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LKB offers you a choice of ty 


‘This one combines 


If it’s genuine versatility you're looking for, then No grease, no leaks, no mess 

you need look no further than the LKB Vertical One clear benefit of using the LKB Vertical 
Electrophoresis System. With a dual gel capacity Electrophoresis System is the simplicity it brings 
that allows you to run up to 40 samples at a time, to the job of gel casting. The basic system includes 
its design ensures that all gels are always run everything you need to cast and run perfect gels 
under uniform conditions, thereby guaranteeing first time, every time. The gels are cast between 


superior reproducibility. And now we have further glass plates, avoiding both the use of grease and 
enhanced the already impressive versatility of this the probability of leaks and turning gel casting 


system by adding a 30 cm gel capability for even into a clean and pleasant activity. 

higher resolution, a tube gel kit for greater 2-D 

flexibility, and the new LKB Transphor The Tube Gel Kit allows the LKB system to 

Electroblotting Unit for improved visualization. perform both the first and second dimensions in 
2-D applications » 

This fine 2-D gel shows the use of the LKB Gel 

Dryer in preparing gels for storage, scanning or PAGE and gradient PAGE techniques 

autoradiography w Conventional PAGE and SDS/PAGE techniques, 





using either continuous or discontinuous buffers, 
are fully catered for by the basic LKB system. 
The addition of our Gradient Gel Kit provides a 
quick and convenient method of casting both 
linear and exp ential gradient polyacrylamide 
gels. Due to their relatively small pore size, these 
gels effectively limit diffusion. Linear gradients 
counteract band broadening effects, while 
exponential gradients are useful for resolving 
components with widely differing molecular 
weights. 


The Vertical Electrophoresis System, based on the 
LKB 2001 Electrophoresis Unit, also includes a 
power supply, thermostatic circulator and all the 
necessary accessories, kits and quality chemicals w 








THE LKB SYSTEMS APPROACH 

At LKB we believe that we should be able to give 
you professional training, advice and support in 
the use and application of our products. And we 
should certainly be able to supply you with 
everything you need to perform your experiments, 
so you never have to worry about where each item 
comes from, how good it is, whether it will work 
properly with all the other pieces of apparatus, and 
who to turn to when you have problems. That is 
why we offer complete integrated systems, not 
merely a range of individual units. LKB systems 
contain all the instruments, kits, chemicals, 
accessories and supplies you will need in your 
laboratory. Every component of the system is 
designed to work together with and enhance the 
high performance of all the other components. 
Every item carries our name, and we take full 
responsibility for it. 


LKB - the electrophoresis experts 
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> different techniques” 


Agarose gel techniques 

For researchers who sometimes want to use 
agarose, there is a special kit to help you cast and 
run the 3 mm agarose gels on the LKB Vertical 
Electrophoresis System. The kit includes frosted 
glass plates to provide essential support for the 
gel. 


Two-dimensional techniques 

This is the only complete vertical electrophoresis 
system that can carry out both the first and 
second phases of 2-D electrophoresis in a single 
unit, and can offer the user a choice of either tube 
or slab gels for the first dimension. Our 2-D Kit 
includes a special cleaver for preparing slab gels, 
while tube gels are easily applied to the top of a 
standard slab gel by means of the trough built into 
the upper buffer chamber. 


LKB3 new Transphor Electroblotting Unit 
improves the sensitivity and resol, ` `on of 
detection procedures p 


Autoradiography techniques 

Another kit, containing all the accessories you 
need to cast accurate gels only 0.75 mm thick, 
makes it easy for you to use the LKB Vertical 
Electrophoresis System for high resolution 
autoradiography using thin gels. The LKB Slab 
Gel Dryer, which combines dry heat and reduced 
pressure to rapidly dry and affix the gel onto paper 
or film for later analysis and storage, is ideal for 
drying down thin gels onto disposable plastic 
sheets prior to detection. 


The result of gradient gel electrophoresis of two 
crude extracts from Beneckea harveyi on the LKB 
system Y 
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Electroblotting techniques has > # 
The new LKB Transphor uses the principles of 
electrophoresis to transfer proteins or nucleic acids 
from polyacrylamide or agarose gels onto 
nitrocellulose or other immobilizing matrices. In 
this way the electrophoresis bands are made easily 
accessible for faster and more sensitive 
visualization than on the original gel. The 
resulting patterns can be stored for months 
without deteriorating and multiple analyses can be 
performed using just the one pattern. 


Want proof? 

These may sound like extravagant claims, but just 
call us and we'll be happy to come and 
demonstrate the versatility of the LKB Vertical 
Electrophoresis System for you and your 
colleagues. At your convenience. 





Head office: 
LKB-Produkter AB 
Box 305, S-161 26 Bromma, Sweden 
Tel 08-98 00 40 Telex 10492 
Main US sales office: 
LKB Instruments Inc 
9319 Gaither Road, Gaithersburg 
Maryland 20877 
Tel (301) 963-3200 
Telex 909870 (dom), 64634 (intern) 
UK sales office: 
LKB Instruments Ltd 
232 Addington Road, S Croydon 
Surrey CR2 8YD England 
Tel 01-657 8822 Telex 264414 
Other sales offices in: 
Antwerp, Athens (for Middle East), Bangkok, 
Copenhagen, Lucerne, Madras, Moscow, Munich, 
Paris, Rome, Turku, Vienna, Zoetermeer 
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fesea rch allows no compromise in the 
per for mance of your separ: 7 iti Mols. No compromise in performance 
means instruments and sepaimaiagn media designed and optimized 
specifically for biomolecul@saiame Pharmacia FPLC System stands alone 
as the original high perforg ance quid chromatography system 
designed for the special ne gdsiig Much applications as: 


e Enzyme purification 

è Peptide mapping 

e Analytical protein sepa idiionsi 

è Purification of biologica ip aotine peptides 
e Separation of polynucle i | 


FPLC is a unique approach ,de ed to eliminate the incompatibilities 
of traditional HPLC techn log w For the last 20 years, traditional HPLC 
pump design, high pressut Scolumns and stainless steel wetted surfaces 
were developed to solve pr@Biemasm ifferent from the ones you have today. 


Why “make-do” with compmgmmlseusing old HPLC technology when 
FPLC has proven itself wi tiem ifficult samples as monoclonal 
antibodies, restriction enz¥mmesem@lood, urine and viral proteins? 


After 25 years of experieng@gmmaeyeloping basic separation methods like 
gel filtration, affinity chrogatogi phy and chromatofocusing, we at 
Pharmacia can tell you th wr ates some of the most 
significant discoveries in Salman chemin since the introduction of 


Sephadex 


FPLC respects the origins “ofthe b boosii and achieves 
unprecedented speed, resolution and recovery: 
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You’ ve got the sequence information and you need a 
hybridization probe or primer now. Instead of waiting 
weeks to get the oligonucleotides you need, call 
800-DNA-PURE, ABN’s Prime Time™ Oligonucleotide 
Synthesis Service. 


10 Day Delivery - Canrantesd: 

ABN’s Prime Time service guarantees delivery of your 
custom sequence oligonucleotides within 10 business 
days. If delivery is delayed for any reason, your account 
is credited 5% per day for each day we’re late. A 
commitment unmatched in the industry. 


Purity Uncompromised 

Each oligonucleotide preparation is purifi ed using the 
latest techniques in preparative PAGE or HPLC. 
Delivery. of a homogeneous preparation is guaranteed by 
electrophoretic analysis of **P end labeled material. A 
copy of the resulting autoradiogram is provided as proof 
of purity. 
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Emeryville, CA 94608 
 800-DNA-PURE or 415-652-4466 
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Anew, independent, quarterly journal for the critical assessment of new IUPHAR 
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of pharmaceutical medicine and cover those activities germane to human 9th Internation a | 
testing of drugs, papers will appear on human pharmacology, clinical ; Cong i: f 
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investigation; comparative clinical trials, and epidemiological studies. 
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_ The latter will inevitably be associated with drug safety and post-marketing 
surveillance. The problems of quality control and analysis of laboratory 
tests will be addressed, and the handling of clinical trial data. The design 

and statistical analysis of clinical studies will also feature. 

Pharmaceutical Medicine will provide invited contributions, reviews, news 

_ and opinion, A major feature will be abstracts of papers published elsewhere 
` giving new means of assessing drugs. 

The Journal will not take an overtly political or commercial position, but 
any matters affecting ways and means of assessing drug efficacy and 
safety, including governmental regulations, will be discussed. 
























* Proceedings of the leading international 
meeting for pharmacologists and 
toxicologists 

* 21 plenary lectures and 180 papers 
from the 30. symposia, published in 
three volumes 

* An essential compendium 
of the topics of high interest 
in drug research today 

* Available November 1984 













Subscription Rates 
UK and Eire: £45.00, USA/Canada: Surface US $95.00, Rest of World: Surface £63.00 
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Amonthly Journal published by Macmillan Press on behalf of the Fellowship 
of Postgraduate Medicine. The Fellowship was founded in the early 1900's to 
assist medical postgraduates by publishing Original Papers on subjects of 
current clinical importance together with Review Articles containing 
extensive, up-date bibliographies as guides to further reading. Several single 
topic symposia, written by specialists within that discipline, are published 
each year. These features combined with Current Surveys of clinical 
problems, Case Reports and Book Reviews, provide a unique, regular 
compendium of clinical medicine invaluable to the graduate intraining. 
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Vector Cloning Systems Introduces 
1X10° efficiency to Molecular Biology. 
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lambda phage DNA Packaging System | 











And Gigapack costs no 
more than the standard 
extracts! 






Exactly what is 
Gigapack? 
Gigapack is an easy-to- 


use frozen extract. Simply 
thaw and add your DNA. 














































1408 effici The kits include a sample Sage 
. aia of control lambda DNA ee 
Vector Cloning and indicator bacteria. accommodate up to 4. 
_ Systems introduces a As you can see, microliters of exogenous 
revolutionary lambda Gigapack markedly out DNA. 
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Biology. 8 
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between 7.5X108 and x rey built our company. on 
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expression, cDNA 

subtraction or genomic performs standard 

lambda and cosmid extracts in side-by-side “Where Satisfaction Mult 
< libraries with a 1X108 experiments. 3770 Tansy Street 
efficiency extract when Efficiencies are, San Diego, CA 92121 









an obtain 8-12 times | essentially, linear up to 1 Outside CA 1-800 424-5444 
as many recombinants microgram of lambda InCA. call collect (619)458-9151 - 
wit Uipeck! DNA. Each extract can 





*Efficiency of particular batch specified with each kit. 
Other products available: lambda gt} 1 dephosphorylated arms, EMBL} arms, lambda size markers and assorted plasmid vectors. 
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perhap: only afew days, will tell whether the piece of paper 
Mrs Margaret Thatcher collected from President Ronald Reagan 
21 December will help smooth the way for the arms control 
ons that open next week at Geneva. Ever since President 
i surprised the world with his announcement last March of 
plan to win immunity from ballistic missiles carrying nuclear 
eads, the Soviet government has been complaining bitterly 
e threat that space will be the next big battlefield. Mr 
Gorbuchov, on his otherwise successful visit to London 
i eks ago, kept on at the same theme, and won cautious 
- sympathy from Mrs Thatcher for his pains. What she has now 

doneis to win from the United States administration an important 
; clarification of the star wars plan, otherwise known as the 

Strategic! Defense Initiative, or SDI. First, it is accepted, SDI is for 
oth ei meray a research programme, and as such is not a 













e alan of SDI (whatever they may be) will not be deployed 

ithout warning, and in particular without negotiation with the 

‘Soviet Union. That will ensure that Mrs Thatcher cannot be 

a used by her Soviet visitor of double-talk. Whether it will cut 

( neva will depend on what the Soviet government 

Vashington’s present account of its intentions. 

There has been a sharp change of tenor in the past few months. 
In the first flush of star: wars, the general assumption was that 
there had begun a huge new programme of military preparation 
whose only certain consequence would be to stimulate a similar 
range of developments in the Soviet Union. It is true, as President 
Reagan made quite clear, that nobody supposed two years ago 
that it would be possible to construct an effective defence ‘against 
ballistic missiles overnight, with the result that the first vision of 
star wars foresaw a series of developments that would not be com- 

A pleted until the next century is well under way. But there have been 

‘many in the United States and elsewhere who have supposed that 

` the momentum. of SDI would continue from the first phase of 

: i introspection and research through to thedeployment of weapons 

_ with increasing sophistication. If the US administration now says 

(asit | does) that this was never the intention, it has only itself (or its 

-president) to blame. For while Mr Reagan’s original speech did 

-make quite plain the speculative character of what was planned, it 

conspicuously failed to acknowledge the two chief causes of 

“anxiety bound up with this adventure, fear that the intermediate 

Stages in the building of a hypothetical perfect defence against 
ballistic missiles would dangerously upset the nuclear balance, 
and the suspicion that the United States did not care a fig for its 
obligations under the ABM treaty. That is why the understanding 
Mrs Thatcher has wonis more than amere token. It should helpto 
make: the whole star. wars plan more accessible to rational 
a‘ discussion. oe 













i arly two years, there has been a string of objections to the 
whole concept of SDI, of which the most rudimentary has been 
that President Reagan’s vision is an insubstantial mirage. This 
was the substance of the commentary on the proposals by the 
Office of Technology Assessment of the US Congress just over a 
year ago, as well as of more recent objections by Dr Sydney Drell’s 





ow to talk about star wars 


Mrs Margaret Thatcher’s visit to Washington has clarified US intentions towards negotiations 
— ballistic missile defences. But the United States should be more forthcoming yet if it wishes, 





























committee, operating under the flag of the Union of Cocer 
Scientists in the United States. Such arguments turn on calcula’ 
ions of the numbers of space platforms that will be needed to kee 
all possible launching gounds for hostile missiles under surv 
ance, or of the amount of chemical or other fuel that would 
to be carried into orbit so as to ensure that space-moun 
defensive weapons could function. Inevitably, there has also 
a running argument about the utility of a defensive weapon 
system in which each of several layers would inevitably be leak 
less than fully effective. What Washington in its present sti 
can fairly say is that these objections, which would be valid an 
even fatal if directed against the deployment of a star. war: 
defence, do not apply to a research programme. 
In reality, the programme now under way is a natural extensio 
of what President Reagan was saying nearly two years ago; a 
soon afterwards made tangible by what the Pentagon’s Flete 
panel reported in October 1983. The first line of defence i ins 
to be a system-for attacking (and, with luck, destroying) hos 
missiles when they are most easily identifiable, when their ro 
are still burning in the lower stratosphere. Thereafter, i in 
course, detection is more difficult (because targets are 
conspicuous) while destruction is more complicated (be 
each rocket will have multiplied into several warheads tog 
with a cloud of decoys). For these two phases of intercepti 
technical hope seems to be some form of beam weapon th: 
deliver substantial amounts of energy over distances of th 
of thousands of kilometres in times measured in seconds. 
seems now to centre on beams of neutral hydroge ate 
travelling with velocities of up to 0.9 of the velocity of light.) 
phases in a defence against ballistic missiles would be i 
conventional, relying on detection (and discrimination) from th 
ground, or within the atmosphere, and interception by ground 
based rockets systems carrying conventional (not. nuch 
warheads or even mechanical obstacles (such as the system 
chains deployed in last year’s successful US test of a mis: 
interceptor). The crucial ingredient of any working system \ 
be an automatic means of acquiring and manipulating da 
such a way as to direct attacks at missiles, not decoys, that 
outmatch in sophistication any electronic computing syst 
built. Whatever the other uncertainties in the syster 
feasibility of embodying in a parcel of electronics the equi akı 
of a whole crew of chiefs of staff, and their acco! i 
intelligence networks, must beggar the imaginatio 
anybody. : : 





Verification e 
So long as this remains a programme of. research it 
sense to complain about it, or even to attempt | to: 
abandonment. If arms control: agreements are to 
should be) susceptible ti verification, they can never inclu r 
undertakings not to carry out research whose. objectives cannever 
be unambiguously defined. Ina different field, ifanagreementon. | 
chemical weapons were to include an interdiction of research, 
many ordinary laboratory: experiments i in organic synthesis would 

be disallowed, But is there not a danger. that research, by 
acquiring momentum, will lead automatically to deployment? 
The implication of that question is a confession of despair in the 







research. If the critics of the feasibility of SDI are right, they 
be fortified by events and star wars will never happen. Otherwise, 
the outcome will turn on negotiations. That, for the time being, 
should satisfy both the Soviet government and those who doubt 
e soundness of what the administration is about. 
Three important questions remain, of which the chief is the 
elationship between SDI and the ABM treaty, The treaty (signed 
by the Soviet Union and the United States in 1972) was born of the 
conviction that the integrity of the retaliatory forces of the two 
Superpowers would be the best guarantor of international 
“security. The United States made this point explicit in a statement 
on 9 May 1972. The treaty itself requires that neither of the two 
- superpowers should ‘‘develop, test or deploy’? ABM systems, or 
components of them, which are ‘‘sea-based, air-based, space- 
based” or based on dry land and at the same time mobile. The 
urpose of these exclusions was to allow for the installation of two 
.BM_ systems in each country, an option partially taken up by 
oviet Union (which has built a defensive system around 
loscow) but eschewed by the United States (disappointed by the 
p ‘formance of its own system based on the Sprint rocket). On the 
. of things, last year’s test of an anti-ballistic missile over the 
‘acific was already a violation of the treaty. The question when 
DI programme comes to seem a more deliberate violation 
ould ordinarily occupy the lawyers for years to come were it not 
t the issue is too urgent to wait. The obvious difficulty is that 
even. missile detection systems that could be intended as 
‘components of early warning systems, such as the satellite 
cluded in the next shuttle payload which is designed to monitor 
electromagnetic signals from eastern Asia, may now be thought to 
late the treaty. Putting even simple particle accelerators into 
rbit is bound to give offence. At the very least, the United States 
ad. better look for a new understanding on the ABM treaty 
‘ore it finds itself being accused of having made a mockery of 
e agreement. That, in present circumstances, is merely good 
\ternational housekeeping. 
The second issue, which will arise only if the first phase of SDI 
ugi ests that it would be feasible to build a defence of some kind 
st ballistic missiles, is whether it would ever be possible to 
uct such a system safely. There is much in what the US 
ration is now saying that even a less than perfect defence 
h of four or five layers in a defensive system would make it 
possible for a potential attacker to carry out with certainty a 
-emptive strike against its opponent’s retaliatory force. Simple 
TO ability ‘will ensure that. The calculation now is not (as in 
83) that the United States would be able to dispense with formal 
egotiations with the Soviet Union, secure in the knowledge that 
s deterrent force would always be safe, but that the installation 
a ballistic missile defence would present opponents with the 
ween a ruinously expensive programme of missile 
and hard-headed negotiations of the reduction of 
sile forces. The snag, of course, is that for a period of 
ree decades, the ballistic missile defence would 
ct that pre-emptive strikes, either against the 
ist the missiles it is intended to protect, would 












































































































































































ierpatibanl superpower league may insist that its intentions are 
acific, it must prudently calculate that its opponent will think the 
opposite, and will feel as threatened now by neutralizing of its 
“own strategic forces as in 1972, when anti-ballistic missile systems 
were first reckoned to be paradoxically dangerous. 

. The third issue that stands out is pedestrian and financial. The 
-first five years of SDI is reckoned to cost $26,000 million, of which 
the US Congress has so far appropriated about five per cent. By 
“the heady yardsticks of the US defence budget, this is not for the 
time being a large sum of money, but by other standards it is an 
enormous sum, especially when it is acknowledged that most of 
the money would be spent on the purchase of technical skills 
gently: needed in other fields. At a time when the US 
dministration. is hunting around for economies to make 
ewhere in its use of public revenues so as to avoid the dangers of 
stability stemming from fiscal imbalance, it is an extravagance 





















































£0 
undertaking given to Mrs ‘Thatcher, and that: it should get next 
week’s Geneva talks off in the right spirit not merely. by 
volunteering a moratorium on anti-satellite weapons but by 
asking for a reinterpretation of the ABM treaty that will trade a 
licence to continue under the umbrella of SDI with a 
reaffirmation of the ABM treaty, which itself was always 
intended as a prelude to reductions of strategic arms. 3 


British broadcasting 


The British government’s pereninal problem of 
financing the BBC cannot be shuffled off. 


THERE are three things Britain does better than anywhere else: 
landscape gardening, military pageantry and television. Mrs 
Margaret Thatcher, the Prime Minister, would put the excellence 
of British television at risk by having the British Broadcasting. 
Corporation (BBC) take advertising. She should not for the 
following reasons: (1) Even a little would spoil the pleasure of.one 
of the few places on the globe where one can watch television: 
without the annoying intrusion of advertising, like alittle rubbish 
tip on a very beautiful mountain. (2) It would not solve the BBC’s 
crisis, which is to have, in terms of annual revenue, something like 
half what commercial television enjoys (£600 million to £1,000 
million). 

The BBC itself has been arrogant in thinking it can escape real 
cuts in services while the rest of the British public sector cannot. It 
should jettison something, and be seen to do so, The best 
candidate is the popular music radio channel, Radio 1; pop music 
— ask any teenager — sounds better when interlaced with 
commercials. Second best (only because it would save merely £20 
million a year) is local radio, always a mistaken venture into the. 
fringes of broadcasting where a national service never need have 
gone. Third choice is to amalgamate two radio channels, say 2 and 
4, or 3 and 4. Or the BBC could start later in the morning and stop 
earlier at night. 

The BBC, which is not supported by the government but which 
enjoys a monopoly to sell licences to those who pick up electro-. 
magnetic signals at a price fixed by the government, is quite right 
to say two things. First, the secret is to broaden the base of the 
licence fee. (Why should hotels buy a single licence for..250 
rooms?) The second is that the pensioners and others who really 
cannot afford the £65 a year the BBC now wants should be 
subsidized by the social services. The fact is that old people gain, 
more enjoyment and benefit from television than much of the 
population. For those with a decent income, £65 is not too much. 
They should be prepared to pay 18 pence a day for what sustains 
them. 

The real problem is to narrow the gap between the BBC and 
commercial or independent television (ITV). The way to do that, 
in Mrs Thatcher’s mind, is to reduce ITV’s income, undermining, 
the old joke question of what is the difference between an. oil 
tycoon and a videotape editor on London Weekend Television. 
(Answer: the tycoon does not have London weighting, the extra 
pay for working in London.) ITV companies pay a levy on two 
thirds of their profits after an initial levy-free slice. The 
government is considering switching the levy.to a revenues base. 
But it has done this in the past and found it useless when the ITV 
companies had a bad year. What is needed is a new more flexible 
formula based partly on profits, partly on levy. The result. would, 
be to reduce the ITV’s willingness to pay any price for. peace 
among its trade unions on the grounds that what it pays.comes 
straight off the levy. It is this that unfairly encourages a-brain 
drain of talent from BBC to ITV at every level, from performer to 
make-up girl to cameraman. 

When all these remedies are at hand, the BBC and the 
government should apply them. Just as British motorways.are so. 
strikingly free of billboards — a relief to the eye after the United 
States or even France — so an unblemished television landscape 
should not be surrendered lightly. SU 






















Washington 

| US research groups, working ‘“‘under the 
< table” for over a year, have designed and 
developed several instruments to be flown 
on two Soviet. spacecraft headed for 
-< Halley's: comet. ‘The unusual collabor- 
ion, although unofficial, has involved 
ensive contacts between US and Soviet 
< scientists, including a visit by a University 
of Chicago physicist to the Soviet Space 















icial. agreement between the 
S$ and the Soviet Union 
operation in space was allowed 
e Reagan administration to lapse in 
82, after the imposition of martial law in 
Poland. Low-level contacts between US 
“and Soviet. government officials have 
continued, however, and the collaboration 
< -onethe Halley’s comet mission is said to 
ve had the blessing of the US Depart- 
“ments of State and Defense. And the 
National Aeronautics and Space Admini- 
stration (NASA), provided financial 
-support to the University of Chicago 
_ group, which designed and built two 




















“The director of that group, John 
Simpson, had-received.an invitation from 
` Academician R. Z. Sagdeev of the Space 
Research Institute in September 1983 to 
build the detectors for the Soviet mission. 
Earlier that month, at a scientific meeting 
in the Netherlands, Simpson had described 
his new detector design, which measures 

. density of dust; Simpson was too late to 
have his instrument included in the Giotto 
“spacecraft — the European Space Agency 





| Closet US-Soviet 
collaboration in space 


(ESA) mission to Halley’s comet. 
Simpson’s laboratory began con- 
struction of the new instruments in March 
1984, delivering the first prototype in May. 
The two spacecraft were launched a week 
apart last month, and will be the first of the 
five missions planned to reach the comet. 
The collaboration was announced only 
after the first launch, apparently for fear of 
second thoughts by the Soviet or US 
governments in the face of extensive 
publicity. The University of Chicago group 
used as a go-between the Max Planck 
Institute in Lindau, West Germany, where 


Research secrecy 


US agencies hamstring contrac 


Washington 

THE US government is increasingly using 
prepublication review of research results 
to restrict the free flow of academic infor- 
mation, according to a new report from 
Harvard University. The report finds that 
recent secrecy regulations ‘‘go far afield of 
any reasonable definition of national 
security’’, and suggests that prepublication 
review is being used by federal agencies that 
have nothing to do with national security to 
suppress unwelcome research findings. 

A directive issued by President Reagan 
in March 1983 (National Security Decision 
Directive 84) required government employ- 
ees to submit work for prepublication 


review as a condition for access to classified : 


material. But, says the Harvard report, of 
federal agencies are increasingly including 
prepublication review clauses in university 
research contracts not involving classified 





Press on pork-barrel laboratories 






Washington 
DR Frank Press, president of the National 
- Academy of Sciences, has taken the 
‘unusual step of writing to all 1,428 
members of the academy, urging them to 
‘‘play a leadership role” in opposing so- 
‘called pork-barrel appropriations for 
scientific facilities. ‘“None of these direct 
political approaches to secure funds from 
the research budget would have occurred if 
they were not initiated by members of our 

own community’’, the letter states. 

: In the past two years, half a dozen uni- 
i versities =~ several with the aid of a Wash- 
ington lobbying firm — have taken their 
‘appeals for construction grants for new 
laboratories directly to influential con- 
gressmen, bypassing the usual peer-review 
process, The first and most notorious were 
Catholic University and Columbia Univer- 





sity. All told, pork-barrel appropriations 
for scientific facilities come to nearly $100 
million over the past two years. 

Most of these special appropriations 
have been taken out of the budget of the 
Department of Energy (DoE); there 
appears to be greater reluctance in 
Congress to earmark the budgets of the 
National Institutes of Health or the 
National Science Foundation, which 
award most of their funds through well- 
established procedures of peer review of 
investigator-initiated proposals. DoE has a 
more informal review process that relies on 
advisory panels to recommend priorities to 
the agency. None of the pork-barrel pro- 
jects in question had been considered by 
these panels, nor had the appropriate con- 
gressional committees held hearings to 
look into them. Stephen Budiansky 
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credited by Se for “facilitating h 
incorporation of the US experiments” into 
the Soviet spacecraft. tee 
Other US groups are involved in’t 
Soviet mission. John Hsieh, a physicist: at 
the University of Arizona, designed 
neutral mass spectrometer, built at Linda 
while scientists at Arizona and Michigan 
are participating in the analysis of i imagi ng 
and plasma-physics data. 
The comet-dust analyser will be the: on 
entirely US-built experiment. on. ai 
mission to Halley’s comet. The spacecra 
are to rendezvous with the comet in Mar 
1986. The initial findings on dust densi y 
may be of particular importance i 
determining how closely the other. 
craft may safely approach the comet, . 
Stephen Budians 











































material. The National Institutes 
Health, the Environmental Protection 
Agency and the Food and Drug Admi 
stration have all presented contracts co 
taining such clauses. And although t 
restrictions are, in theory, aimed at hal 
the flow of valuable technology t 
Soviet Union, some of the most rest 
clauses have appeared in contracts 
social-science research. 

The Harvard report notes that 
agencies have begun to insist on the 
modify the scope of contracted rese: 
without the researcher's assent; 
insist that agency officials: be allow 
participate directly in the research. 

Another way in which the gover 
agencies have been tightening restrictio 
on the free flow of information. is 
security classification. An executive or 
issued in 1982 (no. 12356) allo 
government officials to impose. clas: 
fication restrictions | after a pr 

































stricter classification: hen in doub 

Although the Department of Def 
last year agreed not to use export c 
regulations to control ‘fund 


principle applies to other federal ag 
A major policy statement on t 
information restrictions is expected” from . 
the White Hotise early this year. : : 

Harvard denies that its report isa “all 
for action’’, although itis sure to become a 
focus for discussion in the academic 
community, especially as Harvard plans to 
update the document periodically. The 
report. was prepared by John Shattuck, 
vice-president for government, community 
and public affairs. Tim Beardsley 














hav ended with a reduced majority for Mr 


portfolio reshuffle of considerable 
ent for Australia’s fast-fading tech- 
nology-based industries. With ballot- 
- counting still incomplete, it is plain that a2 
per cent swing against the government has 
replaced the forecast Labor landslide. 
With 34 Senate seats (against 33 for the 
conservative opposition parties), the 
government has lost its last chance to 
control the upper house, where the Aus- 
ralian Democrats now hold the balance of 
wer with seven probable seats, the most 
recent won by Dr Norman Sanders, former 
JS. citizen, Korean War pilot, research 
geomorphologist, Tasmanian parli- 
-mentarian and crusading conservationist. 
e Nuclear Disarmament Party (NDP, 
see Nature 29 November, p.395), in the 
person of Ms Jo Vallentine, looks set to 
Bain one seat, but shaven-headed lawyer/ 
ock star Mr Peter Garrett will probably 
€ to the Democrats’ deputy leader, 
nator Mason. 
Pre-election talk of a technological 
superministry has been borne out to some 
legree by the annexation of several of the 
hnological development functions of 
r Barry Jones’s Department of Science 
ind Technology (DST) by the politically 
ore powerful Department of Industry 
and. Commerce. Under the leadership of 
he government Senate leader Senator 
hn Button, the new ministry will be 
known as the Department of Industry, 
‘echnology and Commerce (DITC), while 
ir Jones’s reduced bailiwick becomes the 
Jepartment of Science. 
‘Precisely how many sections of the old 
S “will be handed over is not yet clear, 
ut they are thought to include the 
lanagement and Investment Companies 
Scheme (MICS, see Nature 307, 584; 1984), 
e National. Biotechnology Scheme and 
lements of the DST Policy Division. As 
ell. as attempting to revitalize basic scient- 
ic research and continuing to boost the 
ublic’ S perception. of it, Mr Jones will 
Senator Button in the House of 
Representatives. 
: The acquisition of the Australian 
Andustrial Research and Development 
Incentive Scheme (AIRDIS) will allow 
Senator Button’s expanded DITC to 
operate the new 150 per cent research and 
development tax write-off provision, 
“Which had been inserted into Labor’s 
modest campaign platform before the ele- 
ction. Three major industrial companies 
have already indicated that they are con- 
sidering research and development act- 
ivities in Australia to take advantage of the 
Next tax scheme. 
i ‘Senator Button will never be the high- 
tech visionary Mr Jones is (but then, who 
























































month’s Australian federal elections 


R.J. (Bob). Hawke’s Labor government 

























| could be?). He is, however, much more ofa 
political infighter, and while his stance in 





| refusing increased protection to the de- 


pressed heavy-engineering industry en- 
gendered hostility among the unions, his 
sponsorship of the steel and automobile 
industry rationalization plans has earned 
him considerable respect in industry 
circles. The government’s replacement of 
protectionist trade minister Mr Bowen by 
the former finance minister Mr Dawkins 
must also be interpreted as indicating the 
importance it places on efficient industry 
restructuring. Jeffrey Sellar 


Medical research 


Too little cash 


THE British Medical Research Council 
(MRC) is still not sure how much it will 
have to spend in 1985-86, but one thing is 
already clear — there will not be enough. 
The removal of £3 million from the last- 
minute addition to the science budget (see 
Nature 312, 582; 1984) has made the future 
look even more bleak. The council plans to 
restore £1 million to the budgets of its 
research units (cut last autumn by just over 
£2 million), but otherwise fears there will 
be a further deterioration in its capacity to 
support applications for long-term (five 
years or more) research grants, perhaps by 
25 per cent. The result of that could be that 
only two out of five first-class applications 
would succeed. MRC will also be more 
selective in its support for research units, 
aiming at the survival of the best at the 
expense of the less good. 

Sir James Gowans, secretary of MRC, 
delivering this sombre message on the eve 
of the recent holiday, also called into 
question government policy on the science 
budget and in particular the British govern- 
ment’s assumption that the Department of 
Education and Science must be solely 
responsible for finding the cash with which 
to support the research councils. The 
result, this year, had been that the depart- 
ment had had to look for extra science 
money by cutting other educational 
services. Gowans thinks the government 
should shoulder collective responsibility 
for science. 

Without quite knowing where the funds 
will come from, MRC will nevertheless go 
ahead with four new projects on which is 
has set its heart, and which are: 

@ A unit for the application of molecular 
biology to medicine (at the John Radeliffe 
Hospital, Oxford). 
®@ A new programme in neurobiology. 
@ Expansion of medical imaging 
techniques (Hammersmith Hospital, 
London). 
© A centre for collaborative research with 
industry (Mill Hill, London). 

Maxine Clarke 

















looks ahead 


Brussels 

ALTHOUGH the funds allocated to the 
European Communities’ research and de- 
velopment programmes on 19 December 
fall well below the Commission’s original 
proposals, there is now reason to hope fora 
substantial increase two years from now, 
when research ministers will select 
programmes with particular promise. 

Last month’s meeting agreed on a 
budget of 1,225 million European 
Currency Units (ECU, £2,040 million) for 
the four or five-year research programmes, 
some of which have been in limbo for more 
than a year. More than half the budget will 
go on thermonuclear fusion (690 million 
ECU). Radiation protection and waste 
management gets 120 million ECU, bio- 
technology 55 million ECU, the 
stimulation programme (by which the 
communities support national initiatives) 
60 million ecu, the ‘‘Brite’’ programme for. 
industrial research 125 million ECU and 
non-nuclear energy 175 million ECU. 

The hope of extra funds is linked with the 
ministers’ decision that two-thirds of last 
month’s allocation should be spent within 
two years, whereupon there is to be a 
thorough review of the scientific value and ° 
Community interest in the different pro- 
grammes. If everything prospers, the result 
may be that total spending over the next 
five years will not fall far short of the Com- 
mission’s original proposals. 

The Esprit programme in information . 
technology, with a budget separately 
agreed, is to move into a new phase this 
year. The research meeting on 19. 
December agreed that new proposals - 
would have to be more detailed than in the 
past, with more precise timetables. 

The outgoing commissioner for 
research, Etienne Davignon, was mildly 
optimistic when he announced the out- 
come of the research ministers’ meeting. 
National governments had: made. sub- 
stantial compromises in reaching: agree- 
ment on the new budget, he said. And 
research is no longer a second-string in 
Europe, where “fundamental research i is, 
the best in the world”. 

Davignon’s concern, as always, i is with 
commercial competition in technology; he. 
urged that. European companies should 
pay more attention to the need for self- 
sufficiency. He had no doubt that the 
Common Market could be made to funct- 
ion more efficiency, but not necessarily in 
time to keep up with the United States and 
Japan. And Davignon was also glum 
because the proposed increase of the Com- © 
mission’s budget, to be secured by an 
increased rate of value added tax of 1.4 per 
cent, had not yet been agreed by national | 
parliaments but had ‘‘already been spent”’ 
in Brussels. Anna Lubinska 














: Polish agriculture- 








Church and State at odds 


POLAND'S controversial ‘‘Agricultural | some $1,800 million of external aid over 


“Foundation”, established three months ago 

: sunder thé patronage of the Roman Catholic 

«Church to assist the recovery of private 

agriculture, is now working out a pro- 
gramme of ten pilot projects, ranging from 
milk. production to tractor repairs, and 

“from water development to agricultural 
field.services, But there are growing doubts 

about the foundation’s effectiveness, 

depending a as it does both on a massive in- 

‘jection of Western capital and on good 

relations between Church and State. 

» Uniquely in the socialist bloc, some 75 
percent of Poland’s agricultural land is in 
private hands, in the form of peasant small- 

“holdings, most. of which are far smaller 

than the 15-20 hectares that the UN Food 
and Agriculture Organization considers the 

: st viable size in Northern Europe. 

: Moreover, almost three decades of under- 
‘investment and an artificial price structure 

-that favoured the state sector have resulted 
in the gradual run-down of agriculture, 

although in 1980 the constraints on in- 
dividual farmers were relaxed, and legisla- 
~ tion introduced guaranteeing them securi- 
ty of tenure, thereby increasing their incen- 
tive to improve their holdings. 

~ At the same time, several rescue opera- 

“tions for agriculture were proposed, in- 

: cluding a. project by the US Rockefeller 

Foundation that would have included 

- significant support for the state sector. In 

the event, it was the Church’s proposal, 

aiding the private sector only, which was 
adopted. This foundation hopes to raise 
















five years; it will purchase external supplies- 


with hard currency raised in the United 
States and Western Europe, and sell them 
to farmers at prevailing market prices, part- 
ly on a deferred-payment basis. These sales 
will eventually establish a zloty fund to be 
used to finance such in-country investments 
as artesian wells, and also to establish a 
social infrastructure in rural areas to help 
halt the drift of young people away from 
the land. 

As yet there is no guarantee that the 
Agricultural Foundation will in fact receive 
sufficient backing from the West, and there 
are fears that the foundation will provoke 
much argument between Church and State 
for very little return. Although the land 
belongs to the farmers, water resources, for 
example, belong to the state. And although 
there is a free market in many agricultural 
products, there is no free market in grain, 
all of which must be sold to the state at fix- 
ed prices. Moreover, the foundation plans 
not only to provide farm machinery, but 
to establish a service infrastructure for the 
machinery. 

Scepticism about the foundation comes 
also from agricultural academies and col- 
leges — largely through ignorance of the 
foundation’s plans. This is unfortunate, 
since once the foundation becomes opera- 
tive, as now seems likely, extension courses 
to teach the farmers to make the best use 
of their resources and some kind of con- 
sultancy service will undoubtedly be 
necessary. Vera Rich 





United States and UNESCO 


Washington 
JHE new year. starts with still no clear 
‘indications of what institutional arrange- 
“ments. will be made to allow the United 
States continued participation in the 
scientific programmes run by the United 
5 Nations Educational, Scientific. and Cul- 
~ tural Organization (UNESCO). US with- 
drawal from the organization took effect 
from 1 January. A budget proposal. for 
programmes to replace those of UNESCO 
has been sent by the State Department to 
the White House Office of Management 
` and Budget, and details of the President's 
proposals will: be released together with 
“general: budget figures later this month. 
These programmes will not, however, start 
until October 1985, and some extra stop- 
gap. support: may ‘be. needed until then. 
_ Furthermore, in spite of the State Depart- 
< ment’s “commitment in principle” to 





diverting the annual contribution saved 
from UNESCO into development, it now 
seems unlikely that the full $47 million per 
year saved will be spent in this way. 
A report on UNESCO's science pro- 
grammes by the US National Research 


Council has suggested that specific support 
through Funds-in-Trust could be appro- 
priate for funding many programmes, 
while organizations such as the Inter- 
national Council of Scientific Unions 
might represent US interests in others. But 
even if UNESCO's science programmes are 
treated well in the budget for fiscal year 
1986, international organizations may 
want some guarantees that US funds they 
administer will not suddenly dry up. 

The US National Commission on 
UNESCO recently passed a resolution ex- 
pressing ‘‘regret’’ at the withdrawal 
decision and urged the State Department to 
restore the commission’s full-time staff to 
monitor further reforms at UNESCO. 
Gregory Newell, assistant secretary of 
international organization affairs at the 
State Department, acknowledged that the 
United States might consider rejoining the 
organization if its complaints were met, but 
hinted that the United States would con- 
sider pulling out of. other international 
organizations that were damaging US 
interests or were nof meeting their 
objectives. Tim Beardsley 





Neutron source source 


(BRITAIN'S spallation neutron so 

















A A shoestring 
operation 


(SNS), which will soon be the wor 
intense source of low-energy n 
produced its first test beams of newt 
last month at one four-thousandth. of t 
design intensity. Full operation is due 
start in April, but, says Dr Geoff Mannin 
director of the Rutherford- Appleton 
Laboratory where SNS is based,: 
present we don’t have enough money. 
run next year” Í 

Running costs will be £10 million, he 
estimates, compared with a capital cost: 
£50 million of new money, But thereis onl 
£8 million in the kitty. The difference 
equal to the expected electricity bill fo! 
operating SNS in 1985. 

Nevertheless SNS will run — but 
somewhat straitened circumstances 
machine and its four existing instruments 
which worked perfectly in the test run, ar 
already two years late as a result of fundin 
delays, and is now in serious danger o 
under-exploitation. SNS is designed 
20 instruments on 18 beam-lines, and 
provide facilities for ‘‘several hundi 
UK university and industrial scientists: Bu 
exactly when that maximum will be reach 
is unclear. The Science and Engin 
Research Council has been actively see 
foreign participation and support, ani 
so far succeeded only with India; whos 
Bhabha Institute in Bombay has prov 
one. of the four existing instruments. 

There had been British hopes that Ww 
Germany would help, but faced wit 
British money for HERA (a proto 
electron collider now under construction 
Hamburg), nor for the European Synchro 
tron Radiation Source, nor any. Brit 
commitment to a next-generation neut 
spallation source planned i in German: y 




































warm in contributing to SNS. There wil b 
one German experiment at SNS —= a neu 
trino detector for experiments on | 
and mixing of neutrino types. ; 
SNS’s main role, as was evidenced 
test experiments. last. week, invi 
neutrons. as diffractive probes of atom 
molecular and material structures of 
and solid-state matter. In this the 
neutrons is similar to that of X ray: 
the exception that the energy of a neutro 
of a given (de Broglie) wavelength is much 
tower than that of-an X-ray of the same. 
wavelength — thus allowing greater. 
intensities without damage to the sample. 
Neutrons interact principally with nuclei, 
rather than the electronic structure of a 
material, thus providing complementary. 
information to X-ray (and synchrotron 
radiation) investigations. 





Robert Walgate 










1989, the decision to phase out lead from 
petrol may cause friction between 
ountries keen to introduce controls and 
those less concerned about lead pollution. 
The directive seeks to avoid confrontation 
th West Germany, which said in 
ptember that it would start selling lead- 
petrol from 1986. 

t the end of a marathon session, 
ministers had agreed to make a single grade 
vf “‘super-petrol’’ widely available in the 
smmunity on a mandatory basis from 
89, while at the same time leaving 
ember states free to introduce the lead- 
variety any time between now and 
hen. The European Parliament’s environ- 
ment committee had recommended the 
‘introduction of lead-free petrol by 1986. 
‘West Germany also plans to speed up the 
yhasing out of normal leaded petrol, but a 
nilateral move will require prior consent 
f the European Commission and the other 
member states. 

-Although lead-free petrol will be on sale 
rom 1989, the agreement reached by 
-ministers.does not include any incentives to 
ncourage motorists to use lead-free 
petrol, in spite of recommendations by 
sumer groups in a Community report 
blished in April 1984. 

The only ‘‘technical’’ constraint to use 
lead-free. petrol would be if cars were to be 
itted' with catalytic converters in order to 
nform with stricter vehicle emission 
standards. But ministers made little pro- 
zress on the Commission’s proposal to re- 
uce vehicle emissions (carbon monoxide, 
















Inthe meantime, proposals will be pre- 
ared for emission standards to be laid 
iown according to the different categories 
f cars. It is likely that they will suggest the 
‘ictest standards for 2-litre models and 
over, which represent 10 per cent of cars on 
‘European roads, while cars under 1.3 litres 
“might escape controls altogether. The idea 
f different categories does not, however, 
appeal to the West Germans, who are 
ticking to their decision to make anti- 
pollution devices obligatory on a national 
‘scale in 1988 and 1989. 
The West German decision means that 
_ three-way or oxidation catalytic converters 
~ will soon. be essential to all cars sold there. 
Bu countries:that produce mainly small 
sized cars, such.as France and 
Italy, are reticent in view of the high cost 
nvolved, preferring to wait for lean-burn 
engine technology. which could make its 















debut in Europe in two years’ time. 

Amore immediate solution to curb emis- 
sions is to introduce stricter speed limits. 
The proposal put forward by French 
environment minister Huguette 
Bouchardeau, however, was not welcomed 
by West Germany, where speed on the 
autobahns is unrestricted. 

On the other hand, pressure from the 
French was largely responsible for the 
watering down of the commitments made 
in June to limit the lead content of leaded 
petrol (which will be sold in parallel during 
the transition period for cars built before 
1989) to 0.15 grams per litre. The French 
complained that the reduction from the 
present content of 0.40 grams per litre 
would cost them FF1,500 million. Under 
the new directive, this will still not be 
obligatory. Only West Germany and 
Denmark apply the stricter lead content, 
while the United Kingdom and the Nether- 
lands plan to do so in 1986. 








cerned. ministers ‘adopted a directive set-. 
ting air quality limit values for nitrogen 
dioxide in the air of 200 micrograms’ per 
cubic metre of air and guide values of 50 
micrograms per cubic metre. The main 
sources of nitrogen dioxide are in fact car 
exhausts and factory chimneys. The 
standards have been strongly criticized by 
both the European Parliament and. the 
European Environmental Bureau for being 
far too high to produce any significant re- 
duction in the damage done to man and the 
environment. No progress was made on the 
directive limiting air pollution from large 
combustion plants, which would cost the 
United Kingdom £4,000 million, according 
to the UK Central Electricity Generating 
Board. 

Meanwhile, research is to continue. 
Ministers agreed to grant 4 million ECU for 
the first year of a five-year programme.to | 
collect information and to look at different 
methods of measuring, among other 
things, environmental degradation due to 
acid precipitation. Anna Lubinska 































Cuban science 


Soviet plan for joint technology 


SOVIET scientific cooperation with Cuba 
will be increased under a new long-term 
economic and technical agreement con- 
cluded in November. The new programme 
foresees joint efforts in accelerating the 
development of Cuban science and 
technology, building up the material and 
technical research base and improving the 
qualifications of Cuban scientific cadres. 

Arrangements will be worked out for the 
transfer of scientific and technical docu- 
mentation to Cuba, and an educational aid 
programme will cover not only the training 
of Cuban specialists in technical schools 
and higher education institutes (pre- 
sumably in both Cuba and the Soviet 
Union), but also ‘‘study attachments’’ for 
Cuban technologists, engineers and 
managers at Soviet enterprises. 

The new cooperation agreement is inten- 
ded to complete the construction of the 
“material and technical base of socialism” 
by the end of the century. It concentrates 
on nine main spheres: agriculture and food 
processing, fuel and energy, metallurgy, 
machine building, electronic and electrical 
engineering, chemical and light industry, 
medical industry, construction materials 
and the building industry, and transport. 
Science and technology, formally the tenth 
point of the plan, seems to be seen solely in 
terms of the other nine. 

Although the agreement is intended to 
strengthen the Cuban economy, there is no 
intention that Cuba should be self- 
sufficient. On the contrary, the Havana 
conference of Comecon leaders last 
summer took the idea of intra~-Comecon 
cooperation a stage further from the 


~existing bilateral cooperation projects. 





From now on, the intention is that the five- 
year plans of all member countries will be . 
coordinated, leading, theoretically, to 
more specialization and division of labour 
between them. 

The new agreement specifically stresses 
the need to ‘‘help Cuba develop the pro- 
duction of specific types of output — 
primarily in the processing sectors of- 
industry — that will ensure its broader 
participation in specialization and: 
production-sharing arrangements within 
Comecon. Products specifically men- 
tioned for export are sugar, fresh and 
processed citrus fruit, tobacco, possible 
new citrus products (vitamin C, lysine, 
citric acid) and medicinal plants for the 
pharmaceutical industry, There are less 
specific references to product-sharing and 
specialization in the electronics industry, a ` 
mutual exchange of chemical raw materials 
and finished products, the export of ‘sewn 
and other light industry’’ goods as part of a’: 
compensation. deal, and, somewhat — 
remarkably, the possible production of | 
unspecified medical and laboratory 
apparatus for export to the Soviet Union. \ 

Cuba still depends - considerably on 
Soviet expertise and specialist advice. 
During an impromptu press conference last 
month, Dr Fidel Castro paid. a glowing 
tribute to Soviet ‘assistance ‘which had 
provided Cuba not only with the model 
plant he was visiting but with oil refineries, 
harbour facilities and a nuclear power 
programme. Nevertheless, it appears that 


Cuba does not intend to rely solely on: 


Soviet aid, but is prepared to shop around 
fo xpert advice within the bloc. ; 





Vera Rich ; 



















Washington 
A “RADICAL reorganization of the engin- 
_-eering directorate of the National Science 
Foundation (NSF) was blessed last week 
"by the directorate’s advisory council. The 
‘changes are being pushed by the found- 
ation’s new director for engineering, Nam 
P. Suh, and are aimed at providing ‘‘more 
coherent” planning of engineering science. 
Suh argues that NSF should take more of 
.. the initiative in engineering research plan- 
“ning, identifying and building up areas 
“where the basic science is not in place for 
technological development as well as build- 
ing.on existing strengths. To this end, Suh 
proposes to sweep away the existing div- 
. isions: based on traditional subject cate- 
z goric s (such as chemical, mechanical and 
¢ engineering) and replace them with 
“three basic engineering science divisions 
and divisions for ‘‘emerging engineering 
“systems”? (for example biotechnology pro- 
cess engineering), for ‘‘critical engineering 
systems” (projects in which public insti- 
tutions may take a leading role, such as 
hazardous waste disposal and earthquake 
- engineering) and for engineering where the 
“Science base is inadequate. 

Suh denies that his aim is to seek funds 
for engineering research at the expense of 
fundamental science, and does not see a 

need fora major increase in federal fund- 
ing! ‘for: engineering research in general. The 
: “reorganization of the engineering direct- 
- orate will not simply be a paper-pushing 
















Better planning at NSF? 


exercise, he says, because the new teams 
will be ‘‘sending out the right signals to the 
research community’’. The aim is to create 
a ‘‘new culture” in which scientists are 
more free to step over traditional subject 
boundaries. 

The other component of Suh’s efforts to 
revitalize engineering is the proposed net- 
work of engineering research centres to be 
based at universities. The idea is that each 
centre should deal with a different end-use 
technology, such as computer-aided design 
or data and communications, providing 
links with industry and interdisciplinary 
research experience for students. The 
centres are intended to provide experience 
with industrial problems for up to 10 per 
cent of students of the host institutions 
(though some admit to doubts about 
whether that target will prove feasible ). 

NSF’s budget for fiscal year 1985 in- 
cludes a mere $10 million for the engin- 
eering research centres, and with a pro- 
posed budget of $2.5-$5 million per year 
for each centre it is by no means clear how 
far NSF will get towards its target of 25 
centres. The deadline for proposals was 1 
October, by which time no fewer than 142 
bids had been received from 107 different 
engineering schools. NSF is adopting a 
pragmatic approach, waiting to see what 
the President’s budget proposal will con- 
tain in January before committing itself to 
a definite number. Site visits are now being 
planned. Tim Beardsley 





New institute tackles information technology 


THE Turing Institute, a self-styled ‘‘centre 
of excellence in advanced information 
technology” in Glasgow, Scotland, was 
formally opened last month by Mr 
Geoffrey Pattie, UK Minister of State for 
Industry and Information Technology. 
. With the help of start-up funds from the 
Scottish Development Agency, and with 
«working. capital provided by subscribing 
‘industrial: companies, the institute 
promises elaborate services, including 
intensive training, discounted use of com- 
mercial and non-commercial software, lib- 
rary and information: services, a ‘‘con- 
fidential’’ quarterly newsletter and 
_ consultancy. 

Perhaps the most ambitious departure, 
however, is the Journeyman training 
scheme, simultaneously unveiled, which 
has been inaugurated by the Alvey 

< Intelligent’ Knowledge Based Systems 
~ GKBS) Directorate. From now on, it is 
-hoped that the group of industrial affiliates 
that funds the institute by private sub- 
‘scription will send employees for six- 
month secondment programmes in logic 
programming, expert system building, 
applied expert systems and robotics. 


Four centres were originally considered | 





for the scheme, including Malvern and 
Edinburgh. But only the department of 
computing at Imperial College London, 
will be joining Turing in the first phase of 
Journeyman next month. Two people are 
enrolled for the first course, although four 
will be the normal number once the project 
gets off the ground. If the scheme is suc- 
cessful, it may then be extended. 

The Department of Trade and Industry 
(DTI) contributes the lion’s share of 
Alvey’s budget, about £250 million to 
industry’s £100 million, and a government 
spokesman says that this is ample proof of 
DTI's “‘eagerness to encourage this kind of 
research’’. It is debatable, however, 
whether private institutions such as the 
Turing Institute and restricted retraining 
initiatives such as Journeyman are 
seriously analogous, as the department 
claims, to the substantial investment of 
artificial intelligence research and develop- 
ment in West Germany, Japan and the 
United States. But these provisions. for 
accelerated ‘‘technology transfer’ may 
mean that DTT is not content to rest on its 
laurels and the United Kingdom’s tradi- 


| tional excellence in the field of machine 


intelligence. Hugh Barnes 








University of Wale 
College merg r 
engineered | 


THE governing 
College, Cardiff (UC 

sity of Wales Institute of Science and Te 
nology (UWIST) announced last mon 
that they have decided to combine to fo 
a new college within the University o 
Wales. Similar proposals in 1981 came t 
nothing, but this latest resolution ci 
about after the University Grants Com 
mittee (UGC) received separate appli 
cations from both institutions for funds tı 
develop separate engineering facultic 
UGC favoured the establishment 
single integrated faculty to provide astror 
engineering base for South Wales and 
joint working party of the two colle; 
now preparing a feasibility study o 



































velopment of a site at Newport Roa 
provide much-needed and purpose 
space, offering the new faculty impr 
facilities for teaching and research. © 

UGC has given its assurance that‘ 
grant provided to the new merged i 
tutions would not be below the total | 
what would otherwise be available to th 
two separate institutions”. This assur: 
however, refers only to the first year 
existence, at the end of which resources an 
numbers will go into the melting-pot. ‘Th 
working party is confident that no compu. 
sory redundancies in the teaching or tech 





nical staff will result from amalgama 
About 1,200 students will be enrolled: 
new college, slightly more than the pres 
aggregate. Indeed, the belief that a certai 
size is a critical requirement of succ 
behind much of the present planning — t 
new sollege will be among the six large st ¢ 












industry, civil engineering, intial exploi- 
tation, metallurgy, energy studies and el 


tending to Swansea on orie e side and Ch 
tenham on the other, Professor 
claims, will bolster work. in new. tec 





nology, in microelectronics, digi! 
computers and robotics.. ; 
The working party is due to report. on its 
consultations with the architects early this 
month. If the plans go ahead, construction 
will inevitably be delayed until 1987. It is 
hoped, however, that the integrated faculty 
of engineering will be able to move into its. 
new premises by 1990. Centralization of 
the other departments will take place over 
the following five years. Hugh Barnes 



















oni Coe 
and Development (OECD) included a com- 
_ ment that “‘in the United States, Germany 
and France government spending on 
agricultural research and development is 
around one per cent of value added in the 
ndustry. The percentage . . . rises to 
over two per cent in the United Kingdom”. 
_ The-same point has been taken up in the 
latest Annual Review of Government 
Funded R & D°. 


(£ million) 


“Trem 






































Total agricultural R & D 15 


A histogram is shown for France, Ger- 
any, Italy, Japan, the United Kingdom 
the United States and it is suggested 
‘that the UK spends, in GDP [Gross 
omestic: Product] terms, more than the 
ther countries on agricultural R & D”. 
‘ombined with an earlier statement that, 
even if such indicators do not of rane 
rovide a basis for judgement, they do “‘i 
icate where questions over the balance of 
xpenditure might be asked”, it would 
em that publicly-funded agricultural 
earch and development.in the United 
ngdom may now face yet another round 
f severe cuts. 
How. valid is this interpretation of the 
OECD indicators? An analysis based on 
stat data? for countries of the Euro- 
pean Community suggests a rather dif- 
erent view. Essentially, the Eurostat data 
e from the same primary sources as 
e OECD indicators and can be reconcil- 
„with them. The categorizations they use, 
ever, enable a broad summary of 
agricultural research and development to 
be made (Table 1). 
The OECD data are confined to item 1, 
“agricultural productivity and 
‘technology’. A more realistic estimate 
“emerges, however, if, after eliminating a 
“minor amount of fishery research and 
. development, the national efforts on food, 
‘fagronomic research’’ and ‘‘bioscience”’ 
< {which must include biotechnology) are in- 
cluded. The reasons for doing so are as 
ollows. 
Food research i is normally reckoned 
of the remit of publicly-funded 


agricultural research and development but 
it can be argued that fishery research 
should not be. What is labelled as ‘‘agro- 
nomic” research in Table | derives from 
the collection of data on financial support 
for institutions rather than subjects; 
research from general university funds is 
shown under a separate category (promo- 
tion of knowledge) but this is then sub- 
divided by subject area, one of which is 
agronomic research. Because, in West 
Germany especially, much agricultural 


“Table 1 Expenditure on agricultural research and development in European Community countries (1981) 





Category Ireland Denmark Belgium Netherlands France UK Italy West 
Germany 

Agricultural productivity and 

technology iB 13 15 48 143 129 34 78 

Fishing and fishery products 2 (i) l 1 13 7 1 6 

Net agricultural productivity and 

technology 9 12 14 47 130 122 33 n 

Food, drink and tobacco 2 qa) 2 (4) 18 3 5 10 

Agronomic research l {4} 7? 13 4 4 28 89 

Bioscience (3) (4) 19 (il) 58 3 20 61 
21 42 75 210 169 86 232 


Values in:parentheses inferred by interpolation on a £ per head basis. 


research is carried out in universities, this 
effort fails to be captured by the OECD in- 
dicators. As is evident from Table 1, the 
effect is considerably to underestimate 
West German agricultural research and 
development. 

There is a similar problem with ‘‘bios- 
cience”, in that much UK non-medical 
work in this area is carried out in institutes 
under the general label of items I or 5. The 
UK bioscience effort in Table 1 is thus 
anomalously low, as will be evident to those 
familiar with this field. In a preliminary 
analysis, a temporary expedient is to count 




























“‘bioscience’’, for all countries, as 
agricultural research and development. 
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Fig. 1 Agricultural research and development for 
European Community countries relative to agricultural 
output and to population. The stippled area refers to 
bioscience. 











indicators are illustrated yt nsfer of 
funds in the “custömer-contractor” ar Ar 
rangements. Thëse were recorded as a rapid 
increase in expenditure on ‘agricultural’ 
productivity and technology”, a change 
which OECD itself pointed out was ‘“‘more: 
apparent than real”. 

Relative to agricultural output, the UK 
level of agricultural research and develop- 
ment does not now appear greatly in excess 
of the levels in other countries (Fig. 1). (Ita- 
ly is substantially below the others and does 
not provide an appropriate basis for com- 
parison with the United Kingdom.) 
Moreover, relative to population (which 
could be taken as a proxy variable for na- 
tional food consumption), the UK level of 
agricultural research and development is 
actually lower than in other Community 
countries. If substantial reductions were 
made beyond those already planned, the. 
United Kingdom would begin to fall. 
markedly behind the most important Com- 
munity countries. 

The whole subject needs wider and 
deeper analysis; meanwhile, the danger of 
putting too much reliance on empirical in- 
dicators is evident. In the end, agricultural 
research and development stands or falls 
by what it offers the nation; at a time when 
other countries are rapidly developing new 
technology based on biological resources 
(that is, agricultural research and develop-__ 
ment in the widest sense of the term’), it 
is disappointing that the Annual Review 
has failed to capture this spirit of 
enterprise. 















W.S. WISE. 

Agricultural and Food Research Conngit, sè 
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Scientists’ oaths? 
Sik — Jonathon Howard in his letter 
(Nature 8 November, p.96) is very flatter- 
ing to the medical profession, implying. aoo 
superior code of ethics. g 

While not denying this, T would point 
out that it is far- from routine for newly ue 
qualified physicians and surgeons in the.. 
United Kingdom to be required to swear = 
either the Hippocratic oath or have the, 
Geneva modernization. It would appear 
that the expectations of our peers are ad= 
equate to dictate our standards. 

Why should the same not be true for 
scientists? 3 

CHARLES CLAOUE™ 


University of Bristol, 
Department of Ophthalmology, 
Bristol Eye Hospital, 


Lower Maudlin Street, 
Bristol BS1 2LX, UK 





‘Squarks and strings more real 





S Theorists may already have an accommodating theory. 


THESE are heady days for particle physics. 
Hardly a week after Dr Carlo Rubbia of 
CERN had been in Stockholm to collect his 
‘Nobel prize for discovering the W* and Z° 
“particles, which mediate the weak nuclear 
.. force, he paid a flying visit to a meeting at 
the Rutherford Laboratory near Oxford to 
describe preliminary evidence that the 
same UA1 experiment may have revealed a 
: counterpart of ordinary matter called 
_o“‘supermatter”’, in which “matter” (such 
as electrons) and “radiation” (such as 
‘ photons) exchange roles. 
Many theorists would dearly like to 
“believe Rubbia’s evidence. For example, 
John Ellis, also from CERN (the European 
Organization for Nuclear Research near 
- Geneva), where Rubbia’s UA1 experiment 
-is taking new data on high energy proton- 
antiproton collisions, has risked a bottle of 
“wine in a wager with US theorist Sydney 
+- Drell that supermatter will be discovered by 
_ next July. Rubbia himself was last week 
more cautious. Other mysterious events at 
the CERN collider have sunk under the 
-flood of new data taken in the past three 
months, he explained. But certain 
“monojet’’ (now “‘bijet’’) events, with 
large amounts of missing energy, persist, 
< cannot be explained as experimental arte- 
facts but.can be interpreted as evidence for 
the creation and decay of superparticles. 
The UAI detectors around the proton - 
antiproton collider at CERN have just 
come to the end of arun, but it is clear from 
“what Rubbia said two weeks ago that there 
is still a. great deal to be quarried from the 
_ data already collected. 

Rubbia hopes to be able to make a more 
confident statement on these events early in 
the year. Whether his group has truly 

found supermatter or not, what has the 
theoreticians agog is that it is already 
predicted by theories based on the idea of 
“‘supersymmetry’’, which endows every 
‘fundamental entity with a counterpart with 
contrasting quantum statistics. Familiarly, 
electrons with Fermi statistics obey Pauli’s 
exclusion principle, making chemistry 
possible. Photons, on the other hand, have 
_Bose statistics, which allows many photons 
__toexist in the same state, and makes intense 
iH light. beams and electromagnetic fields 
possible. But superelectrons (séelectrons) 
would havé Bose statistics, while super- 
photons (photinos). would be. fermions. 
Quarks (fermions) would be partnered by 
squarks (bosons), gluons (bosons) by 
-gluinos (fermions), and so ‘on. 
Since supermatter seems not to exist at 








low energy, theorists have hitherto 
assumed that the supermatter counterparts 
of ordinary particles have large masses. But 
theory has been able to put only vague 
limits on the masses of superparticles. One 
interpretation of Rubbia’s events, 
compatible with these limits, is that he is 
creating 40-GeV squarks, paired with 
40-GeV antisquarks, each of which decays 
into an ordinary quark (or antiquark) anda 
photino. The photinos interact only weakly 
with ordinary matter, and carry off the 
missing energy which is now thought to 
characterize the special UA! events. The 
quark and antiquark would each make 
‘*jets’’ of hadronic matter. 

Ellis had already predicted that, if 
squarks have a sufficiently low mass to be 
produced at UAI, the detector should see 
pairs of jets plus missing energy. His diffi- 
culty had been that Rubbia’s early data had 
shown only single jets. Now, however, 
Rubbia’s group is finding bijets — news 
that delighted Ellis, who heard it for the 
first time at the Rutherford meeting. More- 
over, the UAI group can now interpret the 
early detection of monojets as an artificial 
experimental bias against bijets. For 
example, many of the early ‘‘monojets’’ 
can be seen, on closer inspection, to have 
had other jets associated with them which 
were eliminated by a computer code 
deliberately designed to ignore jets below 
12 GeV total energy. 

As if the potential discovery of super- 
matter were not enough, Michael Green of 
Queen Mary College, London, introduced 
at the meeting a theory he has developed 
with John Schwartz of the California 
Institute of Technology that describes 
particles as massless relativistic ‘‘super- 
strings’’. Superstrings are entities in ten 
dimensions (nine space-like, one time-like) 
which are expected to behave like ordinary 
particles when the ten dimensions are 
collapsed to four, but whose characteristic 
properties derive from the six hidden 
dimensions. ; 

For the past several years, theorists have 
been toying — and more than that — with 
particle theories written.in more than four 


dimensions: One fashion, for example, has 


been a sequence of theories in eleven 
dimensions, in which the extra. seven 
dimensions are supposed at the outset to be 
closed on themselves with a. certain 
characteristic scale. The. properties of 
particles in the real. world can then be 
recovered as the bubble of non-existent 
space shrinks to nothing, like the smile on 








- Particle Physics is again in turmoil. Experimentalists believe they may have new phenomena to describe. 


the face of a Cheshire cat. The advantage is 
that manipulation in many dimension: 
may be easier than in a mere four, 

The theory has already chalked up con 
spicuous successes, notably the accola 
from Professor Edward Witten 
Princeton that the theory is “‘stunning 
One of its results is a simple relati 
between the gravitational constant and t 
gauge coupling constant (the ‘‘charg 
which describes the fundamental stren 
of electromagnetic, strong and weak 
forces) of the form 

= constant. g?. T i 
where xis the Newtonian gravitational co 
stant, g the gauge coupling and T (t 
tension in the fundamental string) is t 
only adjustable constant in the theory. T. 
link is related to the simple fact that in 
theory nongravitational forces are caus 
by the exchange of open-ended strings, ar 
gravitational forces by the exchanges 
closed loops. The existence of one kind: 
force implies the existence of the other 

Superstring theory is supersymmetric 
there would be no conflict with the d 
covery of supermatter), but the re 
reasons it has caught attention are its l 
with gravity, its apparent consistency | th 
quantum mechanics and its apparent. n 
uniqueness. 

Green and Schwarz’s supersttings: ina 
ten-dimensional space-time have the 
further advantage that they are inherent 
chiral, which means that they can describe 
parity-breaking, an essential for any théo 
meant to accommodate the weak: inte! 
action, asa truly unified theory of 
forces must. 

Here lies one of the “miracles”? of t 
theory, as Green describes them. Exis 
grand unified theories are plagued 
“‘anomalies”’ in charge conservation wh 
they are quantized; the theories are co 
structed to conserve charge, but: ‘when 
certain simple interactions of particles a 
calculated, it turns out that charge con 
vation is violated, in most chiral versions of 
the theories, unless certain unnat 
coincidences are assumed to‘occur. But 
Green and Schwarz’s superstring theory 





¥ 
“the anomalies cancel each other naturally; — 
“moreover, this cancellation involves the — 
exchange of loops, which is another way of 
saying that gravity is intimately involved. 


The hint, therefore, is that the long-sought 


quantum theory of gravity may also be . A 


hidden in the theory. It is no wonder that 
strings are suddenly so fashionable. 


Robert Walgate 





































































from Mark Westoby 


C IN THE years between sabbaticals, the 
‘thinking of Australian ecologists can 
become developed — fixed, even — to the 
point where their ideas cannot be driven 
xtinct just because they are inconsistent 
vith what the fashionable majority in the 
‘northern hemisphere thinks. That is one 
possible reason why there have been so 
any influential Australian ecologists. But 
nother possible reason is that Australian 
ecosystems are themselves different; to 
tave experienced them is to know that the 
extbooks. are wrong. Last year’s sym- 
yosium: of the Ecological Society of Aust- 
ia* was on that theme. 
` A central question in ecology is whether 
he general properties of assemblages of 
‘organisms are determined by the present- 
lay environment, or whether they vary 
_idiopathically depending on accidents of 
‘the biota’s evolutionary history. Can 
ecologists understand ecosystems, or do we 
have to hand the job over to palaeon- 
‘tologists? Because Australia’s biota has 
such a separate evolutionary history from 
he rest of the world, comparisons between 
Australia and elsewhere are natural experi- 
ments on this issue. 
Many contributors at the meeting con- 
Juded that Australian assemblages are 
ifferent:— but that the differences arise 
from under-appreciated special properties 
of the Australian environment, not from 
volutionary history. For example P.S. 
Lake (Monash University) pointed out 
hat the eucalypt leaf-fall, which drives the 
food-chains of forest streams, arrives 
luring summer while the water is warm, 
instead of being concentrated in autumn. 
A.V. Milewski and R.M. Cowling (West- 
ustralian Institute of Technology) 
ompared sclerophyll scrublands in 
western Australia and South Africa, look- 
g at. vegetation on several soil types 
within each continent. Features such as 
_ pollination and seed-dispersal spectra, as 
‘well as plant growth forms and leaf shapes, 
ere influenced by soil type. Therefore 
comparisons between continents ideally 
need to be on precisely matched soils — but 
different continents might not contain 
precisely matched environments. R.J. 
Whelan (University of Wollongong) con- 
frasted regeneration after fire in Florida 
“and western Australia. In western 
Australia, many species have their dor- 
mancy broken by fire, and early regen- 
eration is a flush of seedlings. In Florida, 
early regeneration is all vegetative, leading 
o flowering, production of non-dormant 
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How different are Australian 
ecosystems and ecologists? 


seeds, and a flush of seedlings in the second 
year. Whelan argued that reliance on seeds, 
which are made germinable by fire, is only 
possible when a reliable rainfall season 
follows the fire season, as in western 
Australia. 

Conclusions of this type are congenial 
for Australian ecologists: they mean that 
more research is needed in Australia. 
Nevertheless some ecologists were willing 
to emphasize how similar assemblages on 
different continents could be once one 
looked behind the taxonomy. B. Rice (un- 
affiliated) summarized patterns of local 
richness in plant species. The same veget- 
ation types that are rich in species on one 
continent can be poor on another. Avail- 
able data do not show any clear difference 
in species richness between different con- 
tinents within a vegetation type. Present- 
day environment therefore seems to be a 
much more important influence than evol- 
utionary history on local richness in plant 
species. Several contributors described 
cases where they believed evolutionary 
history had made a fundamental difference 
to Australian ecosystems. For example, 
P.C. Heyligers (CSIRO) and J.D. Sauer 
(University of California, Los Angeles) 
independently proposed that Australia 
lacked an effective sand-binding plant on 





England) sugges ec at bird pollination 
was common in Australia in compensation 
for the lack of social bees. 

Methodology loomed large. It had, for 
example, been thought that insect herbi- 
vores take a larger proportion of leaf pro- 
duction in Australian forests than else- 
where. C.D. Ohmart (CSIRO), for euca- 
lypt forests, and M. Lowman (University 
of New England,Armidale), for rain 
forests, argued that this was an artefact of 
using different or poor methods. A.J. 
Underwood and P.G. Fairweather (Sydney 
University), drawing on case histories from 
the study of intertidal communities, illust- 
rated how different conclusions can flow 
from differences in study design or in the 
attitudes of investigators. 

An unusually wide range of organisms 
and enviroments were considered at the 
meeting. This made it possible to go be- 
yond a simple ‘yes’ or ‘no’ to the question 
of whether ecosystem properties are con- 
vergent. It seems clear that many ecosystem 
properties do converge, provided the en- 
vironments are similar. But some quite 
subtle differences between environments 
can be important, and we are beginning to 
learn what differences to look for. And just 
occasionally, as in the case of plants that 
bind sand into foredunes, the presence or 
absence of an organism with a particular 
way of life can result in fundamental 
changes for the rest of the ecosystem. oO 





Mark Westoby is in the School of Biological 
Sciences at Macquarie University, North Ryde, 
NSW 2113, Australia. 





Evolutionary biology 


Group selection and the sex ratio 


from Paul H. Harvey, Linda Partridge and Len Nunney 


A DEEPER understanding of evolutionary 
processes often comes from looking at the 
same problem in more than one way’. One 
problem that has benefited from this ap- 
proach is that of explaining the female- 
biased sex ratio often found in hymen- 
opteran (bee, ant, wasp) and mite popu- 
lations?“. 

In 1967, W.D. Hamilton pointed out 
that an unequal allocation of parental re- 
sources to sons and daughters should 
evolve under certain population struc- 
tures?. He produced a simple model to 
illustrate the process. Consider a popu- 
lation: consisting wholly of fertilized fe- 
males that come together in groups to lay 
their eggs. The young from the several 
clutches laid together mate randomly 


-among themselves before the males die 


and the females. disperse to form the new 

population in the next generation. Under 
those circumstances females investing 
either equally in sons and daughters or 
more in sons than in daughters would leave 





fewer offspring than those producing an 
appropriately female-biased sex ratio. 
Hamilton? suggested that a female- 
biased sex ratio was favoured because of 
competition for mates among siblings. of 
the same sex — ‘local mate competition’. 
In practice, sons are morelikely to compete 
for mates than are daughters, because the 
reproductive success of a daughter is often 
limited by the number of eggs she can pro- 
duce, whereas that of a son is limited by the 
number of mates:availableto him. If the 
sons of a single female compete with each 
other for mating opportunities then, for 
example, an isolated female need only pro- 
duceasingle son, provided that heis ableto 
fertilize all of his sisters. The production of 
additional sons is wasted because they do 
not produce additional grandchildren, 
whereas-additional daughters do, because 
production of grandchildren is essentially 
limited by eggs and not sperm. The expec- 
tation of a female-biased sex ratio holds in. 
Hamilton’s model even when more than 















_ one female contributes sons and daughters 
-to each mating group i 
-Thereafter Taylor* and more recently 
Grafen’ have argued that not one but two 
proc ses are involved in producing the 





: duced | per son decreases with the number of 

in the brood. Second, females that 

produce more daughters can increase the 

_ reproductive success of their sons because, 

“for example, the sons can mate with their 
additional sisters. 

Modifications of Hamilton’s original 
model, where either sib-mating is pre- 
„vented or the number of offspring pro- 
‘duced per son does not increase with addi- 
“tional sons, provide support for the view 
< that<there are indeed two processes at 
~-work®?8, Furthermore, Maynard Smith® 
has developed a model in which both pro- 
cesses are prevented. If females lay all of 
- their daughters in one patch but each of 
< their sons in a separate patch, the patch 
structure of the model is maintained, but 
the evolutionarily stable sex ratio is not 
biased towards sons or daughters. 

Between them, these models, seem to il- 
lustrate a complete explanation of female- 
biased sex ratios in Hamilton’s original 
~umodel. Colwell, however, has argued that 
group selection is necessary to account for 
‘the: biased sex ratio®. Group selection 
models have played an important role in 
“evolutionary biology! following Wynne- 
: Edwards’s suggestion that population den- 
many ‘species are held in check by 
o ntary foregoing of breeding ''. This 
ois done for the good of the local population 
` (the group), preventing their overcropping 
of renewable resources. Wynne-Edwards’s 
type of argument was countered by model- 
ling subdivided populations containing 
* both altruistic and selfish individuals'?!’. 












Population structure envisaged under models of 
oA trademic group selection. Aglobal population 
(the deme). divides into groups (trait groups) 
¿where selection acts before the global popu- 
dation is reconstituted, Trait groups can be 
: short-lived or they can. last for many gener- 
ations®. Thereby one allele (-) of a gene can be 
selected against inmixed groups but nonetheless 








“-sinerease in’ frequency across. the: population 


‘compared with another allele t +): 





| Selfish individuals produce more offspring ; 


than altruists, but to the detriment of their 
group which either goes extinct or has re- 
duced productivity. Because they are selec- 
ted against within a mixed group but are 
favoured by selection among groups, genes 
for altruism can only increase in frequency 
by group selection. So long as there is at 
least limited migration of individuals bet- 
ween groups, individual selection within 
groups is a much stronger evolutionary 
force than inter-group selection '*. 

A slightly different type of population 


Type of female H H 
No. of 
offspring 
Grandchildren 
per child 4 12 
Total 
grandchildren 


32 16 39 1d 
4+12 


12412 12+12 


32 8 2928. 228 R 
467 4 67 4 4 44 
1246.7 8 +13.3 8+8 848 


















ducing more daughters not only generat 
more mating opportunities for their sons 
(by both of the effects described by Taylor 
and Grafen) but also generate more matin: 
opportunities for the sons of other female 
in the group. By producing a biased se 
ratio, a ‘Hamilton’ female increases her 
own absolute fitness less than those of 
other group members who do not bias thei 
sex ratios. This is not altruism because th 
‘Hamilton’ female does not suffer. any 
costs in terms of the number of. grand 

children produced. In fact she produces 


H F F Foe 


a a cr a 
Fertilized females from a large population randomly assort into groups of two. Each has 4 offspring 
‘Hamilton’ (H) females produce three female and one male, while ‘Fisher’ (F) females produc 
two of each sex. The offspring mate within the group. Each female offspring will have four childre: 





The reproductive success of male offspring is determined by how many mates are available within. 
the group and how many other males are competing for those mates. (From ref. 1). b3 


structure was described in a series of papers 
published in the 1970s (ref. 15). The global 
population (deme) divides into groups 
(trait groups), within which selection oper- 
ates and from which individuals disperse to 
reconstitute:the global population (see 
figure). Intrademic group selection will 
result in an increase in the frequency of a 
gene a if selection in mixed groups favours 
the alternative allele b; nevertheless, a 
increases in frequency in the global popu- 
lation. The two most likely reasons for this 
are trait groups arising by non-random 
sampling from the global population or 
non-additive fitness interactions among 
individuals with different genotypes'. 

Colwell’s claim that group selection is 
responsible for female-biased sex ratios is 
based on two facts. First, females pro- 
ducing young with the evolutionary stable 
(‘Hamilton’) female-biased sex ratio in- 
crease in frequency in the global popula- 
tion more than do females producing a 
non-biased (‘Fisher’) sex ratio. Second, in 
mixed groups containing both ‘Fisher’ and 
‘Hamilton’ females, the ‘Fisher’ females 
produce more grandchildren than the 
‘Hamilton’ females, as illustrated in the 
table. Since the population structure is as 
shown in the figure, this is a clear example 
of intrademic group selection. 

An important feature of the table is that 
although relative fitness (as measured by 
the number of grandchildren produced) in 
mixed groups is higher for a foundress 
playing the ‘Fisher’ rather than: the 
‘Hamilton’ strategy, it nonetheless pays to 
play ‘Hamilton’ rather than ‘Fisher’ 
against either strategy. Whether a found- 
ress ends up in a group with a ‘Fisher’ ora 


‘Hamilton’, she will produce more grand- | 


children if she plays ‘Hamilton’ thanifshe 
plays ‘Fisher’. ‘Hamilto: 
evolutionarily stable: 








io. Neverthe- 








less, the group productivity approach to 


the problem reveals that foundresses pro- 








, after all, the 













more grandchildren than if she herself h 
played the ‘Fisher’ strategy (see table). 

The intrademic group selection ap 
proach adds a different perspective to pre 
vious discussions. For example, in Hami 
ton’s model, it seems that the differentie 
productivity of groups is always involv: 
the evolution of female-biased se 
ratios®'*!7_ However, the female-bias 
sex ratio can evolve in the absen 
crete groups, if there is a tendency fi 
mate competition to occur in a-g 
population with females distributed o 
spatial continuum!*, The need to di 
tinguish actions performed for the good of 
the group from those that. favour th 
individual is less relevant here than the nee 
to realize that the spread of a gene depend 
on its fitness ‘‘relative to others in th 
breeding population, and not to others 
with which it happens to interact”. 
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from John Fletcher 










‘LYING close to entrances from the Baltic 
to the Gulfs of Bothnia and Finland, the 
and islands. have played the role in the 
Baltic that Malta has played in the Mediter- 
ranean. The massive castle of Kastelholm 
on the main island was already of strategic 
importance in the 14th century. Now its im- 
ortance is more to archaeologists, includ- 
ig those at a recent conference” held in 
Mariehamn, the main town of the auto- 
omous province of Aland. 

-The granite promontory on which the 
castle stands was originally surrounded by 
palisade of pine stakes. Most of the stakes 
that still exist are medieval and so of great 
terest to dendrochronologists in a region 
at is beyond the habitat of oak. To form 
pine chronologies for Aland, L. Lépstrand 
(Tree-Ring Laboratory, Uppsala) has used 
ot only the palisade stakes but also boards 
and planks from the castle itself and 
churches on the islands. Elsewhere in the 
orth and east of Scandinavia, mediaeval 
excavations at Trondheim, Bergen and 
Oslo, in Norway, have provided T. Thun 

; p ical 





























ormed by T. Bartholin (Institute 
a Anatomy, Lund) goes back to 


r as AD 436. 
andinavian pine-ring dendo- 


3 op t that each chronology 
ional and confined to small 
+ it was thought even to the Aland 
islands themselves — persists in Scand- 
navia and has delayed progress in dating 














established between the 
‘growth of oak in certain periods in south- 
ern England and Denmark. For Aland and 
southern Finland, the medieval pine chron- 
Ology from AD 884-1462 formed by B.A. 
Kolchin (Soviet Archaeology 1, 113; 1962)t 
from multilayers of the mediaeval wooden 
‘pavements of Novgorod (2,500 samples in 
1961) may prove useful because trees from 
“forests many hundreds of kilometres apart 
show the same ‘thin-ring’ characteristics. 





*The. 3rd Nordic. Conference on “The Application of Scientific 
Hethads to Archaec Marichamn, & ~ IE October, 1984, 


translation. in 1 Fletcher LM- a Linnard w, Russian 
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VOR 1970. £972, 124 (Oxford Universiiy 197 





Also of considerable interest at the 
meeting was some information on the diet 
of prehistoric man derived from stable iso- 
tope analysis of bones of Danish skeletons 
(H. Tauber, National Museum, Copen- 
hagen). For northern latitudes, the de- 
crease in the ratio of VC to '°C when car- 
bon dioxide enters the ocean is substantial- 
ly less than when it is assimilated into plants 
via photosynthesis, so a fish-based diet can 
be distinguished from a plant-based diet or 


yoe culture, almost no fish was. 
‘consumed but subsequently fish played.a 


















large part in the diet (so Tauber refers 
to the ‘hunter’ and ‘fisher’ Stone Age 
periods). Nitrogen isotope ratios (°N/!4N) 
confirm the results from carbon, isotope 
analysis. (E 
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Palaeontology 


Ammonoids and extinctions 


from Digby J. McLaren 


SPECULATION on causes of extinctions in 
the geological past dates back to the early 
days of geology when Cuvier’s catastro- 
phic model was replaced by Lyell’s gradua- 
lism, giving rise to Whewell’s derisory term 
“‘uniformitarianism’. Today several imme- 
diate causes are fielded, both gradual and 
sudden, and there is a considerble degree of 
polarization among their protagonists. 
Because of the nature of the fossil record, 
most hypotheses are concerned principally 
with marine faunal extinctions, although 
they may be generalized to the land and the 
plant kingdom. They include climatic 
change!, anoxic oceanic events’, eustatic 
events, either a fall’ or a rise? in sea level, 
and large-body impacts*-’. It seems 
increasingly likely that a variety of 
mechanisms, acting singly or severally, 
have caused environmental change leading 
to extinctions at different times in Earth 
history. Furthermore, confusion between 
conflicting hypotheses arises through 
failure to distinguish between immediate or 
proximate causes and the three possible 
ultimate causes: internal terrestrial effects 
(for example, mantle movements), orbital 
and solar changes, and random or episodic 
meteoroid or cometary impacts. 

On page 17 of this issue,M.R. House has 
used his knowledge of the Ammonoidea, 
an extinct subclass of the cephalopods, in 
an attempt to use evolutionary changes asa 
‘bioseismograph’ to detect events causing 
environmental change’. He considers eight 
extinctions over a selected period of ~ 30 
Myr from the Lower Devonian to the base 
of the Carboniferous. He recognizes a se- 
quential pattern in each of these events — a 
decline in diversity and an inferred reduc- 
tion in biomass, followed by appearance of 
new forms, increase in diversity and the re- 
establishment of normal evolutionary 
trends. Interestingly, similar patterns have 
been reported for extinctions of other 
groups including trilobites in the Cam- 











brian, mammal-like reptiles from Car- 
boniferous to Trias'', and Foraminifera at 
the beginning of the Paleocene'2, as well as 
the abrupt extinction and slow subsequent 
re-establishment and radiation of most 
corals and brachiopods after the end of the 
Frasnian ?.!4 (which House calls the Kell- 
wasser event). 

The eight extinction events differ in. 
degree. Some are now recognizable only by — 
detailed changes in ammonoid develop- 
ment; three are large and known to affect 
many unrelated groups: 

(1) The Taghanie event, which marked © 
the end of the Givetian (according to estab- 
lished general usage — House rightly de- 
plores the changes made by the. Devonian 
Subcommission'*), was a major. extinc- 
tion, particularly well defined by marked _ 
changes in the ammonoids. It represents 
the beginning of the end of th eastern 
North American faunal province, oe 

(2) The Kellwasser event (the name 2 OF : 
which is, in my opinion, unfortunately 
chosen for a world-wide extinction at the 
end of the Frasnian). Space does not allow’. 
development of the argument, but 
Walliser* and House'* himself have shown: 
that euxinic black shale deposition, which 
marks the beginning of this event in” 
Germany, began before the end of the _ 
Frasnian. Typical Frasnian corals and 
brachiopods flourished in other parts of 
the world, for example Alberta and north- 
west Australia, and became extinct at 
about the end of the Paimatolepis gigas 
conodont zone. The Famennian fauna 
the early Stage was depauperate and mar- 
kedly different, and the Stage saw the slow. 
development of new radiations in several 
groups that were the precursors.of the Car- 
boniferous fauna. Recently. an iridium 
anomaly has been discovered in-the Upp 
Devonian of the Canning Basin, north 
west Australia, at the horizon. of the late 
Frasnian extinction event”, Although the — 









































< Jess the anomaly suggests the possibility 


that a meteroid impact or major volcanic 


-in toward to the synchronéity of the 
terms of conodont zonation. 


uxinic black shale event in Europe that 
‘caused a relatively extended decline and ex- 
_-tinctions which included the end of the 
+ peculiar Devonian ammonoid group, the 
clymeniids. The coral and brachiopod 
“ faunas of the late Famennian are neverthe- 
Jess more closely related to succeeding Car- 
boniferous forms than to any previously 
existing in the Frasnian. 

While House? suggests that the events he 
describes may have a eustatic or euxinic im- 
mediate cause, he is prepared to speculate 
on the possibility of various ultimate 

„causes. Recently he has published on 
‘Devonian eustatic events, and has attempt- 
ed to recognize rhythms and cycles in the 

New York Devonian and their correlates 

across the Atlantic, based on sedimento- 

logical and biostratigraphical data'*. In the 
current paper, he finds that facies micro- 
rhythms may, in some instances, be cor- 
related with Milankovitch cycles of the 
order of 100 Kyr. Other possibilities, 
_ including climatic change and carbon vari- 
ations, would seem to make a simple rhyth- 
mic: interpretation for all the observed 
nlikely. Nor is it easy to decide if 
le periods are involved. At least 
some of the events described by House do 
“not seem to be regularly spaced and there is 
variation in the magnitude between them. 
He notes recent ideas linking periodicity in 
extinctions with rhythmic episodes of en- 
-hanced meteoroid or cometary impact, but 
he concludes that, at least in the Devonian 
id Carboniferous, rhythms and events 
exhibit periodicity. His evidence 
nore complex scenario and he 
es that thorough investigation of 
the type of events he describes might lead to 
an accurate chronology and ultimately to 
_ an objectiveglobal time scale. Oo 
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from John A. Gatehouse and Donald Boulter 


PRODUCTION of seed proteins by the 
enzymatic cleavage of precursor molecules 
into their component parts is common 
place. But on page 64 of this issue, D.M. 
Carrington, A. Auffret and D.E. Hanke 
make the provocative suggestion that con- 
canavalin A (con A), a seed protein of jack- 
bean (Canavalia ensiformis), is produced 
by the rejoining, in transposed order, of 
the two main cleavage products of its 
precursor'. 

Con A belongs to the class of carbo- 
hydrate-binding proteins known as lectins. 
These are specifically accumulated in the 
seeds of many plants, although usually toa 
lesser extent than the storage proteins, and 
may function in the defence of seeds 
against insects and other predators. Lectins 
have been purified from a range of legume 
seeds and a considerable body of data has 
shown that the lectins of pea, broad bean, 
lentil and related species have highly 
related amino acid sequences. The se- 
quence of con A is also related if a circular 
permutation of sections of its sequence is 
taken into account*?. Specifically, pea 
lectin is synthesized as a precursor 
containing a leader sequence, followed by 
its 187-amino acid Psubunit and then its 
58-amino acid a subunit‘, whilst con Aisa 
tetramer of a 237-amino acid polypeptide, 
of which amino acids 1-118 are homo- 
logous to 105-240 of pea lectin, and amino 
acids 119-237 are homologous to 1-105 of 
pea lectin (see figure). 
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Schematic structure of con A (a), pea lectin (b) 
and the suggested con A precursor (c). 
Corresponding regions are in the same shade. 
Numbers refer to amino acids. 





Enzymatic cleavage of con A between 
amino acids 118 and 119 (ref.5), and 
possibly at other positions toot, has 
seemed to be a slow, but natural, mod- 
ification, accounting for the frequent iso- 
lation of the two fragments of the lectin. 
But Carrington et al. now present evidence 
that the cleaved fragments are, in fact, 
precursors to a 237-amino acid protein that 
is formed by polypeptide ligation. (The 
isolation of fragments is thus ascribed to 
incomplete ligation). This interpretation 
is based on the isolation of a jack bean seed 
cDNA (produced from mRNA) that seems 
to contain the complete con A coding se- 
quence but rearranged in way that makes 
it similar to the sequence o pea lectin (see 
figure). Specifically, the cDNA encodes a 

29-amino acid leader sequence, followed 





“| Seed protein construction 















by amino acids 119-237 of con A, a: 
1S-amino acid ‘linker’ peptide, amino 
acids 1-118 of con A, and a 9-amino acid 
carboxy-terminal peptide. To produ 
concanavalin A from this precursor would 
require at least four proteolytic cleavages 
and the ligation of the 1-118 fragmen to 
the 119-237 fragment. At least one further 
proteolytic step must be involved, since 
form of con A isolated: from immatur 
seeds contains an extra four amino. 
corresponding to the last few of the 
fragment at its amino-terminus. In a 
dition, the linker fragment carries a 
glycosylation site, so that the precursor is 
probably glycosylated whereas con A self 
is not. 
Most of this sequence of events is n 
unreasonable when compared to th 
synthesis of other seed proteins, par 
icularly since, as with other legume seed 
proteins’, all the proteolytic cleav 
(except that of the leader sequence) occur 
on the carboxy-terminal side of asp: 
gine. But the postulated final ligation step 
is unprecedented and should be trea 
with caution. Is it possible that Carring 
et al. have sequenced a cDNA. 
ing not to con A but to a related 
to a precursor that. gives | 
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as another cDNA. encod 
subunits? The authors thin 
claim that only one con Ag 



















predicted by the cDNA 
detected in vivo as a 
antigenically-related to con A, and can b 
shown to give rise to all the con‘A polyp 



























ligation enzyme? One suspects this syste 
still has a few tricks up its sleeve. 
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NE of the major obstacles to agreement 
n a comprehensive test ban treaty (CTBT) 

clear explosions is the concern about 
sation’ — that is, the ability to detect 
ify clandestine explosions. There 
a continuing debate among 
gists about the possibil- 
m-through a network of 
ions located entirely outside 
ion, but the consensus is that 


ough many contentious issues about 
umbers, locations and design of 
tions remained unresolved when 
iations went into recess in 


ations is that they increase the net- 
k sensitivity; that is, they lower the 
eshold for'detection of small events (or 
small signals from disguised explosions). 
Seismologists have developed simulation 
‘ograms that map the detection threshold 
or different seismic network configura- 
jons!-2, and the output of these programs 
depends on assumptions about signal 

amplitude decay as a function of distance 
i bout the ambient ‘noise’ level at the 
ns (detection is essentially a function 
nal-to-noise ratio). Seismic noise 
und motion background, out of 


aries from region to region and site to 
e, actual data are needed to estimate the 
vise background even to within an order 
of magnitude, but there is an immense lack 
f reliable data from within the Soviet 
Union. In a report’ published in 1984, 
P.W. Rodgers and A.J. Piwinskii of 
< Lawrence Livermore National Laboratory 
have compiled the best available noise in- 
formation from the Soviet literature. 
o ‘The report includes an appendix with 
brief summaries of the twenty publications 
found to contain relevant information. 
Unfortunately, only a few of these give any 
useful data, and the data are very difficult 
ñterpret because there is little descrip- 
tion of how the noise measurements were 
made. (Attempts to resolve the problems 
by correspondence met with no success.) 


graph by Rykunov’ which gives 
estimates at.4, 5, 6 and 7 second 
for 3 x 410° km? quadrangles 





he most useful data on noise were found- 


noise and a test ban 


covering the entire country. Since the 
monograph does not say how these num- 
bers were determined, Rodgers and 
Piwinskii assume they are spatially and 
temporally averaged peak-to-peak 
amplitudes in micrometers. Furthermore, 
the character of the tabulated values sug- 
gests that they are based on some interpola- 
tion or smoothing of values determined 
from seismograms recorded on paper. The 
most useful data from the internal stations 
are likely to be at frequencies of 1 Hz and 
more, so the most relevant results in the 
report appear on the I-second noise map 
(reproduced here). The map was obtained 
by extrapolating from the Rykunov values 
at 4, 5 and 6 seconds, which is not an 





unreasonable procedure given the paucity 
of the information, but is certainly 
controversial. 

The map seems to represent the best 
noise data available from within the Soviet 
Union but, unfortunately, will be of little 
help in making confident estimates of the 
ability to verify a CTBT. One reason is that 
the map gives so little information: very 
large regions are represented by a single 
value and we can only guess what this value 
actually means. Beyond that there are some 
surprising features of the map that are dif- 
ficult to believe without corroborating evi- 
dence, For example, the range of ‘average’ 
noise spans more than two orders of mag- 
nitude, much more than on apparently 
comparable maps of North America. Also, 
for huge areas, the average noise at one- 
second periods is less than 1 nanometer. 
Such a low level of noise has only been ob- 
served at specially selected sites in North 


-countries (including Iran, 





Turkey) are not so quiet. 

The difficulty of estimating noise levels 
is typical of those encountered in address- 
ing nearly all of the geophysical issues in- 
volved in estimating monitoring capabili- 
ties or in deciding whether or not Soviet 
explosions have exceeded the 150 Kt limit 
of the Threshold Test Ban Treaty. There is 
a vast open literature on nuclear explosions 
and earthquakes occurring in the United 
States and recorded at internal and external 
stations. Digital seismograms of such 
events and of station noise are openly avail- 
able from the US Geological Survey. In 
contrast, though the Soviet Union appar- 
ently has an extensive research programme 
in seismology, few results and almost no 
usable data appear in open sources. As an 
example, while many Soviet stations rou- 
tinely report the arrival time and amplitude 
of detected signals to the International 
Seismic Center in England, data on signals 
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from nuclear explosions are always deleted 

from the reports. Thus, as far asa CTBT is 

concerned, poorly supported assumptions 
based on data recorded outside the Soviet 

Union are required to estimate the potent- 

ial capability of stations within it. This is a 

major reason for the large differences in 

published estimates?" of how. effective 
such stations would be in assuring Western 
nations that the Soviet Union was actually 
complying with a comprehensive test ban 

treaty. a 
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Statistical structure 
_of geomagnetic reversals 





a from D.V. Kent 


REVERSALS of the Earth’s magnetic field 
have not occurred at a constant average 
-rate over the past 170 Myr!. Shifts in the 
"mean reversal rate at various times appear 
- to be separated by periods of tens of mil- 
~ lions of years in which the average rate of 
reversals. remains nearly constant. Con- 
‘clusions drawn from these and other statis- 
- tical properties of reversal processes have 
-been based on analyses of early versions of 
a the geomagnetic polarity timescale 
| (GPTS). More recent versions of the GPTS 
-o for the past 170 Myr incorporate a variety 
_ of new data from marine magnetic anom- 
< alies, magneto-biostrategraphic correl- 
ations and improved age calibrations, re- 
_ sulting in a new picture of the reversal be- 
» haviour of geomagnetic fields?-+, 
© McFadden and Merrill? have analysed 
the mean rate of reversals using a sliding 
` window with a fixed number of reversals. 
_.. This reveals an approximately linear trend, 
“increasing from less than one reversal per 
million years at about 86 Myr BP (just after 
© the 30 Myr interval of constant normal 
polarity in the Cretaeceous) to over four 
per million years for the past few million 
owrie first. arrived at a similar 
‘using a sliding window of fixed dur- 
nt. Then he and I documented such 
reversal behaviour in a different revised 
GPTS‘. McFadden and Merrill suggest a 
change in the structure of the rate vari- 
- ations at about 10 Myr BP, although it has 
been suggested** that several maxima in 
reversal frequency associated with an ap- 
-parent 15 to 20 Myr fluctuation are super- 
.-posed.on the long term linear trend. 
“The linear trend for the past 86 Myr is 
< suggested by McFadden and Merrill to be 
|, part of a broader structure of the variable 
` reversal process. The overall pattern seems 
to show a regular decline in reversal fre- 
< quency from 165-119. Myr BP, when the 
_ process evidently ceased. and the field re- 
. mained in the same polarity state for ~30 
Myr; then from about.86 Myr BP onward, 
field reversals again occurred at a gradually 
: increasing rate. The observed long-term 
“changes in mean reversal rate may rep- 
resent secular changes in conditions in the 
Earth’s core. McFadden and Merrill be- 
lieve that variations in the mean temperat- 
ure at the base.of the mantle over long time 
‘periods are the most likely cause of the 
changes. Their interpretation requires at 
least intermittent convection deep within 
the mantle and it suggests that temperat- 
ures at. the core-mantle boundary are 
highest during the long periods of constant 
polarity. 
.. Despite the various refinements made to 
‘the GPTS, a number of important prob- 









lems remain to be resolved before much 
confidence can be placed in our knowledge 
of the statistical structure of reversals. One 
long-standing but central issue concerns 
the presence or absence of short polarity 
intervals. It is clear that the distribution of 
observed polarity intervals is generally too 
deficient in short intervals for it to be fully 
compatible with either an exponential dis- 
tribution or a Poisson reversal process in 
which the probability for the next reversal 
to occur is constant with time. Instead, it 
has been shown?’ that a gamma 
distribution provides a good fit to the 
observed polarity intervals, at least for the 
past 86 Myr. 

In a companion paper to reference 3, 
McFadden argues that the observed dis- 
tribution embodies a Poisson process 
combined with a filtering process that 
preferentially removes the record of short 
polarity intervals, giving rise to the ob- 
served gamma distribution’. Accordingly, 
McFadden and Merrill calculate that the 
actual reversal frequency was 46 per cent 
higher than is observed, so that about half 
of the observed polarity intervals represent 
a concatenation of more than one int- 
erval of the actual reversal sequence; 
magnetostratigraphers, take note. The 
alternative is that short intervals seldomly 
occurred, This would imply a renewal 
process in which the probability per unit 
time of a reversal is not constant and that 
the occurrence of each reversal is not 
independent of earlier ones. 

Difficult though it is to obtain firm evid- 
ence of short polarity intervals, because 
they are at or below the threshold of 
resolution of most palaeomagnetic studies, 
it will be important to do so because of their 
dramatic effect on the statistics of geo- 
magnetic reversals according to our calcul- 


Molecular biology 


Sigma factors in 


from Andrew Travers 


SIXTEEN years ago, almost to the day, the 
discovery of a sigma initiation factor for 
the bacterium Escherichia coli was report- 
ed in Nature’. The factor is a polypeptide 
that binds to the enzyme RNA polymerase, 
conferring upon it the ability to initiate the 
transcription of certain genes. A con- 
glomeration of recent papers illustrates the 
striking ramifications of that initial report, 
making it clear that sigma factors are wide- 
spread among bacteria, and that they are 
related to the polypeptide which mediates 


‘Moreover, it becomes possible 






































ations‘, Small-scale marine. magnetic 
anomalies (‘tiny wiggles’) ha : 
observed over high spreading-tate 


wiggles’ are usually not jarkana 
in the GPTSS. If, however, tiny wiggl 
all taken to represent - 30 kyr pol: 
vals, they have a dramatic ef 
polarity-interval distributi 
over the past 40 Myr, 
wiggles have been identifi 
into account, the overall re 
is increased by almost 80 
sliding mean: reversal rat 
stant over this time sp: 
distribution of all pola) 
then approximates to 
normal and reverse pol: 
tributions develop an : 
istical properties, due to ti 
tribution of the added sh 
are overwhelmingly of ni 
If little less, this exer 
atic tiny wiggles servest 
strongly the existence . 
intervals influences the statis 
of geomagnetic polarity reversals. T 
also the serious problem that 
increases in reversal frequenc 
respond to the most intensi 
time intervals. In my opinion. 
reliable description of the reversal pr 
whether it actually shows polarity as 
metry or even long-term linear trends 
reversal frequency, must continue to await 
further improvements in resolution of the 
geomagnetic reversal timescale. 
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multitude 


the response of bacteria to a 
crease in temperature. (heat 


how the different mechanisms t 
the analogous responses to heat sh 
bacterial and eukaryotic cells have evi 

In E. coli; sigma factor binds to 
‘core’ RNA polymerase to form a holo- 
enzyme that initiates transcription ac- 
curately from promoters that conform to 
the ‘-35’ and ‘-10’ consensus sequences of 
most E. coli promoters. It has long been’. 






Ip 
-core RNA polymerase to initiate at a dif- 
“ferent: class of promoters but Bacillus 
‘subtilis has remained the only organism for 
“which this principle of gene regulation 
has been demonstrated. Now, however, on 
‘page 22 of this issue Westpheling et al. 
report the identification of multiple holo- 
enzyme forms in the related, but more 
complex, bacterium Streptomyces coeli- 
-color*. One form, containing a sigma 
-factor of relative molecular mass 35,000 
(35K), has the same promoter specificity as 
the holoenzymes of vegetatively-growing 
<- E, coli and B. subtilis, an observation that 
neatly complements the discovery of such a 
“promoter sitein S. lividans (M. Buttner and 
N. Brown, personal communication). The 
rm of S. coelicolor holoenzyme 
contains polypeptides of 49K and 37K, 



































































logous 37K ae, 

| The probable general occurrence of 
multiple sigma factors in bacteria is 
parent from recent elegant studies of the 
eat-shock response of E. coli, in which a 
sudden increase in temperature stops the 
production of vegetative gene transcripts® 
and starts the transcription of 15 heat- 
hock genes which require the product of 
he htpR (hin)"* gene for their expression. 
Landick et al.° have recently sequenced this 
gene and shown that it has strong homo- 
logy in two regions with the sigma factor of 
vegetative E. coli. In agreement with the 
original sigma hypothesis, one of these 
domains has the characteristics of a DNA- 
‘binding site while — the authors suggest — 





100 years ago 
“EARTHQUAKES IN ENGLAND, AND 
THEIR STUDY 

ns a of the most recent earthquake 


November 15 
“Ashock of earthquake (‘‘severe,”’ yet causing 
no structural injury) was experienced at Clith- 
eroe, and in the neighbourhood, on the evening 
_of November 14. At about 5.10 p.m. a terrific 
report, resembling loud thunder, was heard, in- 
-stantly followed by a strong vibration of the 
earth, sufficient to induce the inhabitants to run 
ut of their houses into the streets in a terrified 
“state Much excitement prevailed throughout 
the borough and neighbourhood of Clitheroe, 
especially at Low Moor. 
‘The circumstance that this particular part of 
- Lancashire is much subject to earthquake dis- 
turbances, makes it specially important that no 
“details of their occurrence be lost to science. 
- Within the last fifty years at least six well-auth- 
“-eiiticated shocks have been recorded,—in 1835, 
1843, 1868, 1871, 1873, and 1884,—and this list 
might, easily be extended. Lancashire, indeed, 
may be considered as one of the chief areas of 
listurbance in England, and after Comrie, in 
Perthshire, perhaps the most important centre 
of seismic action. in-Great Britain. 
From Nature 31, 172, 25 December 1884. 


sigma factors, each of which directs the | with the core RNA polym: 


plementary study Grossman et al.'®? have 
demonstrated that the AtpR gene product 
functions as a sigma factor in vitro, binding 
to the core RNA polymerase and directing 
initiation at a heat-shock promoter not 
utilized by the vegetative holoenzyme. 

The identification of multiple sigma 
factors in bacteria has proceded by two dif- 
ferent routes. In B. subtilis and Strep- 
tomyces the biochemical characterization 
of factors of unknown biological function 
came first and is only now being supple- 
mented by genetic studies such as those of 
Stragier et al.'! who have sequenced the 
spollG gene, a locus required for sporul- 
ation, and shown that it has strong homo- 
logy to the sigma factor of vegetative E. 
coli in regions corresponding to those 
observed for the AtpR gene. By contrast, 
the identification of regulatory loci such as 
htpR of E. coli. and gene 55 of the T4 
bacteriophage? preceded their functional 
assignment as sigma factors. 

Are there sigma factors still to find? The 
answer is probably yes. For example, the 
nitrogen fixation (nif) genes in Klebsiella 
and Rhizobium contain a highly conserved 
promoter sequence which is completely un- 
related to those of the other known pro- 
moters!*:'4, suggesting that either or both 
of the products of the regulatory nifA and 
ginF genes function as sigma factors. 

How does one sigma factor functionally 
replace another? Activation of heat-shock 
genes by the gene product depends crit- 
ically on the im vivo concentration of the 
vegetative sigma factor'’, suggesting that 
the two factors compete for the core poly- 
merase. In this situation, any mechanism 
that alters the relative affinity of the factors 
for the core polymerase might be sufficient 
to effect the switch. Another trigger for the 
synthesis of heat-shock proteins in Æ. coliis 
amino acid starvation '°, which also results 
in the inactivation of many promotors 
transcribed by the vegetative holoenzyme. 
The molecule that mediates this control is 
the nucleotide ‘alarmone’ guanosine 5’- 
diphosphate 3’-diphosphate (ppGpp), 
which directly affects polymerase 
function. Heat shock induces the accum- 
ulation of another alarmone, AppppA’®, 
synthesized in an aberrant reaction by 
aminoacyl tRNA synthetases". Perhaps 
such alarmones act by loosening the 
protein-protein interactions between the 
vegetative sigma factor and core RNA 
polymerase, thereby concomitantly 
switching off a major class of vegetative 
genes and facilitating the replacement of 
one sigma factor by another. 

The major 70K heat-shock protein is one 
of the few proteins known to be highly con- 
served between eukaryotes and eubac- 
teria'*, and the suggested. antiquity of the 
heat-shock response makes it an obvious 
place to look for clues: to e evolution of 
transcriptional system: 
striking that the ‘= 
(CNNCTTGAA) of 









‘ y j 
first half of the inverted repeat conserisus 
sequence (CTNGAANNTTCNAG) of eu- 
karyotic heat-shock responsive genes 3 
Recognition of the latter is by a DNA- 
binding protein?! and of the former by 
a sigma factor. How could such apparently 
disparate mechanisms have evolved? A 
simple hypothesis would be that the pri- 
meval RNA polymerase, like the present 
day core of RNA polymerase II, possessed 
a predilection for melted DNA but lacked 
sequence-specific recognition, which was 
conferred by a protein that bound both to 
the polymerase and to a DNA sequence in 
the vicinity of easily melted DNA sites. In 
the evolution of eubacteria, the affinity of 
this specifying protein for polymerase be- 
came greater than that for DNA. By con- 
trast, in the course of eukaryotic evolution, 
the specifying protein came to have a 
greater affinity for DNA than polymerase 
though retaining the ability to interact with 
it. These considerations imply that the 
‘35’ region recognized by sigma factors 
must remain assymetric to position the 
enzyme in the correct orientation to melt 
the DNA in the ‘~10’ region. In the case of 
eukaryotic polymerase II promoters, the 
constraint for directionality would be 
removed by the one or more specific 
proteins that identify the corresponding 
TATA box. This would allow more 
flexibility in the structure of the specifying 
region and thus permit multiple binding 
sites, directing the cooperative binding of 
more than one molecule of the cor- 
responding regulatory protein (for ex- 
ample, in Drosophila hsp 70 promoters**) 
or of distinct regulatory protens with dif- 
ferent sequence specificities (for example, 
in Xenopus hsp 70 promoters”). i) 
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environmental change. 


Bight ammonoid extinction events occurring within 30 million years seem to be correlated with sedimentary changes 
lobal sea level and temperature. These evolutionary patterns may be regarded as a bioseismograph reflecting events causi 
















- THE Ammonoidea provide good examples of the discontinuous 
< nature of evolution often observed in the fossil record. Coiled 
-» ammonoids survived for about 330 million years from the Lower 
_ Devonian to the end of the Cretaceous (ref. 1; Fig. 1). Major 
extinction events during ammonoid evolution have been used 
“for time subdivisions and have been correlated with palaeogeo- 
graphical change (suggested in refs 2,3). 

Finer-scale evolutionary fluctuations gave rise to the refined 
_ time. scale in current use; these fluctuations define stufen 
- divisions in the Devonian, genus zones of the late Palaeozoic 
_ and ‘ages’ in the Mesozoic. These short periods were character- 
-ized by ‘morphological packets’ of distinctive forms closely 
> followed by the next successful packet, resulting i in an evolution- 
- ary-relay effect? which helps to define the time unit. Changes 
f yet lower taxonomic order define zonal and subzonal boun- 
-orrelation of these finer-scale evolutionary events with 
i mental and palaeogeographic change is less well docu- 
mented’, 

I consider here eight examples of extinction events in the 
mid-Palaeozoic history of the Ammonoidea from the Lower 
Devonian to basal Carboniferous, a time span of ~30 Myr. Each 

example is usually characterized by six features: (1) some 

` decline in diversity in the earlier morphological packet; (2) a 

short period of reduced diversity and inferred biomass; (3) the 
¿© cryptic appearance of novel groups diagnosed by changes in 
early ontogeny; (4) an increase in taxonomic diversity and 

_ abundance of the new stocks: (5) a pattern in the new groups 

“showing gradual evolutionary trends usually towards morpho- 
logical complexity and increased size; and (6) a correlation 
between the initiation of decline (feature 1) or of the low point 
= (feature 2) with euxinic conditions, often associated with global 

“transgressive pulses. 

~The classic New York Devonian succession (Fig. 2) shows 

the international stage, conodont and ammonoid terminology 
and inferred local depth changes, many of which appear to 
correlate with international eustatic events reviewed elsewhere’. 

< In the present study, for simplicity, names replace letters used 

previously* to describe events. Detailed international biostrati- 

: graphic, palaeoecological and sedimentological study of many 
sections is required to determine whether transgressive pulses 
or depth maxima of local sequences correlate exactly. The former 
“are not expected to do so, being reliant on local hypsographic 
y curves, but the latter should correlate if they result from eustasy. 











Daleje event 


-The first coiled Ammonoidea appeared in ihe 
(Fig. 3a), possibly associated with an early Zlict 
gressive event; the group became widespread 
` :this. period. The most: distinctive goniatites wei 
2 Phinctidae, their shells showing loosely-coiled 











a of the Sbskro Formation of Czechoslovakia’. 


groups such as corals'® 





open, perforate umbilicus and whorls touching only in th 
stages of later members. Also present in the late Zlichovian 
an aberrant group, the Auguritidae, and the Mimocerati a 
(represented solely by Gyroceratites). In this earliest pa 
therefore, goniatites ranged from early very simply sutured of 
to more complex types (Fig. 4a). 

In Czechoslovakia, the main group of mimosphincti 
the auguritids became extinct near the end of the Zlichovian’, 
Some mimosphinctids and Gyroceratites lingered into the ov 
lying Dalejan, representing the diversity low. Then, in the higher 
Dalejan, two stocks significant in the later middle Devonian 
appeared, the Agoniatitidae and the Anarcestaceae. Their s 
forms were characterized by distinctive sutural patterns ac 
early in ontogeny and soon achieved the imperforate umbi i 
which characterized later Ammonoidea, to be followed 
increased sutural complexity ( Fig. 4b). 

In the Czech sequence there is a striking correlation betwe: 
the Daleje extinction event and the facies deepening seen 
early part of the Daleje Shales. A similar relation is 
the transition from the Dede to Gebze formations of Bithyn: 
Turkey'®, and above the Silil'ninski Horizon of Novaya Ze’ 
lya''. In the Khodza Kurgan Gorge of the Tien Shan, the fauna 
break lies in the Dzhaus Beds'’. The early Zlichovian tra 
gression corresponds to the Favosites regularissimus Zon 
in the Urals and elsewhere, and is succeeded by. the: 
event. In China the faunal’? and facies’? change is 
by the introduction of black mudstones in the 1o 
Formation of Nandan, Kwangsi. It has been suggest 
the Zlichovian event corresponds to the Esopus deepen g i 
New York (Fig. 2) but the ammonoid evidence is not c 
clusive. 




































Kaéak event 


This next significant event in goniatite history has been us 
define the base of the Maenioceras Stufe (Fig. 3a). A progressi 
decline in anarcestid diversity and, strikingly, the disappe ra 

of the wide-ranging Pinacites preceded the event: The To 
noceratina then appeared; this group was characterized by 
novel mode of sutural ontogeny with the A-type method of adu 
lateral lobe insertion’. Maenioceras appeared and “Sobolev 
(traditionally grouped with the Prolobitidae) arose also at abo 
this time’; this genus was characterized by shells of convex 
(rather than biconvex) growth lines and globular form. The new 
fauna and a facies deepening are shown by the Katak Memb 


There was wide distribution of Cabrieraceras, especially the 
species C. rouvillei, C. crispiforme and C. plebeiforme (probably 

synonyms) in Europe, North Africa and eastern North 
America’. With this distribution, together with evidence of other’ 
, wide separation of Africa (south of the = 
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Fig. 1 Evolution of Ammonoidea based on data in ref. 1. Bactritina may originate in the Silurian and extend into the Triassic. Note the 
major extinction events at end of the Devonian, middle Carboniferous (Namurian E,), end of the Permian, Triassic and Cretaceous. Such. 
events have been used to define these major geological boundaries. 
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th Atlas Fault) from Europe and the Appalachians shown DIVISION 
some current palaeogeographical reconstructions” seems 
unlikely. Progressive sutural complexity occurred also in the 
$ ucceeding Maenioceras Stufe (Fig. 4c). There are other minor 


vents in both New York® and North Africa and Germany”. 





e tòp of the Maenioceras Stufe is marked by the extinction 
f the Agoniatitidae, Pinacitidae and most of the Anarcestidae. | gg. 
her than Tornoceras and possibly Protornoceras, no goniatite 
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s crossed this boundary. Sutural ontogeny of the subsequent | 
ovel groups. indicates that they were descended from |7] a J. tuy illustrating facies move- 
aenioceras or anarcestids; only weak evidence exists that l LENGA ments and goniatite and 
decline preceded the event. zZz | CHÌTTENARGO eoon zonation.. 
<in. North America the deepening event was the Taghanic z He CHERRY VALLES, aren ien twad: wala 
Onlap'*°, or the Upper Devonian transgression of the Old |O 3 UNION SPRINGS | ack “shale events” are 
World®, a term made redundant by recent unfortunate recom- i SENECA shown in black; numbers 
mendations of the Devonian Subcommission”. The event was id ONONDAGA Senin refer to. local ammonoid. 
initiated in the Middle varcus Zone. > oer en E 
: This extinction event was significant for other groups also. Z zones are indicated: 
Among brachiopods, about six families were lost*'** and String- |U 5 i J 
ocephalus, a common and worldwide marker for the Givetian, Žž Hits PARSEE 
virtually disappared, with some 15 coral families™”. These ats cans 
ents imply significant modification of the widespread earlier 5 EN 
 Giyetian carbonate platforms and its benthic environment as a | D Ve ici 
ult of the transgression, but this and other extinctions must a PORT EWAN 


ae 
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OGEDIN. 


examined in the light of the precise zonations now available 
nd crude studies based on stages abandoned. 

e newly-arising. goniatite stock was the Pharciceratidae, 
characterized by proliferation of umbilical lobes. The 
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Fig. 3 Devonian ammonoid diversity record: : 
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Series, stage and ammonoid zonation and local 
bed numbers (where appropriate) marked at: 
the top of each diagram, conodont zones at the 
bottom®. a, Lower and Middle ammonoid 
record (Daleje and Katak events)'""*: b, end. 
Givetian to early Famennian record (Taghanic, 
Frasnes and Kellwasser events)'; œ early 
Famennian record (Enkeberg and Annulata 
Schiefer events)? * illustrating evidence from” 
a single locality at Enkeberg, West Germany; $ 
d, e, Devonian-Carboniferous boundary record. 
showing the loss and introduction of major taxa: 
(Hangenberg event)***. The Stockum record.: 

is intercalated from a nearby locality**. 
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‘Gephuroceratidae, with a magnosellarian suture, appeared 
shortly afterwards, as did a distinctive tornoceratid, Epitor- 
-noceras. In the Pharciceratidae, a progressive increase in sutural 
complexity occurred (Fig. 4d). The interval dominated by this 
family, the lunulicosta Zone, is divisible into five true zones, 
corresponding to Oberdevon to la of German nomenclature 
and approximately F, of classic Belgian terminology. It is re- 
named here the Pharciceras Stufe, defined at its base by the 
‘entry of Pharciceras in New York” and at the top by the entry 
of Manticoceras in the Upper Genundewa”™. The Manticoceras 
Stufe is thus returned to its original definition. The new base 
for the Upper Devonian currently proposed by the Devonian 
-Subcommission” (the base of the lower asymmetricus Zone) 
then falls only fractionally below the Pharciceras Stufe- 
_Manticoceras Stufe boundary. 

` The interval of the Pharciceras Stufe which comprises the 
packet characterized by the Pharciceratidae corresponds to a 
period of radiation of palmatolepid conodonts”* and the rise in 
‘biomass of planktonic Ostracoda”®. There is little evidence of 
change in other groups; this is one reason why it seems unwise 
to.use it to define a major series boundary”. 





Frasnes event 


: This break lies close to the base of the Lower asymmetricus Zone, 
_ corresponding approximately to the base of the Belgian Assisse 

de Frasnes. Few pharciceratids survived the boundary; those 
t did produced the poorly-known Triainoceratidae and 
Phenacoceratidae (Fig. 3b). The best. goniatite documentation 
is the New York section, where the upper Genundewa Lime- 
‘stone (Fig. 2; ref. 27) marks the entry of Manticoceras, a genus 

which soon became worldwide in its distribution (except for 

South America and Antarctica). Another new stock was the 
_ Beloceratidae (Figs 3b, 4e). In New York the Genundewa rop- 
















































resents a transgressive level which may be correlated with the 
underlying remainié bed in western New York State. I 
Morocco, a good quantity of pharciceratid faunas continues up 
to the immediately underlying Lowermost asymmetricus Zon ; 
but then is lost suddenly; the Lower asymmetricus Zone is 
represented, for example at Bou Tcharafine™??, by Styliolin 
shales, suggesting a deepening pulse. In Europe, this event 
marked the end of platform reefs. In this packet there is evidence — 
also of progressive size increase and sutural complexity in Man- : 
ticoceras and the Beloceratidae (Fig. 4e). oy 


Kellwasser event 


The term is used here to describe the Frasnian-Famennian 
faunal crisis'!®*°, the event preceding any historic use of the 
boundary. The last of the Beloceratidae occurred in the lates 
Upper gigas Zone. At about the same level there was a decline 
in the Gephuroceratidae, leading to loss of all genera exce 
Crickites and perhaps Manticoceras. In New York this occurre 
by the early Hanover Shale”’; in Belgium it fell in the Schist 
de Matagne above gigas Zone levels. In the Timan the faunal 
break occurred in the Mendym, above the main euxini 
bearing shales of the Domanik’’. eS 
Following this event there were no major new amm 
groups until the base of the Cheiloceras Stufe (Fig. 3b), whet 
the Cheilocerataceae appeared with tornoceratid-type: sutural 
ontogeny but convex growth lines. Two events rather than oi 
may have occurred in the late Frasnian, represented by the e 
gigas Zone and the later loss of Crickites in the triangularis 
Zone. In other groups there was a sharp break in the conodont . 
record at the close of the. gigas Zone™’, a large change in the 
coral record” and loss of daeryoconarids and many brachiopod 
families, i 
In the late Frasnian of Germany, a series of black limestone 


















































documented in detail** and a similar event occurred widely in 
Europe and North Africa®’. Detailed work is still needed on the 
New. York sequence, which contained pulses of black shales 
culminating in the thick Rhinestreet Shale in New York state 
“(Figs 2, 5a), although the Pipe Creek Shale may have closer 
time analogy with the main Kellwasserkalk. This level represen- 
ted the acme of global Devonian marine transgressions. 
< Frasnian extinctions can be correlated with evidence of 
marked environmental change in most known sections. The New 
_ York facies shifts (Figs 2, 5a) indicate a series of shallowing 
upward major rhythms*. A similar discontinuous pattern oc- 
“curs in southern Belgium (Fig. 56), northern France***> and 
western Canada (Fig. 5c). Western Australian reefs?’ show 
-a rather similar pattern and an abrupt termination by drowning 
of the stromatoporoid reef complex. 

Precise global dating of these movements is needed to test 
for their synchrony. Conodont and ammonoid dating are both 
incomplete. For example, the sudden periods of Belgian and 
“Canadian reef formation may correspond only to the initial 
times of black shale deepenings in New York, even if these were 
caused by global eustatic events. Local depth curves are thus 
not directly comparable, and periods of still stand could have 
occurred for some time after reef termination (documented for 
‘the Canadian reefs”). 

». Whether or not these events are synchronous, such major 
environmental changes must relate to the reduction of faunal 
¿diversity in the Frasnian and should therefore be taken into 
account in any hypothesis to explain it. The regressive events 
- high in the Cheiloceras Stufe are too late to explain extinctions 

‘by ‘perched faunas’’’. The virtual termination of reef complexes 
where stromatoporoids were frame builders was one of the 
striking features of late Frasnian palaeogeography and 
palaeoecology, and must be important in the loss of a large 
ssociated fauna”. 


Enkeberg event 


An event affecting ammonoid stocks at the closer of the Lower 
‘Famennian (Fig. 3c) conforms to the usual pattern, but is only 
well described from a locality at Enkeberg, West Germany“! 
A fall in diversity occurred in the section culminating in Bed 
20; this carried no fauna. Genera survived but Cheiloceras 
became extinct. Next, the Clymeniina appeared for the first 
ime, its shell-form characterized by dorsal migration of the 
siphuncle in the earliest two whorls. Data from other areas 
confirm this significant faunal change in ammonoids, but no 
ther section has been described in comparable detail. 


- Annulate event 


- The Annulata Schiefer of the German Famennian was a discrete 
vent in the Rhenish Schiefergebirge. It consists of one (or a 
few) thin argillite unit(s) usually in pelagic carbonate sequences, 
where many costate platyclymenids are seen. This level marks 
the last appearance of true Platyclymenia and Trigonoclymenia*’. 
The. overlying Clymenia Stufe is characterized by the entry 
of complex-sutured Gonioclymeniida. Simpler members of the 
Gonioclymeniida occur in the Platyclymenia Stufe, so that 
the suborder did not enter following the break (Fig. 3c). Gen- 
erally, a significant European faunal change occurred above the 
_ break; genera such as Cymaclymenia, Clymenia, Protactocly- 
-menia and Sellaclymenia appeared*! and groups showed increas- 

ing sutural complexity (Fig. 4f). Detailed global correlation has 
-not yet been attempted but platyclymeniid-bearing faunas are 
“widespread globally (except South America and Antarctica). In 
_the western United States, part of the Three Forks Shale has 
< the same date”. 


angenberg event 
base of the Carboniferous was defined by the Working Party 
on the Devonian-Carboniferous Boundary as the base of the 
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Fig. 4 Changes in ammonoid sutures showing increase in com- 
plexity between the extinction events discussed in the text. Exact 
evolutionary sequences not implied. a, Zlichovian; b, Dalejan and 
Eifelian; c, Givetian (early and mid); d, Givetian (late); e, Fras- . 
nian; f, Intra-Famennian. : 


conodont sulcata Zone. This corresponds closely to. the Wock- 
lumeria-Gattendorfia Stufe boundary recommended at the 1935 
Heerlen Conference. The boundary ammonoid faunas at 
Oberédingshausen, West Germany“ and the intercalated 
Stockum Limestone* are shown in Fig. 3d, e, the break marked 
by a decline and extinction of earlier stocks, followed by gradual 
increase in diversity and entry of two novel groups, the Pro- 
lecanitina (characterized by proliferation of U-type lobation and 
evolute form) and the Goniatitina (characterized by the division 
of the ventral lobe and A-type lobation'). The extinction of 
other groups here has been documented*!'“, i 
The bleak period in the record corresponds to the euxinic 
black shale facies of the Hangenberg Schiefer. Estheriids oc- 
cur in the shale at several localities and may indicate a 
near-shore influence. A more likely analogy for this phase, 
however, is the widespread occurrence of near-shore or terres- 
trial plant debris and fish remains in the Kellwasserkalk, expec- 
ted from flooding over the alluvial plains, which may have 
carried debris out to sea*’. Similar facies changes occur in 
the Carnic Alps, Montagne Noire and Devon; the event is: 
represented in North America by part of the Exshaw shale. 


Tornocerataceae 


In contrast with the history of other Devonian ammonoid stocks, . 
the Tornocerataceae changed relatively little from their entry 
(at the Katak event) until their extinction (at the Hangenberg 
event). Novel characteristics in this superfamily centred: 
around shell-form modifications, particularly in the degree of 
umbilication, whorl outline, development of furrows and. 
detailed growth line pattern. The elements of the suture varied 
very little and then only in relative proportions: few developed — 
additional lobes or saddles and the basic A-type ontogeny 
remains unchanged’. The Cheilocerataceae arose from the Tor- 
nocerataceae in the earliest Famennian; they differed sige 
nificantly only in possessing convex growth lines: These two. 
superfamilies belonged to the Tornoceratina, the only group of | 
Devonian ammonoids recorded in South America”. This is _ 
closest to the Devonian pole, suggesting that this group could — 
survive in colder conditions than most ammonoids. The relations 
between the two superfamilies differed from other groups in the 
takeover pattern. The Tornocerataceae declined slowly, with a 
concurrent rise of the Cheilocerataceae (Fig. 6a), suggesting a 
more resilient life-style than other ammonoids. . The | 
Cheilocerataceae alone of ammonoid stocks survived the 
Hangenberg event and gave rise to later groups. eee 
The Tornoceratidae® are among the few Palaeozoic 
ammonoid groups in which detailed evolutionary change has 
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yeen studied. Changes such as increasing amplitude of sutural 
lement folding. and increase in protoconch diameter occur 
in a Middle Devonian sequence, whereas shell-form shows no 
consistent change. Growth pattern could be defined statistically 
at particular faunal levels, but successive faunas behaved discon- 
tinuously and independently (Fig. 6b). The disjunct pattern may 

-reflect a greater phenotypic control of shell-form than of other 
_ characteristics”. If this is so, evidence of detailed evolutionary 
_ change in the fossil record will not be found without distinguish- 
-cing between those characteristics of an organism which truly 
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Fig. 6 a, Pattern of taxonomic diversity record in the Devonian 
"Tornocerataceae and Cheilocerataceae showing progressive, rather 
than sudden, replacement. b, Inferred disparate phenotypic effects 
in shell-growth pattern from a sequence of Tornoceras from the 

‘: Devonian of North America”. 





Fig. 5. Local successions and possible changes in sea level for Frasnian and adjacent rocks. a, New York State; b, Belgium?***; c western 
< Canada*’*’. Black, black shales; dashes, shales; dots, siltstones and sandstones; ‘bricks’, limestones and dolomites. Onlap movements 
S ; to the left. ee 











mirror genetic change and those too strongly affected by environ- 
mental factors to be of value. It may not be possible, howeve 
to identify true genetic change because of phenotypic masking. 
The distinct phenotypic forms which characterize particu 
horizons may reflect environmental changes in microrhythr 
event pulses of the type described in the Devonian®. Discrimina- 
tion to 200-250 kyr was suggested for the Namurian, where 
goniatites occurred as part of sedimentary rhythm events*'. : 
































Conclusions 


The evolutionary events described here may have a eustati 
euxinic immediate cause. There is, however, an unusual char 
teristic of some of the major sedimentary rhythms of | 
Devonian", Carboniferous (Dinantian)** and Jurassic**!; th 
are composed of microrhythms often sharing microfacies 
ments of the larger rhythms, for example, in the Lower Wes 
Falls Formation of New York’. It is difficult to explain this 
wholly eustatic terms; a correlation of such microrhythms wit 
Milankovitch-type cycles caused by orbital perturbations’? of 
some sort seems probable. Spread of cold conditions, CO, 
variations®°, associated changes in ocean currents, precipitation 
patterns and palaeogeographic modifications may have caused. 
extinction events and phenotypic fluctuations; it is unlikely that 
the rhythm-associated sedimentology is simple. 
It is difficult to determine whether the larger-scale evolution. 
ary breaks described here are periodic. The eight extinctio 
events span about 30 Myr (estimated from the Cambridge tim 
scale”), giving a hypothetical internal of ~4.3 Myr if all th 
events have been identified, which may not be the case. Radio. 
metric data are too imprecise for use here, but field data sugg 
that the Taghanic and Frasnes events and the Enkeberg an 
Annulata events are closer together in time than others. Further: 
more, three of the events have a major impact on other groups 
Thus, there is a difference in degree as well as period. =. 
The possibility of a periodic explanation of sedimentary a 
palaeontological events has been much discussed since rh 
micity was first observed and documented, even leading t 
astronomical causation theories’. Recent suggestions includ: 
a solar companion star, the effects of meteorite impacts (boli 
and cosmic dust®*', alleging a 26-Myr extinction periodicity”. 
But to which of the eight extinction events described here might 
this speculation apply? Three events affected other grot ig 
nificantly (Taghanic, Kellwasser. and Hangenberg). Yet with a 
26-Myr periodicity, only one of these could be a contender and © 
a different explanation would be needed for the remaining — 
extinction events. However, all the events share the same six: © 
features described here. The most significant event may have 
been the Kellwasser’; but the Taghanic event was associated 
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n the Kellwasser event and hence ee. cosmic showers 
nay be important. But iridium data are needed from throughout 
sequences, not only from particular horizons. In the Devonian 
and Carboniferous®™, major sedimentary rhythms and extinc- 
“tion events did not occur at regular intervals nor were equal in 
“effect. This suggests a more complex explanation than current 
astronomical theories provide. 

During the eight events described here, the end Caledonian, 
“Antler and Acadian orogenies and the Bretonic movements all 
occurred. These events will have had global eustatic effects to 
-which sea-floor spreading rate perturbations will have con- 
tributed. Extraterrestrial influences (such as precession, tilt and 
eccentricity effects acting through solar insolation changes) 
would interact with terrestrial factors to give complex patterns; 
“effects due to companion stars or asteroids might be added 
speculatively to this list. Progress will be made if the small-scale 
-microrhythms, a common feature of the Phanerozoic record, 
: can be correlated precisely with Milankovitch-type cycles to 
form the basis for a new and detailed chronology. This new 
‘objective time scale could revolutionize the study of Earth 
history. 
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Morphologically- complex bacterium. 


Two forms of RNA polymerase holoenzyme have been identified in the filamentous differentiating bacterium Streptomyces. 
coelicolor. They contain different species of o factor and are distinguishable by their ability to recognize different promoter 
classes. These and other holoenzyme forms may in part determine the selective expression of different gene sets in this 








BA TERIA of the Gram- -positive genus Streptomyces are unusual 


by the secretion of extracellular hydrolytic enzymes. Under 
conditions of nutrient limitation, the bacteria differentiate by 
the formation of specialized aerial hyphae which coil and then 
septate to form chains of spores. The production of antibiotics: 
and other secondary metabolites often coincides with the onset. 
of morphological development, and thus may be regulated by 
the same mechanisms as those that trigger differentiation’: The. 
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oo Fig. L Run-off transcription by RNA polymerase from S. 
coelicolor and B, subtilis. A, Run-off RNAs from the veg promoter 
contained in .BamHI-cut pMS500 DNA were generated by B. 
subtilis Eg% (lane a) or by. S. coelicolor RNA polymerase (lane 
b). B, Run-off RNAs from the ctc promoter were generated by B. 
subtilis Eo?’ using PstI-cut pMI520 DNA (lane a) or BamHI -cut 
pMI340 DNA as templates (lane c) or by S. coelicolor RNA 
_ polymerase using PstI-cut pM1520 DNA (lane b) or BamHI-cut 
pM1340 DNA (lane d) as templates. 
“Methods: S. coelicolor A3(2) cells were grown in YEME medium 
+: {0.3% Difco Bacto yeast extract, 0.5% Difco Bacto peptone, 0.3% 
“Oxoid malt extract, 0.1% MgCl, 1% glucose, 34% sucrose) and 
collected in early stationary phase. A crude preparation of RNA 
polymerase was. peparod from 100 g cells sia in buffer A 
Tris: 





gm 
taining 0.1M KCI by passage of the suspended cells through a 
French pressure cell (10,000:p.s.i.) and centrifugation for 30 min 
at 100,000g. RNA polymerase was partially purified by applying 
the supernatant to a heparin-agarose column (1.3 x5 cm), washing 
the. column with buffer A containing 0.1 M KCI, then eluting in 
one step with 3 ml buffer A containing 0.5 M KCI. 10 pl of the 
eluate (0.0004 units of poly(dA-dT) transcribing activity as defined 
in ref. 40) or 0.001 units of the indicated B. subtilis holoenzyme 
were incubated at 37°C for 10 min in 40 pl reactions’ with 2 pg 
of the indicated template. RNA synthesis was initiated by the 
“addition of 0.5 mM each of ATP, GTP and UTP and 0.5 pM (10 pCi 
[PII CTP. After.1 min at 37 °C, 6 pg heparin was added to prevent 
reinitiation and, after 5 min, 1.5 mM unlabelled CTP was added. 
After.a further 5 min, the reaction was stopped on ice. Radioactive 
RNA. was concentrated from the reaction mixtures by ethanol 
“precipitation and subjected to electrophoresis in a 6% polyacry- 
<lamide gel containing 7M urea, Molecular weight markers were 
-peat-denatured °*P-end-labelled fragments of Hpall-cut pBR322 
DNA. pMS500 has been described’. pM1340 and pM1520 were 
constructed by M. Igo (unpublished results), containing BamHI 
sites and PstI sites at 155 and 261 bp, respectively, downstream 
from the erc transcription initiation site. 





regulation of developmental genes and genes involved in the 
production of antibiotics have been studied’, although little is 
yet known about the mechanisms governing the transcription 
of these and other kinds of complex gene sets. 

_ Developmental gene regulation is better understood in Bacil- 
_ lus, another group of Gram-positive, spore-forming bacteria 
(r ewed i in refs 3,4). An important feature of the transciptional 
‘apparatus of these bacteria relevant to the expression of certain 

complex gene ‘sets. (including. developmental genes), is the 

existence of multiple forms of RNA polymerase holoenzyme, 
each with the capacity to use a characteristic class of pro- 
moters’®. Each of these holoenzyme forms is associated with 
“one of several species of o factor, which confers on a common- 
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Fig. 2 Partial separation of veg- and cfc-transcribing activities. 
Run-off RNAs were generated from a mixture of veg- and ¢tc- 
containing templates by S. coelicolor RNA polymerase in fractions: 
from a DNA cellulose gradient elution. The positions of authentic 
veg and cte run-off RNAs generated by Eo” and. Eo” from. 
subtilis are indicated (right). 
Methods: S. coelicolor A3(2) cells (350 g) grown in YEME medium 
to early stationary phase were disrupted in a French press an 
RNA polymerase partially purified by phase partitioning and gel 
filtration as described previously“, except that size fractionatio 
was on a Sephacryl! $300 column (3 x40 cm). Fractions containing 
the peak of RNA polymerase activity (5,300 units) determined by 
incorporation of *H-UTP into RNA with poly(dA-dT) as tem- 
platet (26 units per mg protein) were pooled and purified by. 
gradient elution from heparin-agarose (1.3 x5 cm) twice in suc- 
cession and then from a DNA-cellulose column. The first heparin- 
agarose column was eluted with a 0.05-0.6 M linear KCI gradient 
and the second eluted with a 0.25-0.53 M linear KCI gradient.’ 
first DNA-cellulose column was eluted with a 0.15-0.5 M linear 
gradient of KCI. In the final purification step, RNA polymerase 
in fractions containing veg- and ctc-transcribing activities w 
reapplied to DNA-cellulose (a 0.5 x 5 cm column).and eluted with 
a linear KCI gradient of 0.3-0.45 M KCl in 30 ml buffer A. Fracti 
of 3 mi were collected (fraction 1 was from the low end of the 
gradient) and 20 wl samples assayed by run-off transcriptic 
described in Fig. 1, using a mixture of veg (BamHI-cut pMSS500)- 
and cte (BamHI-cut pMI340)-containing templates. The *?P- 
labelled products of RNA synthesis were displayed. by elec- 
trophoresis in a 6% polyacrylamide gel containing 7 M urea and 

visualized by autoradiography. : 











































core RNA polymerase moiety the ability to respond to:a pi 
ticular set of transcription initiation signals. We seek here to 
elucidate whether transcription from different gene sets in Strep- 
tomyces is determined, in part, by multiple forms of RNA 
polymerase, and if so, whether some of these holoenzyme forms 
might be homologous in their promoter recognition specificity 
to previously-described forms of RNA polymerase from B. sub- 
tilis, the most extensively studied of the Bacillus species. We 
report the discovery of two distinct forms of RNA polymer 
holoenzyme from S. coelicolor through the use of well-charact 
ized promoters from B. subtilis as templates for in vitro transei 
tion and the identification of a bona fide Streptomyces promote 
whose use is determined by one of these holoenzyme form 


S. coelicolor RNA polymerase 


To examine promoter recognition specificity of- S coelico 
RNA polymerase, we used plasmid DNAs containing either o 
two well-characterized promoters from B. subtilis; veg an ete, 
as templates for in vitro transcription. The veg promoter is usec 


by Eo”, but is used by minor. forais 
merase, including in particular the Eg? 
37,000), whose interaction with the 
studied in detail- "', 








Fig. 3. Subunit composition of the ctc-transcribing form of S. 
coelicolor RNA polymerase. a, Run-off RNAs were generated from 
the ctc promoter contained in BamHI-cut pM1340 by purified 
RNA polymerase in fractions from a DNA-cellulose gradient elu- 
tion. b, Proteins contained in fractions from the gradient elution 
were subjected to electrophoresis in a 10% SDS polyacrylamide 
gel and then stained with Coomassie brilliant blue. 









































To detect transcription initiation from the veg and ctc pro- 
moters, S. coelicolor RNA polymerase, partially purified from 
a cleared cell lysate by stepwise elution from heparin-agarose, 
was used to generate ‘run-off’ transcripts with linearized plasmid 
-templates containing the veg or cte promoters. S. coelicolor RNA 
polymerase generated a run-off RNA (Fig. 1A, lane a) indistin- 
| guishable in size from that produced by the B. subtilis Eo* 
_ enzyme (Fig. 1A, lane b) with linearized veg-containing DNA 
as. template. Similarly, the run-off RNAs copied from two ctc- 
containing templates by the S. coelicolor enzyme (Fig. 1B, lanes 
a and c) were apparently identical to the corresponding RNAs 
‘oduced by B. subtilis Eo” enzyme (Fig. 1B, lanes b and d). 
Thus, a relatively crude preparation of RNA polymerase from 
© S. coelicolor accurately uses both heterologous promoters, 
_ initiating at sites close to or identical with those from which the 
corresponding B. subtilis enzymes initiate transcription, 
We next purified further the veg- and ctc-transcribing activities 
| (see legend to Fig. 2). Gradient elution partially resolved veg- 
transcribing activity from cte transcribing activity (Fig. 2), 
indicating that the veg and ctc promoters are separately used 
by different forms of S. coelicolor RNA polymerase. 
-© To analyse the subunit composition of the enzyme responsible 
or cte transcription, this form of RNA polymerase was purified 
urther (see Fig. 3 legend). Gradient-purified RNA polymerase 
ntained, in addition to several unidentified polypetides, core 
subunits 6’, 8 and a (as observed previously for RNA poly- 
/ merase from S. antibioticus'? and S. coelicolor'*) and two poly- 
peptide species of M,~ 49,000 and 37,000 whose elution pro- 
file coincided closely with that of the ctc-transcribing activity 
Fig. 3). 


Two species of RNA polymerase o factor 


We next sought to determine whether either of these polypep- 
‘tides were responsible for the ctc-transcribing activity of S. 
coelicolor RNA polymerase, and if so, whether such a factor(s) 
sould be considered functionally equivalent to one of the various 
@ species associated with B. subtilis RNA polymerase. To 
investigate this possibility, we performed a heterologous com- 
plementation experiment in which RNA polymerase-associated 
Le from S. coelicolor were tested in the presence of 


swere isolated as described previously“. 
protein of M, ~ 49,000 strongly stimulated the 
DNA by core RNA polymerase (Fig. 4A, C). 





Fig.4 Complementation of B. subtilis core RNA polymerase with 
gel-purified RNA polymerase-associated polypeptides from S. 
coelicolor, A, B, Parts of cte and veg run-off RNA electro- 
pherograms generated by B. subtilis core RNA polymerase supple- 
mented with gel-purified proteins: only the size range of cte and 
veg transcripts is shown. C, Full-length electropherogram of run-off 
RNA generated by B. subtilis core RNA polymerase supplemented 
with protein from slice 6 (lane a) and run-off RNA generated by 
B. subtilis core enzyme alone (lane b). 

Methods: RNA polymerase was partially purified from 300g S. 
coelicolor cells through the first heparin-agarose elution step of 
the procedure in Fig. 2 legend. (At this stage, the enzyme was 
relatively impure, containing both veg- and ctc-transcribing 
activities.) RNA polymerase ( ~ 25 ug protein) in fractions contain- 
ing veg and ctc transcribing activity were pooled and subjected to 
electrophoresis in a 12% (Laemmli) polyacrylamide gel, stained 
briefly with Coomassie brilliant blue. The gel was then sliced from 
top to bottom into 11 slices; protein from each of the slices was 
eluted and renatured by the procedure of Hager and Burgess'*. 
20 ul (3.6% of the total volume of renatured protein) were incu- 
bated with 0.001 units of B. subtilis core RNA polymerase at 37 °C 
for 5 min with 25 pl transcription reaction mixture*’, DNA tem- 
plate {2 ug) was then added and incubated for 3 min to allow’ ` 
prebinding of polymerase. RNA synthesis was then initiated as — 

described in Fig. | legend. 


In other experiments, we have observed also significant stimula- 
tory activity at the position of the M, 37,000 protein (J. Guijarro 
and J.W., unpublished observations). The relative proportion 
of the M, 49,000 and 37,000 stimulating activities varies sig- 
nificantly from experiment to experiment; we do not know ` 
whether the M, 37,000 species is a proteolytic fragment of the 
M, 49,000 polypeptide or an additional cte stimulatory factor. 
We conclude that at least the M, 49,000 polypeptide (o°) and 
also a M, 37,000 species (a) are a-like transcription factors 
that dictate recognition of the ctc promoter. i 
To identify a corresponding transcription factor that allows E 
use of the veg promoter, renatured proteins were tested for their 
ability to stimulate transcription of veg-containing template by 
B. subtilis core enzyme. A polypeptide of M,~ 35,000 (but: 
clearly smaller than the M, 37,000 cte stimulatory factor), °°, 
strongly enhanced veg RNA synthesis above a low background. 
of transcription by the core enzyme preparation alone (Fig. 4B). : 


Transcription 


We have identified a Streptomyces promoter used by cfc-tran- 
scribing purified RNA polymerase, but not veg-transcribing 
enzyme. This promoter directs the transcription of a S. plicatus® 
gene, endoH'*'®, whose product is a secreted endo-B-N: 
acetylglucosaminidase (endoglycosidase-H) that hydrolyses 
glycosidic bonds between the N-acetylglucosamine residues — 
of ‘high mannose’ oligosaccharides'’; We have used the cloned | 
endoH gene’ as a hybridization probe for identifying the endoH - 
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Fig. 5. Identification of the transcription start site of the S. plicatus 
 endoH promoter and its utilization by S. coelicolor RNA poly- 
“.merase in vitro. Top, DNA fragments in the region just upstream 

to the endoH coding sequence, gel-purified by electrophoresis of 
restriction endonuclease-digested pEHBI.6 DNA". A, In vitro 

.° run-off transcription from the endoH promoter, Run-off RNAs 

| -were generated by the ctc-transcribing form of S. coelicolor RNA 

__. polymerase (purified as described in the Fig. 3 legend) from Xhol- 

Nari (lane a) and Xhol-Hinfl (lane b) DNA fragments of 300 
and :265 bp, respectively. B, S, nuclease mapping of endoH RNA. 
The 5‘ end of endoH RNA from S. plicatus cells was mapped by 

using Xhol- Nar] DNA (lane a) and Xhol-Hinfl (lane b) DNA 

as radioactive probes. Lane c, a control in which Xhol- Hinf1 probe 

A aled with E. coli RNA, 

ods: B, 100 ml S. plicatus cells were grown in YEME medium 

“for 6 days and RNA extracted as described previously! except 

that resuspension buffer contained 1% SDS (suggested by M. Igo). 
The DNA probes for S, mapping were prepared by digesting 
plasmid pEHBI.6 with either Hinfl or Narl, then treating with 
calf intestine alkaline phosphatase. Hinfl and Narl fragments of 
1.67 kilobases (kb) and 330 bp, respectively, were purified from 
the digested plasmid DNA by polyacrylamide gel electrophoresis, 
then labelled at their 5’-termini with °*P-phosphate using [ y]-°?P- 
ATP and T4 polynucleotide kinase. Next, the Hinfl fragment was 
cut-with XhoI to yield a 265-base XhoI- HinfI promoter-containing 

-~ Segment, then separated by gel electrophoresis from the remaining 
1.4-kb fragment, The Narl fragment was cut simply with Xhol 
resulting in a 300-bp Xhol-Narl promoter-containing segment 
and smaller 30-bp fragment, and was not further purified. 100.8 
-ORNA was mixed with ~0.7 ug (~3x10’ c.p.m. pg!) of 3P- 

_. labelled DNA, and incubated at-85 °C for 15 min in hybridization 

_ buffer". Hybridization was performed at 58-60 °C for 3 h and was 
. quenched by the addition of 300 jl of dilution buffer, then treated 

with S, nuclease (400 units ml~') as described previously'®. The 

S; nuclease-resistant hybrids were precipitated in ethanol at —70 °C 

and displayed by autoradiography after electrophoresis in 6% 
polyacrylamide gels containing 7 M urea. 
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- APtoacrGaTTcacccdc TTCCGGCGGECAGGGGAGGCACGGTG endo 


Fig. 6 Nucleotide sequence of the ctc and endoH promoter 
regions. Transcription start sites are underlined; other symbols are 
explained in the text. The sequence of the endoH promoter was 
determined by subjecting the end-labelied Xhol-Hinfl and Xhol- 
<.Narl fragments described in. Fig. 5 legend to the base-specific 
cleavage reactions of Maxam and Gilbert!’. 





We demonstrate here the existence of at least two dis t 
of RNA polymerase holoenzyme in S. coelicolor which differ in 





















































transcription start site in vivo and as a template for reconstruct. 
ing its specific transcription in vitro. The apparent start site was 
determined by S, nuclease experiments’, in which DNA frag- 
ments located upstream to the endoglycosidase-H coding 
sequence were hybridized to RNA isolated from S. plicatus cells. 
S. plicatus RNA protected a 115-base segment of a Xhol-Narl 
probe and a 70-base segment of a Xhol-Hinfl probe from 
nuclease action (Fig. 5B, lanes a,b). Neither of these DNAS 
was observed in control experiments in which the end-labelled 
probes were incubated with RNA from E. coli cells (Fig. 5B, 
lane c; data not shown). These experiments identify the. 5 
terminus of endoH mRNA. This terminus was located approxi- 
mately 140 base pairs (bp) upstream from the inferred endoH 
translation initiation codon (as identified previously’ fiom 
heterologous expression experiments in E. coli cells'*). A more - 
precise location of the endoH transcription start site (Fig. 6) 
was determined by subjecting the 70-base nuclease-protected 
fragment to electrophoresis in a high resolution polyacrylamic 
gel in a lane adjacent to a ‘sequencing ladder’ of base-spec 
fragments’? of the end-labelled Xhol-Hinfl fragment. 
We have demonstrated also specific transcription from the 
endoH promoter in vitro by run-off transcription experiments. 
in which the purified Xhol- Nar] and Xhol-Hinf] DNA frag- 
ments (Fig. 5, top) were used as templates for in vitro R NA 
synthesis. A purified preparation of ctc-transcribing RNA pol 
merase generated transcripts whose lengths (115 and 70 ba 
for the Xhol-Narl and Xhol-Hinfl templates, respectively) 
were in close agreement with those predicted from the position 
of the 5’ terminus of in vivo synthesized endoH RNA (Fig: 5A). 
The veg-transcribing form of RNA polymerase, in contrast, was 
inactive with these endoH-containing DNAs as templates (date 
not shown). S, nuclease mapping experiments of in vitro-ger 
ated endoH RNA and high resolution gel electrophoresis 0 
70 base run-off transcript (data not shown) demonstrated th: 
the start site for transcription in vitro was close to or identica 
with the 5’ terminus of in vivo-synthesized endoH RNA. 
We believe that use of the endoH promoter is determ 
by a cic-transcribing form of RNA polymerase, as highly puri 
fied preparations of this enzyme used endoH efficiently an 
the elution profiles of endoH-transcribing activity and) 
transcribing activity were indistinguishable during gradient elu- 
tion of RNA polymerase from DNA cellulose (data not shown), 
The involvement of ctc-stimulatory factors in endoH transcrip- 
tion, however, has not been established directly by core RN 
polymerase complementation experiments with gel-purified pro- 
teins. (B. subtilis core RNA polymerase cannot use heterologous 
promoters from bacterial DNA with high G +C base composi- 
tion; we have not yet devised a protocol for obtaining core 
enzyme from S. coelicolor). There are certain interesting 
similarities between the endoH and cte promoters in positions 
relative to the transcription start site important in cte use by 
Eg” form of B. subtilis RNA polymerase. Positions in th 
promoter thought to signal B. subtilis Eo*’ recognition (jud 
by homologies to other promoters used by Eo” (ref. 10), methyl- 
ation protection experiments'? and nucleotide substitution 
mutations'') are identified in Fig. 6. Although there is: little 
overall homology between the transcription initiation region 
of endoH and cte, these promoters partially conform to eac 
other (allowing an adjustment of two bp in the spacing betwee 
the ‘—10 and ‘~35" regions; Fig. 6) at positions function. 
important in cte promoter use. These include positions critica 
for cte use by B. subtilis Eo% polymerase (Ref. 11: Fig. 6) 
Thus, endoH may be an example of a ctc-like promote 
Streptocmyces whose use is determined by nucleotide sequence: 
similar to those signalling recognition by B.: subtilis Eg? 
enzyme; this can be investigated by mutational analysis of th 
nucleotide sequence requirements for endoH and cte promote’ 
recognition by S. coelicolor RNA polymerase. 


Implications : 
inct forms. 













































































their promoter recognition specificities; these specificities ar 
determined separately by different species of RNA polymerase 
factor. The S. coelicolor enzyme containing o™ appeared to 
be homologous in its specificity to the prototypical eubacterial 
-holoenzyme form, in that it efficiently used a promoter (veg) 
strongly conforming (in its ‘~ 10° and ‘— 35’ sequences and their 
spacing) to the canonical structure of the principal class of 
-bacterial promoters”. The enzyme containing o* (or 0°’), on 
the other hand, was homologous in specificity, judged by its 
ability to use the cfc promoter, to a holenzyme form (E°) 
< observed so far only in B. subtilis, where it is involved in the 
transcription of developmentally-regulated genes. As evidence 
for the physiological significance of such holoenzyme forms to 
the transcription of Streptomyces genes, we have shown that 
highly purified ctc-utilizing RNA polymerase (but not purified 
veg-transcribing enzyme) could transcribe from a Streptomyces 
‘promoter, initiating at a site close to or identical with the start 
‘site for endoH transcription observed in vivo. 
RNA polymerase heterogeneity in S. coelicolor suggests that 
"the activity of different sets of genes may be determined in part 
‘by a variety of holoenzyme forms, each with the capacity to use 
‘selectively a characteristic class of promoters. Thus, Eo” and 
Eo” may be two members of a larger family of RNA poly- 
merases that determine the differential expression of different 
gene sets during the course of the S. coelicolor life cycle. These 
gene sets may include but may not be limited to those involved 
in the differentiation and secondary metabolism of this mor- 
-phologically complex bacterium. The existence of heterogenous 
forms of RNA polymerase is not confined to bacteria with 
complex life cycles’; certain minor holoenzyme forms may 
determine the expression of gene sets whose activity is unrelated 
to morphological development, such as heat-shock controlled 
expression. The cloning of various classes of Streptomyces genes, 
for example drug resistance determinants (see ref. 23), develop- 
mental genes (J. M. Piret and K. F. Chater, personal communica- 
tion) and genes with associated secondary metabolism”*?> 
should furnish other examples of Eo*®- and Eo*?-used pro- 
moters in this genus and provide templates for identifying addi- 
tional holoenzyme forms. 
Bacteria of the genus Streptomyces differ from Bacillus species 
_in many obvious morphological and biochemical aspects. Strep- 
tomyces is filamentous and its DNA is exceptionally high in 
` G+C base composition; it grows into a mycelium and forms 
‘spores by septation of aerial hyphae into compartments differen- 
tiating into chains of heat-sensitive, resting cells’. Bacillus is 
unicellular with DNA low in G +C base composition; its spores 
(endospores) are heat-resistant and formed by a characteristic 
engulfment process**. Nevertheless, as a B. subtilis Eo? -like 
“form of RNA polymerase exists in S. coelicolor, bacteria of both 
genera may use similar strategies for regulating the expression 
of developmental genes. Thus, although some of the genes 
involved in the growth, morphology and differentiation of Strep- 
~tomyces and Bacillus must encode very different kinds of struc- 
‘tural proteins, the underlying mechanisms of their regulation 
may be analogous and perhaps even homologous. If this is true, 
then knowledge of developmental gene regulation strategies in 
‘the more extensively studied Bacillus genus may elucidate the 
mechanism of differentiation in Streptomyces, only recently 
begun to be exploited by molecular genetics approaches. For 
example, the initiation phase of sporulation in Bacillus is depen- 
dent upon a class of genes known as spo0 (ref. 26). Mutations 
in any one of these genes arrest the onset of development and 
block the production of molecules such as antibiotics and exo- 
enzymes whose synthesis is associated with the earliest stages 
of differentiation. The spo0 gene products are thought to act at 
the level of promoter use by influencing transcription initiation 
_by Eo” and other novel forms of B. subtilis holoenzyme”””*. 
-The initiation phase of development in Streptomyces may be 
similarly governed by genes in which mutations are highly 
pleiotropic, preventing the synthesis of certain kinds of secon- 
dary metabolites and blocking development at its earliest stage. 
Indeed, such a class of genes is known—the bid genes'—and 


* 





e ese genes function 
in similar ways to the spo gene products of Bacillus; this could 


antibiotic pathways in Streptomyces species. 

Finally, we comment on the remarkable capacity of Streptomy- 
ces to support the transcription of heterologous genes from a 
diversity of procaryotic sources. For example, S. lividans is an 
effective host for the use of transcription signals from E. coli, 
Bacillus and Serratia”, recognizing in at least one instance (E. 
coli ampC) the same ‘—10° and ‘—35° signals that promote 
initiation in E. coli°°. Bacillus, however, is limited in its repertoire 
of foreign gene expression: for example, B. subtilis can use 
promoters from other Bacillus species and from closely-related 
Gram-positive genera such as Streptococcus?! and Staphylocac- 
cus****, but promoters from E. coli’**?° or from Streptomyces 
(1. Smith, personal communication) are generally found to be 
inert in this host, even when they conform to the prototypical 
sequences for promoter structure. E. coli displays an intermedi- 
ate promoter tolerance pattern, efficiently using many Bacillus 
promoters (at least of the prototypical class) (for example, refs 
35, 36), but failing to transcribe from some if not all Streptomyces 
promoters”. These observations suggest that simple conformity 
to canonical —10 and —35 sequences is not a sufficient condition 
for signalling transcription in heterologous hosts. 

How can we elucidate these patterns of interspecific promoter 
use, given that all three genera share forms of RNA polymerase 
capable of recognizing promoters of prototypical. structure? 
Perhaps some general distinguishing feature of Bacillus, E. coli 
and Streptomyces promoters outside their ~10 and —35 regions 
plays a decisive role in their ability to be used in heterologous 
hosts. This distinguishing characteristic may be the overall A+ T 
content of the promoter regions of genes from the three genera. 
For example, Bacillus promoters are exceptionally high in A+T 
content and are sometimes associated with extensive upstream: 
stretches of AT base pairs, important in the efficiency of pro- 
moter use’*”*®, Streptomyces promoters, at the other extreme, 
are remarkably deficient in AT base pairs (for example, ref. 39). 
E. coli promoters are intermediate in overall A + T base composi- 
tion?”?’, We suggest, therefore, that the overall high G+C 
content of Streptomyces DNA, including that in and around its 
promoter sequences, may be irrelevant to promoter use in that 
genus, but presents a barrier to gene expression in heterologous 
hosts such as E. coli and Bacillus, with characteristically lower 
G+C DNA base composition. In this regard, non-specific bar- 
riers to interspecific gene expression, such as DNA base compo- 
sition, may tend to obscure underlying homologies in the tran- 
scriptional machinery of morphologically diverse bacterial 
genera. 
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k Krüppel is a member of the ‘gap’ class of segmentation genes of Drosophila melanogaster, mutations of which cause 
- contiguous groups of segments of the fruitfly embryo to fail to develop. In the case of Kriippel mutant embryos, thoraci : 
and anterior abdominal segments are deleted. The molecular cloning of the Kriippel locus will lead to an understanding 
of the crucial role that gap genes seem to have in early embryonic development. It has already allowed the identification 
of a blastoderm-specific Kriippel transcript and the phenotypic rescue of mutant embryos by injected cloned DNA. 













- SEGMENTATION is one of the most striking features of the 
Drosophila \arva. The segmental pattern is established at the 
blastoderm stage and requires the activity of both maternally 
and zygotically active genes’"*. Segment primordia become vis- 

«ible at the end of gastrulation, their number corresponding to 

the number of segments later seen in the larva, where segmenta- 

i and the identity of segments are defined by the pattern of 

cuticular markers (Fig. 1a). Recent systematic searches for 
zygotically active genes led to the identification of about 20 loci 
affecting embryonic segmentation®”. -> In mutant embryos of the 
three ‘gap’ loci, continuous stretches of adjacent segments are 
deleted”. The gap in the pattern occurs in specific morphologi- 
cally-defined subregions of the larva. In hunchback, the thoracic 
segments are deleted, whereas in knirps only two rather than 
eight denticle bands are formed in the abdomen’. The largest 
gap: in the segment pattern is observed in homozygous Kriuppel 
(Kr) embryos’~''. Strong Kr alleles lack all thoracic and anterior 
abdominal segments, which are replaced by a mirror-image 

duplication of the normal posterior abdominal segments (Table 
ood, Fig: 1b). In intermediate Kr alleles, the thorax and four 
> abdominal segments are deleted (Table 1, Fig. 1c). Weak alleles 
develop a normal head, prothorax and up to seven abdominal 
segments, leaving small but variable gaps (Table 1, Fig. 1d). 
Neither intermediate nor weak alleles show any sign of mirror- 
image duplications. 
The requirement for Kr* gene activity is strictly zygotic and 
appears to be confined to early embryogenesis''. Maternal 
“dosage of Kr* has no effect on the embryonic phenotype, nor 
does homozygosity for Kr prevent germ cells from making 
normal eggs capable of normal embryonic development when 
fertilized by wild-type sperm''. Homozygous Kr embryos can 
be distinguished from normal wild-type or heterozygous Kr 

“embryos shortly after the beginning of gastrulation. Therefore, 

_ the Kr* gene must be transcribed after egg deposition at stages 

_ earlier than gastrulation. 







Cytological localization 

Two deficiencies (B80 and Kr’, Table 1) placed the Kr locus 

into polytene chromosomal region 60F2-5 at the tip of the right 

arm of the second chromosome, very close to the dominant gain 
of function mutant Irregular facets (If; map position 2-107.6)''. 













































Reversion by X-ray mutagenesis of the Jf mutation to normal. 
eye morphology located chromosomal rearrangements in the K 
region using a simple F, screen. In about 20,000 chromosom 
tested, we found four If revertants, none of which complemente 
Kr. We isolated also 12 new ethyl methane sulphonate (EM 
induced Kr alleles by screening for mutations which. did n 
complement the embryonic phenotype. We therefore hada tote 
of 26 available Kr alleles, 5 of which were X-ray-induced, 
EMS-induced and two spontaneously arising. Seven of thes 
mutations (five deficiencies, one translocation (AKI) and o 
inversion (UR/)) were associated with visible chromosomal 
rearrangements (Table 1). Cytological analysis of these rea 

rangements allowed us to map Kr to the polytene chromosom 
band 60F3. One of the If revertants (AP/), which by genet 
criteria behaved as a Kr deletion, showed no detectable cytolog: 
cal abnormality. This chromosome was found to contain a small 
deletion (see below) that proved useful in the analysis of cloned 
DNA segments. 


Microcloning of chromosome band 60F3 


In order to clone the Kr gene, we microdissected a single 
polytene chromosome band (60F3) from salivary gland chrom 
some squashes obtained from the Oregon R strain of Drosophila, 
DNA was extracted from a total of four bands and digested to 
completion with EcoRI for ligation with A 641 vector DNA. 
The resultant DNA was packaged in vitro and recombinant 
phage particles were selected on the Escherichia coli poj 
strain'?, From a total of 175 recombinant phage clones, 122 wer 
identified which had low or single-copy number DNA insert 
as judged by plaque hybridization analysis using nick-translate 
2p labelled Drosophila wild-type DNA as a probe for repe tive 
sequences. : 
DNA from 72 clones was analysed by EcoRI restriction anal ; 
sis on agarose gels. About 80% of the clones had inserts in the 
range 0-5-8 kilobases (kb), the average length being 2-3 kb. To 
identify clones containing DNA sequences that were absent. in 
the API deficiency, inserts with single-copy DNA were purified, 
32p.jabelled by nick-translation and hybridized to either dot: 
blots or Southern blots containing EcoRI-digested genomic ~ 
DNA from embryos homozygous for B80, Kr’ or API, or with.” 
DNA from wild-type Oregon P2 embryos. The first. DNA: 


“pat 2 
; vay Bark-field 
-photograph of a wild-type larva! b, 
‘Strong phenotype Kr’ embryo; e 
intermediate. phenotype = -Kr/V 
“embryo; d, weak Kr phenotype 
KrXH embryo. Tl, pro-; T2, meso-: 
< T3; metathorax, A 1-8, abdominal 
segments. Note the duplication of the 
=o sixth abdominal segment with 
.teversed polarity in the strong Kr 
phenotype. e, Phase-contrast photo- 
graph of the enlarged abdominal 
“region of a Kr’ homozygous embryo 
» injected with clone ER3 DNA (see 
‘text and Table 2). Note the 
phenotypic rescue of this embryo, 
indicated by the number of segments 
adjacent to the sixth abdominal seg- 
ment (A777), Note also the normal polarity (indicated by arrows) of the additional segments never seen in the strong Kr phenotype (see b). 
‘Magnifications in a and b~e are different (as can be judged from the size of denticle bands). 


















































Table } Analysis of Kr mutations 









Parental Molecular 
: Allele chromosome Mutagen Morphology of Kr phenotype Cytology analysis Ref. 
Kr U S ST Df 60 F2-5 Deletion 9-11] 
Kr? c E ST Normal H 
Kr? C E ST Normal size and shape Normal li 
“B80 uU x ST of head structures; head Df 60 F2-5 Deletion Ht, 2 
KreAe? U E ST not involuted Df 60 F3-5 Deletion H 
Kr’ if E ST Normal 8 
Kré if E ST Normal This work 
Kr? If E ST DS: T 1-3; A 1-5 Normal This work 
SBI Bl if x ST Dup A 6: V: A 7, 8; rev Df 60E10-F5* Deletion This work 
URI Bl If x ST In 58A-60F3 Deletion This work 
API BI if x ST Normal Deletion This work. 
AKI Uf x ST TCY; 2)60 F3-5t Translocation This work 
Kr” M S ST Deletion This work 
Kritt U E ST Df 60 F2-5 Deletion 8 
C E I F p Normal 7 
if E I Ae A : Normal This work 
if E I p: Normal This work 
C E w DS: T2,3:A1,2 Normal 7 
C E wW DS: T2,3;A1,2 Normal 7 
if E w DS: T 2,3; A l-4; V:A 4 Normal This work 
if E Ww DS: T 2,3; A 1-3; V: A3 Normal This work 
If E w DS: T 2, 3; A 1-3; V: A3 Normal This work 
if E WwW DS: T 2,3; A 1,2; A 2,3 Normal This work 
if E WwW DS: T 2,3; A 1-3 Normal This work 
pr E w DS: T 2,3; A 1-3 Normal This work 
if E WwW DS: T 2,3; A1; V: A2 Normal] This work 


















_ Seventeen new Kr mutants were isolated in screens over the original Kr’ allele of Gloor'® using EMS mutagenesis®* or X-ray (4,000R) mutagenesis 
_as described in the text. Parental chromosomes: U, unknown origin: C, cn bw sp: If, b pr en wxt If, BI If, b pr BI ¢ If; M, M(2)H™: pr, b pr if 

- Note that the chromosomes designated If and pr were obtained by recombination of B/I If, so that all three chromosomes should be identical in 
the Jf region. A detailed description of the genetic markers used in this study as well as the balancer chromosomes CyO and SMI used for 
- stock-keeping are described in ref. 20. Mutagens: S, spontaneous origin: E, EMS-induced: X, X-ray-induced. Phenotypes of homozygous or.’ 
_trans-heterozygous Kr embryos were scored in cuticular preparations (for methods, see refs 6-9, 11). ST, Strong Kr phenotype (see Fig, 16}; 1, 
ermediate phenotype (see Fig. Le); W, weak phenotype (see Fig. 1d). T 1-3, thoracic segments; A 1-8, abdominal segments: rev, reversed polarity 
_ ina given segment; DS, deleted segment(s): Dup, duplicated segment(s); V, variable pattern element observed in low frequency. Cytology: polytene — 
hromosomes were prepared from salivary glands, stained with orcein and analysed at x400 magnification. Df, deficient; SB/ is deficient for gsb 
(ref. 7) and Kr but not for zip (ref. 7). AK! was found as a mosaic that had only one normal eye, but stabilized to the Jf revertant phenotype in © 
he next generation. Note that reversion of If is never complete and is strongly dependent on the chromosomal background. The four If revertants. 
URI, SBI, API, AK!) were originally recovered over SM/ chromosomes; they had completely normal eyes. In trans over CyO or any chromosome; 
T Oregon R origin, however, eyes are still rough and contain some irregular facets (A.P. et al, unpublished data). Kr” was a gift of Cl. 
- Nisslein-Volhard. ipi 

* The deficient chromosome segment is replaced by translocated chromosome bands probably derived from chromosome 4. 
+ Y-chromosome translocation involving the region distal to 60 F2. 


blot analysis of homozygous AP! DNA, heterozygous API. 
DNA and the DNA from flies homozygous for If, the chromos > 
some used for mutagenesis (Fig. 2c). a 

Clone 57 was used to initiate a chromosomal ‘walk’ byo > 
screening a Canton $ library'*, We also screened libraries pre- 
pared from DNA of Oregon R embryos and from flies homozy- 


segment of interest was found in clone 57; it hybridized either 
o a-9kb fragment of wild-type DNA or. to a smaller 3.6-kb 

’ t of API DNA, but not to Kr’ and B80 DNA (Fig. 
Kr! and B80 DNA are deficient in sequences of clone 
clone 57 maps at or near to a deficiency breakpoint of the 
Pl chromosome. These findings were confirmed by Southern 
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‘Fig. 2 Localization of microcloned sequences within cytological 
“Kr deficiencies. a, Southern blots of EcoRI-digested genomic 
“DNA. The loading of DNA in the different lanes was checked by 
probing with a single-copy DNA clone from outside the Kr region. 
b, Rehybridization of the same filter (after removal of old hybridiz- 
«sation signats} using the clone 57 insert as a probe. Note the absence 
oof bands in lanes:4 and 5 and the different sizes of bands in lanes 
Land 2. c, Southern blots containing similar amounts of EcoRI- 
digested DNA from homozygous AP! embryos, heterozygous API 
flies and from flies containing the parental chromosomes used for 
mutagenesis. 
Methods: DNA was used from wild-type embryos (a, b, lanes 1), 
“embryos homozygous for API, (a, b, c, lanes 2), Kr’ (a, b, lanes 
3), B80 (a, b, lanes 4) and from flies API/SMI (c, lane 5), If/ If 
(c, lane 6) and B1 If/SM1 (c, lane 7) (ref. 21; see Fable | for 
details). Homozygous Kr embryos were individually collected 
under the stereomicroscope. To avoid losses of DNA, RNA was 
not removed from the DNA preparations. Consequently, the 
amount of DNA loaded onto the gel was checked as described for 
a. Restriction digests, gel preparation, Southern blotting, hybridiz- 
` ation and nick-translation of probes were performed as described 
previously 714-2", 








gous for If. For the initial step, insert DNA from the phages 

«was cross-hybridized to detect the overlapping sequences 
homologous to the clone 57 insert. Restriction fragments from 
either side of the region of overlap were purified and used to 
continue the walk in both directions. 


Molecular mapping 


We constructed a physical map of over 50 kb of the Kr region, 
using overlapping DNA clones obtained by chromosomal walk- 
ing. The Kr region is contained in 39 kb of single-copy DNA 
. surrounded by blocks of repetitive DNA (Fig. 3). On one side, 
othe region is flanked by ~12kb of tandemly repeated 0.8-kb 
» EcoRI subunits (+34 to +46), and on the other by repetitive 
: elements present at a low frequency in the genome, and showing 
heterogeneity in wild-type strains (—5 to —15; A.P., unpublished 
data). We found a low level of restriction site polymorphism in 
| different strains (Fig. 3). Inserted elements not affecting Krt 
gene function were observed at three different sites. One inser- 
tion, at position +32, was present in all the Canton S clones 
analysed but was absent from both If and Oregon R clones. 
The two additional insertions at position +1 and +28 were found 
‘in l out of 20 and 10 clones, respectively (data not shown), 
indicating a low degree of polymorphism in the DNA used for 
library construction. 
Twenty-six, Kr mutations (see Table 1) were analysed by 
hybridizing *’P-labelled restriction fragments of region —5 to 
- 12.7 to Southern blots of genomic DNA from homozygous 
embryos and from flies possessing the Kr allele in trans to CyO 
‘balancer chromosomes. To analyse region 0 to +9.5 (see 
examples in Fig. 4a) in heterozygous DNA, we used DNA from 
the CyO balancer chromosomes, which lacked two restriction 
sites (Sall, HindIII) present in DNA of Kr alleles originating 
from If (see Fig. 3). In ambiguous cases, however, we tested 
“DNA prepared from individually scored homozygous Kr 
_ embryos, to confirm or extend the results of the above analysis 








ine 3) and were ‘grouped into two classes. One class consist: 
of deletions for the entire cloned single- copy DNA region from 
—5 to +34. This class includes B80, Kr’, Kr''* and SBI, 
classified previously as visible cytological deficiencies (Table 
1). The entire region was also deficient in AK! females, as the 
DNA was translocated onto the Y chromosome (Table 1, Fig: 
3). The second class of deletions contained breakpoints within 
the cloned region. The breakpoints of the three deletions API, 
Kr°*® and Kr” were found close to positions +1, —5 and +5 
respectively, and DNA sequences extending up to map position 
+34 (or beyond) were absent from all three mutants. The smalles! 
deletion uncovered the region from ~0 to +9 and was associated 
with one of the inversion breakpoints of chromosome URI. Ir 
summary, all of the X-ray-induced Kr mutations, both of the 
spontaneous mutants and two of the EMS-induced Kr alleles 
have associated deletions of DNA (see Table 1). No evidence. 
for DNA deletions or other DNA rearrangements was found i in 
the other Kr mutations. 

Trans-heterozygous Kr” /URI embryos show the strong K 
phenotype. On the DNA level, the region of overlap of the two 
deficiencies is less than 4kb of DNA. This indicates that DN 
sequences from map positions +5 to +9 contain parts of the 
Kr* gene or, as a minimum, sequences essential for normal K 
gene expression. 































































Kr transcription in the blastoderm 


Homozygous Kr embryos can be distinguished from hetero. 
zygous and wild-type embryos shortly after the beginhing. of 
gastrulation''. Because the Kr phenotype has no maternal com- 
ponent, the Kr* gene must be active after egg deposition. The 
molecular data indicate that Kr should be transcribed clo: 
or from the region characterized by the 4-kb DNA deletions 
(Fig. 3). We therefore used cloned DNA segments correspondin; 
to region —5 to +17 to probe Northern blots loaded with equ 
amounts of poly(A)* RNA from various stages of Drosophila 
development. Region 0 to +9.5 hybridizes to a 2.5-kb poly(A 
RNA present only in 2-5h-old embryos (Fig. 46). Titrati 
experiments using actin messenger RNA as a standard sh 
that this transcript amounts to ~0.01% of total poly(A)? RD 
We could no longer detect the transcript in extended germ-t 
stage embryos, even though our Northern blots are capable 
detecting transcripts at a 10-fold lower concentration. No 
poly(A)” transcripts were detected. (The detailed study of Kr* 
transcription will be described elsewhere; U.B.R. et al, in pre 
paration.) fe 
Both molecular analysis and transcript mapping are consistent 
with the localization of the Kr locus in or close to region 0 to` 
+10. To identify Kr* gene activity, we injected cloned DNA 
into mutant embryos and scored them for possible ‘rescue’ effec 
resulting from Kr* gene activity provided by the injected: DNA 








Phenotypic rescue of Kr mutants 


The Kr alleles can be ordered into an allelic series where the 
size of the gap in segmentation is. proportional to the strength 
of the mutant alleles. In amorphic alleles, all three thoracic and. 
five anterior abdominal segments are deleted and replaced by 
a mirror-image duplication of the normal posterior abdome 
Weaker alleles have no mirror-image duplication and progres: 
ively fewer segments are deleted (Fig. 1b-d, Table 1), indicati 
of residual Kr* gene activity in the different Kr mutations 
The injection of cloned DNA provided low Kr* activity which : 
partially normalizes the amorphic phenotype. 
DNAs from various clones for most of the cloned region v were 
injected into embryos of Dde Kr'/SMI parents. The dopa 
decarboxylase mutation (Ddc) allowed Kr'/Kr' homozygous 
embryos to be unequivocally distinguished from their siblings, coe 
as it renders the cuticle and mouth parts of homozygous. Kr’: 
larvae unpigmented'''>. After injection of DNA from clone 
ER3, the segment anterior to the sixth abdominal segment. of 
homozygous Kr’ embryos often showed normal polarity (Table 
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‘clone 57 (see Fig. 2). The small size — 
oof this clone is probably due to cut- 
ting at the EcoR** site under the high 
“glycerol concentrations used for 
“microcloning'*. a, Restriction map of 




























































DNA from the [f chromosome used (Hy (8) R 

for mutagenesis (Table 1). The same b g ee A t s tS eo ERS i 
«map was found for the BI If chromo- i as Aa ia cA 
‘somes used to make chromosomal L cod” ey RT reet . 
Teatrangements (Table 1). The four L ANS -~d 

estriction enzymes used for map- wei 

ping. were: R, EcoRI; B, BamHI: S, c < = oe a is e e p eae S Eo ate 

salt; H, Hindli. b, Individual phage kr 1880:S84:Kr tI 

nes covering the Kr region. The LEA ERMA EE ERR EME 

‘cloned DNA originated from 4 

homozygous If flies (designation Al, a RCD 

‘each insert ends with a true EcoRI Kr Ab? 
site), Canton S embryos’ (designa- A nN Be ie Ne fete ee ee 

tion cc), or Oregon R embryos xr! 

(designation ER; each insert ends TT TIE 

with a Sau3A site due to partial URI i 

digestion of genomic embryo DNA a) 
and ligation into the BamHI site of 'S4kb i 


vector DNA). Note polymorphic 
estriction sites in Oregon R DNA, that is, two additional EcoRI sites and the absence of one Sall and one HindIII site also absent in CyO 
DNA (see: text). Fragments smaller than 0.5 kb and other clones overlapping the indicated clones are not shown. Vectors used for library 
construction were EMBL 4 (ER), Charon 4 (cc) and Charon 4A (Al). c, Deletions in Kr mutations. Of the 26 Kr alleles analysed (see Table. 
1), 9-represent deletions larger than 500 base pairs (bp). AK/ (dashed line), translocation of the entire cloned region to the Y chromosome 
{data not shown). Solid bars, deficient DNA sequences; open bars, limits of the break point mapping. Note the small 4-kb deletion of Kr” / URI 
embryos which show the strong Kr phenotype. 
Methods: DNAs from phages were mapped with four restriction enzymes after separation on 0.8% agarose gel. End fragments of DNA inserts 
were labelled by nick-translation to screen the three libraries for homologous sequences flanking either side of the original clone. For each 
king step, the presence of repetitive sequences was tested by reverse Southern analysis using °*P-labelled genomic DNA as a probe". As 
n additional control, the size of each restriction fragment was checked using Southern blots of genomic DNA. 






Table 2 Phenotypic rescue of mutant Kr embryos injected with cloned DNA 


























No. of injected homozygous Kr embryos which develop (%} 








Concentration of No. of 
Origin of Site of injected DNA homozygous Involuted ° 
injected DNA injection (wg ml7') Kr embryos Strong Intermediate Weak (normal) 
(map position) (% e.l.) (> 10 experiments) injected phenotype phenotype phenotype head 
ce? (—7.9 to +5,7) 50-60 130 Hil 111 (100) 0 0 0 
Al3a(—1.2 to +9.5) 50-60 130 162 162 (100) 0 0 0 
AB (~6.8 to +9.5) 50-60 130 66 66( 100) 0 0 0 
fe R3 (-5.1 to +12.7) 50-60 130 115 63 (55) 46 (40) 6 (5) 3 (3) 
-¢03 (+33 to +17.6) 50-60 130 128 128 (100) 0 0 xo 0 
~ ERS (+15.3 to +33.3) 50-60 130 102 102 (100) 0 0 0 
“ER3 (5.1 to +12.7) 50-60 50 70 67 (96) 3 (4) 0 0 
50-60 80 78 60 (77) 18 (23) 0 0 
50-60 150 59 37 (63) 22 (37) 2 (3) 0 
50-60 200 50 48 (96) 2 (4) 0 0 
50-60 400 60 60 (100) 0 0 Q 
ER3 (~5.1 to +12.7) 0-40 130 71 71 (100) 0 0 Q 
60-80 130 90 79 (88) 11 (12) 0 0 
80-100 130 59 58 (98) 1 (2) 0 0 









nnn e i a na nonin 
_ DNA was extracted from phages using standard methods. Their position in the Kr region corresponds to map positions in Fig, 3. Embryos wer 
` injected in lateral positions along the anterior-posterior axis of the embryo (% e.l, % egg length; posterior is 0% }. Homozygous Kr embryos:(25% 
of injected embryos) show the Ddc phenotype and are therefore distinguishable from their heterozygous and wild-type siblings. Normal embryo 
orembryos heterozygous for Kr were scored as pigmented embryos'!. Embryos with defects. other than segment fusion or small cuticular holes 
“were scored as undifferentiated (14-30%. of injected embryos). The strong Kr phenotype is indistinguishable from that of uninjected Kr embryos; | 
‘intermediate’ phenotype refers to injected embryos that develop a phenotype similar to the phenotype of Kr alleles HI, IV or VI, and ‘weak’ 
enotype refers to injected embryos that develop more than four abdominal segments with normal polarity (for example, see Fig. le). For the: : 
classification of phenotypes see Table 1 and Fig. 1. act a 
Methods: Eggs from a Ddc Kr'/SM1 mating were collected on apple juice agar plates. After dechorionation, embryos were mounted on coverslif 
d on silica-gel and covered with oil. DNA was dissoived.in injection buffer and injected with a 5 pm-wide pipette'®. Embryos were injected 
ut pole cell stage, as this was found to be most efficient for rescue response. After injection, embryos were allowed to develop. for 2 day 
chamber at 20°C. Normally, 70-90% of the injected normal embryos hatched. After embedding, the cuticular pattern of unhatchéd embryos _ 
as analysed under the phase-contrast microscope''. ce 
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Fig.4 a; Mapping of chromosomal deficiencies in the 0-9.5 map 
région using DNA of heterozygous Kr/CyO flies. Due to three 
“polymorphic restriction sites (see Fig. 3), differences in DNA of 
CyO and Kr chromosomes can be distinguished in heterozygous 
DNA. For example, Southern blots containing Sall-digested 
genomic DNA from heterozygous flies were probed with a nick- 
translated, *?P-radiolabelled 2.3-kb subclone (map position +3.1 
to +5.4). This clone hybridizes to a 5.4-kb Sal! fragment (arrow) 
in CyO DNA of balancer chromosomes and two (2.6 and 2.8 kb) 
fragments (arrowheads) in If chromosomes. Note the absence of 
the lower bands in lanes 6 and 7, indicating the lack of these 
"sequences in URI and API DNA, respectively. The absence of 
the 2.6-kb fragment in lane 4 ( Kr”, overexposed bands) indicates 
the break point within this fragment close to map position +4.3. 
The weak intensity of the lower bands in AKI DNA (lane 5) is 
consistent with genetic and cytological data indicating a Y-translo- 
cation of this region (Table 1). As the translocated region is present 
only in males (about half the flies), the corresponding bands 
amount to one-quarter of the copy number in fly DNA. The CyO 
fragment was absent in [f homozygous DNA (lane 3), but present 
` in any combination with CyO. For methods, see legends to Figs 
Zand 3. Lane O, KrVI; lane 1, Kr’; lane 2, parental If/ If; lane 
3, parental If/ CyO; lane 4, Kr’'; lane 5, AK1: lane 6, URI ; lane 
7, API; lane 8, Kr’; lane 9, Kr’. For detailed description of the 
phenotypes see Table 1. b, Developmental profile of the Kr* gene 
„transcript: Northern blots of poly(A)" RNA from different stages 
. Of Drosophila development were probed with cloned DNA corre- 
sponding to.region 0 to +9 on our map (Fig. 3). Lane 1, early 
cleavage stage (0-60 min); lane 2, blastoderm stage and gastrula- 
tion (2-5 h); lane 3, late gastrulation to hatching (8-24 h); lane 4, 
third-instar larvae; lane 5; pupae; lane 6, adults. 
Methods: Staged embryos were collected from population cages. 
RNA was prepared using the guanidinium isothiocyanate 
method”’. Poly(A)* RNA was separated on oligo(dT) columns as 
described previously”. From each stage, 10g of denatured 
poly(A)” RNA was separated on 1.2% agarose gels together with 
RNA and DNA size markers. Northern blots and hybridization 
were as described previously’. 


2); these embryos more closely resembled the intermediate 
rather than the strong Kr phenotype of uninjected Kr’ embryos. 
._Kr' embryos injected with DNA from other clones of the region 
- showed only the extreme phenotype (Table 2). In addition to 
the 40% of intermediate phenotype Kr’ embryos found (Table 
2), a small fraction of Kr’ embryos (5% ) developed more than 
two additional segments with normal polarity (Fig. le), indica- 
tive of a substantial weakening of the amorphic phenotype. 
The phenotypic rescue response of Kr’ embryos was observed 
only when DNA from the ER3 clone was injected into a middle 
position of the embryo (Table 2). Furthermore, the rescue 
response was dependent on both injection earlier than blasto- 
derm formation and concentration of injected DNA. The 


<< Tesponse was linear below 130 pg mi~’ DNA, but decreased at 


_~ higher concentrations (Table 2). The injection experiments map 
“Krf gene activity and, therefore, the entire Kr transcription unit 
to the ER3 clone which overlaps region —5.1 to +12.7 on our 
map. This clone includes both the DNA with the 4-kb deletion 
that had been genetically mapped as an essential region of the 
Kr* gene, and the DNA from which the 2.5-kb poly(A)* RNA 
present in 2-5 h-cld embryos is transcribed. Smaller clones, AI3 

and Al3a (see Fig. 3; Table 2), did not evoke phenotypic rescue, 











Discussion 


We report here the molecular cloning of Kr, a segmentation 
gene of Drosophila. Clones obtained from microdissected DN 
facilitate the isolation of some 50 kb of genomic DNA in a serie 
of overlapping clones, enabling us to identify DNA sequence: 
within a 4-kb interval as those required for Kr* gene function 
One clone containing this 4-kb DNA segment and 14 kbo 
flanking sequences contained Kr* activity, as judged. b 
phenotypic rescue following injection of the cloned DNA int 
mutant embryos. The functional Kr locus was therefore ma) 
to a DNA sequence of maximum length 18 kb. The DNA 
quences corresponding to cloned DNA providing the biologi 
Kr” gene activity, code for a 2.5-kb poly(A)* RNA first etect 
at blastoderm stage. a 
Phenotypic rescue of the mutant Kr embryos after injecti 
of cloned DNA allowed the Kr sequence to be localized an 
positively identified within the cloned region. This direct biolog 
cal assay was suggested by earlier experiments'° showing tra 
scription of injected cloned DNA in developing embryos. About 
80% of the DNA was degraded in the cytoplasm; transcriptio 
of the remaining DNA was more than one order of magnitu 
below the efficiency of transcription from endogenous genes 
our most successful rescue experiments, we injected some 300 
of DNA at a concentration of 130 pg ml~!' or ~10° molecule: 
per injected embryo (100 times the number of Kr* gene copie 
of normal blastodérm stage embryos). We expected transcription | 
of the injected genes to be less efficient than that of endogenou: 
genes in heterozygous embryos and the resulting biol 
activity to be even lower. As viable heterozygous embryos si 
a distinct thoracic abnormality'', the degree of rescue resp 
obtained was in the expected range; thus, Kr* activity was 
below 50% of the normal activity. An increase in DNA | 
centrations above 150g ml7' led to a decrease in fësc 
activity. We assume that highly concentrated concatenated 
simply aggregates in the embryo and thus prevents a substa 
portion of the DNA from entering the proper cellular: c 
ment. We have frequently observed translucent 
developing embryos at the site of injection, which m 
spond to highly concentrated injected DNA. ed 
The observed phenotypic rescue of mutant embryo A 
that the ER3 clone contains all the regulatory sequences r oq) 
for spatial and temporal regulation of endogenous Kr" ge 
expression. In wild-type embryos, Kr is transcribed at the blast 
derm stage, when the rate of embryonic transcription is increased 
dramatically'’. Random transient ER3 DNA expression may 
produce a low level of transcripts during the period of develop- 
ment, which normally requires Kr* gene activity. Sequences. 
important for endogenous Kr* activity could thus be outside 
the ER3 fragment; this would provide an alternative explanatic 
for the weak rescue response. Other overlapping clones (see 
Table 2) (including the transcribed region) failed to give arescue 
response. As two of these clones, AI3 and Ala, contain all the 
ER3 sequence except for the 3.2-kb segment at map position 
+9.5 to +12.7, essential sequences for Kr* activity must I 
within this 3.2 kb. If a phenotypic indicator of rescue is avai 
(as in Kr embryos), this assay for the function of cloned D 
is much easier than genetic transformation experiments 
require transposon-mediated introduction of cloned DNA into 
the Drosophila germ line’? and genetic analysis of the tra: 
mants. ee 
The rescue of the Kr phenotype required DNA injection in 
the middie of the embryo. This region of the embryo coincide: 
with the anlage of thorax and anterior abdomen on the blast 
derm fate map'”, and appears to be the most sensitive to the 
absence of the Kr* gene product, as reflected in the lac 
thoracic and anterior abdominal segments in the weak Kr alleles. 
The results of the injection experiments may be the first indica- 
tion of localized Kr* gene product requirement during the - 




















































































































come visible. This suggests that the Kr* function is ar} 
for the initiation rather than the maintenance of th 

abdominal segmentation in the early Drosophila- ei in 
a eement with the earlier conclusion that the absence of 
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ignals from millisecond pulsars, being exceptionally accurate 
ks, are sensitive to a cosmic background of gravitational 
es! Present measurements imply that the the energy density 
ns ach waves in an octave bandwidth near 10~’ Hz must be <107 

f the closure density”. Gravitational waves of these frequencies 
may be produced by a variety of sources of astrophysical or 
cosmological interest™*. I investigate here the sensitivity of a 
millisecond pulsar timing signal to the background of gravitational 
waves expected from an inflationary phase of expansion during 
early Universe’. The spectrum of such waves, which is flat, 
fends up to and beyond periods of the order of the present 
bble time. As such, their amplitude can be constrained by 
measurements of the present quadrupole anisotropy of the black- 
y background“. I demonstrate here that the bound í on inflation 
: derived from millisecond pulsar timing measurements’ is, at pres- 
ent; much weaker than this bound. However, the millisecond pulsar 
ound should, with new technology and the possible discovery of 
new pulsars, improve dramatically and it may eventually surpass 
the present quadrupole bound. It is in principle sensitive to the 
pe of the gravitational wave spectrum and can thus serve as a 
stronger test of inflationary predictions.”""' A positive millisecond 
pulsar signal can also be used to measure photon reheating proces- 
ses in the early Universe below temperatures of the order of 

00 MeV. 

Starobinskii’ first demonstrated that a period of exponential 
_expansion in the early Universe would result in a flat spectrum 
of gravitational waves today. At the time of horizon crossing, 
hey have a fixed amplitude A, given by the relation, 


A? = (27) ° LH/ Mp F a) 


where H is the Hubble parameter during the phase of exponen- 
- tial expansion and M, is the planck mass (1.2 x 10'? GeV). 

Waves produced during inflation, which are only now entering 
the horizon, can dominate, through the Sachs- Wolfe effect, the 
scale quadrupole anisotropy of the microwave background. 
; have used the limits on this anisotropy to bound 
tude A and thus the Hubble constant of the inflationary 
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phase®*. They find the bound A<0(10~*), implying that infla- 
tion takes place at a scale <4.x10'’ GeV. 

Using the relation (T°) = k?A?/87G (where k is the physical 
wavenumber and where we have summed over the two helicit ty 
states) for gravitational waves, equation (1) leads to the result”, 


M,(k) Ine = 4/3[H/ Mp? (2) 


where 1,(k)|,. is the ratio to closure density of the energy density 
in gravitational waves of physical wavenumber k at horizon 
crossing. 

The bound from the quadrupole anisotropy thus implies 

0,(k) = 107° for gravitational waves now crossing the horizon. 
The energy density of waves now inside the horizon can be 
substantially less than this, owing to the effects of redshifting. 
Thus, the quadrupole bound is at best four orders of magnitude 
below that presently obtainable from the millisecond pulsar. 
However, two important factors make the millisecond pulsar 
constraints warrant further discussion. First, the pulsar sensitiv- 
ity to a flat spectrum increases as the fourth power of the 
measuring time. Next, it is sensitive to waves with a vastly 
different history than those probed by the quadrupole bound 
and thus can yield important new information about several 
fundamental facets of standard cosmology. 

First, I consider millisecond pulsar sensitivities with the idea 
of measuring a potentially-flat inflationary spectrum. The 
maximum delay in a signal caused by a passing gravitational 
wave of period P and amplitude A is of the order of AP (refs 
1,3). If the experiment has an inherent timing noise At then 
the smallest detectable A is A ~ At/ P. Then, using the expression 
given earlier for the energy density of gravitational waves, pulsar 
timing measurements over a period T = P are sensitive at best 
(within a factor of the order of one) to an energy density”? 


pa > (BnG) (2r AYP . (3) 


For gravitational waves with periods greater than the measuring 
time T, the sinusoidal time delay caused by the wave is harder 
to extract via polynomial fits to intrinsic time delays, owing to” 
competing effects of spin down, and. so on. By expanding this 
sinusoidal delay in power of T/P, only the third and higher 
terms can be distinguished from these unknown intrinsic pulsar 
features'?. This implies that for these longer wavelength waves 
the pulsar is sensitive to energy densities of the order of 


p,2 (4G) APT (P/TY (4) 


For gravitational wave distributions with significant components: 
of their energy density (that is, large amplitudes) in long 
wavelength modes, equation (4) mayı repres nta greater sensitiv- z 





© months’. 





















‘ity than equation ( However, for a flat spectrum, equation 
(3) represents the optimal sensitivity. 


Gravitational waves with periods today of <10* yr entered — 
the horizon during a period of radiation domination, according ` 
to the standard cosmological model. Having entered the horizon, 


“the energy density of gravitational waves redshifts like radiation 

from its initial, wavenumber-independent value given in 
- equation (2). If, as predicted by inflationary cosmology, the 
< observed universe is flat to great precision, then Naa was about 
unity at this time and, therefore, p¢/Pyaalnc~ Mg(k)|nc- Then, 
‘assuming no photon reheating, because gravitational waves have 
been redshifting like radiation, 2,(k)|now ~ Mlk) nc X¥ Dylnow ~ 

De X 1074 for waves which entered the horizon during the 

radiation dominated era. Using the present quadrupole limit, 
Nglnc< 10", we thus expect that 2,(k)lnow< 10°"? for these 
So Waves, Because under the assumption of no reheating their 
spectrum is flat, we can use equation (3) to compare the mil- 
“ Hsecond pulsar sensitivity with this limit. 

The present pulsar limit on 0, is due to an observed timing 
stability of 4,~10°°s over a measuring period of several 
3 An order of magnitude improvement in measurement 

“js expected soon because of improvements in Earth-based 
| timekeeping technology (J. Taylor, personal communication). 
me Thus, i in principle, with a timing stability of 1077 s and a measur- 

“ing period of the order of 10yr, the millisecond pulsar could 


B yield a bound Q, (27/10 light yr|lrow © 107 12 which is competi- 


tive with the present quadrupole limit. 

The above discussion demonstrates what sensitivity is, in 
principle, achievable using the millisecond pulsar. Whether the 
limit quoted is practical is not at all clear. No clocks on Earth 
have such a good timing stability over such a long period. Also, 
_-other noise, both pulsar related and otherwise, can easily lead 
- to greater timing instability in the signal. Of course, the discovery 
of other millisecond pulsars would greatly aid in handling such 
noise, and in improving timing measurements. 

In deriving the millisecond pulsar bound above, we assumed 
there had been no reheating since horizon crossing. However, 
i is probably not the case for the waves of interest. The 
millisecond pulsar signal, unlike the quadrupole anisotropy, is 
sensitive to waves whose amplitude depends on the details of 
expansion since horizon crossing. (Of course, if the microwave 

background did not really represent a last scattering surface at 
z= 1,000, but instead was caused by a much more recent event, 
then the quadrupole anisotropy too can be dominated by waves 
which have long since entered the horizon.) Now, because of 
the effects of redshifting (with P ~t during the period of 
matter-dominated expansion since about recombination, and 
~t'/? before that time), waves from inflation with periods 
= 10° yr today entered the horizon before the time of nucleosyn- 
thesis, and those with a period of the order of 10 yr entered the 
horizon when the temperature was ~100 MeV (t= 107s). Even 
standard cosmology does not predict that the photon tem- 
perature has dropped according to the relation T~ R~ since 
that. time. 

This raises the possibility that measurements made with the 
millisecond pulsar may give detailed information on the evol- 
ution of the Universe since very early times. In particular, there 
is no reason to expect that the spectrum is flat in the region of 
interest, nor that the amplitude of gravitational waves will be 
given simply by the product of their amplitude at horizon 
crossing and the simple redshift factor given above. If there has 
been any reheating (equilibrium, or out of equilibrium) since 
their entry in the horizon then their energy density is given today 
by, 


QU sow = 2,(k) ne XD ylnow x {Th{ T;,/ T,}* xT S,aa/ Swat] (5) 


where T,, T; are the temperatures before and after each non- 
adiabatic reheating and S,,, and S,, are the entropy densities 
of radiation before and after each adiabatic heating due to 
particle-antiparticle annihilation. 

Eventual detection of gravitational waves by way of the mil- 
lisecond pulsar could meolve these reheating process under two 











with positive quadrupole anisotropy determination then the 
-fact 
estimated. Even if there were no quadrupole measurement to 








fferent circumstances. First, if the pulsar results were combined 


























































in square brackets in equation (4) could immediately 


use, however, departures from a flat spectrum might be co 
pared with expected deviations due to reheating to chec 
whether the waves were primordial in origin. 

What kind of reheating might we then expect to detect? 
Minimally, in the standard cosmological model, it is assumed 
that the expansion has essentially always been adiabatic. In this 
case, adiabatic heating occurs as the temperature falls below 
the mass thresholds for various known particles, whose numbei 
density is subsequently reduced by annihilation and whose 
entropy is redistributed to the remaining particles. Thus, for 
temperatures below about 100 MeV, we expect two such perio 
as first muons and then electrons annihilate. The first proce 
reduces the ratio of the energy density of gravitational wav 
to that of photons by a factor (11/18)*’*, and the second by 
factor (4/11)*”?, thus resulting ina net decrease in Q, for wav 
of period <10 yr by about a factor of 7, compared with o 
earlier estimate. 

Of course, the adiabatic expansion picture may not be cx correc 
back to temperatures of 100 MeV. Although there are sor 
constraints on changes in entropy since nucleosynthesis”; th 
period from ~! to 100 MeV is not empirically constrained, In 
particular, it is a property of several emerging particle physic 
models, notably supersymmetry, that there would tend to | 
out-of-equilibrium decay of new heavy particles in the early. 
Universe, Indeed, some of the constraints on these models come - 
from requiring that these decays must either occur befor 
nucleosynthesis, or reheat the temperature to above 1 MeV (ref: 
14, 15). It would be useful for model building if some actua 
empirical information was available about entropy generatio 
during this period. Finally, although nucleosynthesis calcu 
tions imply that there was no significant reheating since tha 
time, it has been pointed out'® that there is room for flexibili 
especially when one takes into account the fact that partich 
decays can change the remnant deuterium and helium abund: 
ances through destruction of these elements'’. A direct empiri 
measurement would thus be very useful, both in checking stan 
dard nucleosynthesis models, and in solidifying the various 
constraints on particle physics (see, for example, refs 13, 18 
which have been based on them. 

In conclusion then, the millisecond pulsar is, at present, less. 
powerful than the quadrupole anisotropy at constraining infla 
tion. However, with improved technology, it should exceed 
present quadrupole bounds and in the process not only give the 
best limits on the scale of inflation, but also provide, in principle, 
empirical information on reheating in the early Universe, the 
importance of which, to particle physics and cosmology, cannot. 
be overemphasized. - 
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Recent observations with sub-kpc resolution show that the hotspots 
in powerful extragalactic radio sources (for example, Cygnus A’, 
3C351”, 3C268.4", 3C133*, 3C20*, 3C196*) often exhibit internal 
ouble structure. One subcomponent is usually extremely compact, 
of size <1 kpc, whereas the other, which is more diffuse, often 
appears to point away from the smaller component and is usually 
further from the nucleus. We present here a model of a jet with 
variable direction that is able to account for this structure, inter- 
preting the compact subcomponent as the initial point of impact 
of the jet with the intergalactic medium and the more diffuse 
ubcomponent as a ‘splatter-spot’ formed by jet material deflected 
asymmetrically by the compact subcomponent. 

In the context of the now-accepted jet model of radio sour- 
ces”, authors differ in their interpretation of where the jet first 
deposits its energy. Laing* has suggested that the compact sub- 
component is the current point of impact of the jet on the 
trounding medium whereas the diffuse subcomponent either 
marks a.previous hotspot created at a time when the direction 
of the jet was different, or is produced by material escaping 
rom the compact hotspot (this model is also discussed by 
Lonsdale and Barthel’). Conversely, Kronberg and Jones? pro- 
pose that the diffuse subcomponent occurs at the end of the jet 
and that the compact subcomponent might arise as a short-lived 
instability in the contact surface between the lobe and the 
shocked intergalactic medium (IGM). Begelman et al? suggest 
at the subcomponents may either result from jitter in the 
entation of the jet or be simultaneous points of impact of a 
i that has become subdivided, whereas Norman et al.'° propose 
hat the double hotspot structure may be interpreted as the 
ignature of the triple-shock configuration found at the working 
surface of axisymmetric jets. Previous numerical simulations of 
ötspots'™" have concentrated on axisymmetric models predict- 
ing a single working surface characterized by a Mach disk'®. In 
this paper, we describe the result of fully three-dimensional 
calculations in which the direction of the jet is varied. 

We performed the numerical simulations by integrating the 
on-relativistic equations of ideal compressible flow, as 
described by us'*. The hydrodynamic code is a ‘flux-corrected’!? 
uid-in-cell’'* scheme and was carried out on an (X, Y, Z) grid 
of 120 x 120 x 12 = 172,800 cells on the Starlink VAX 11/780 
computer at Cambridge. We stretched the cells in two of the 
directions to provide a domain 120 x 360 x48 (so that the com- 
puting cells are rectangular parellelepipeds with sides 1 x3 x4). 
The jet was introduced in the Y-direction with a circular cross- 
Section and radius 8 units, corresponding to eight zones in the 
X -direction and two zones in the Z-direction. Elsewhere, the 
fluid was allowed to escape freely from the computing grid, 
except in the Y =0 and Z =0 planes where reflective boundary 
conditions were used. Because of the computational cost of 
ese simulations, we could only investigate a limited region of 
the available parameter space, which we chose on the basis of 
present knowledge of radio sources. Axisymmetric simulations 
ggest that jets in sources of Fanaroff and Riley (FR) class EI’? 
must be light and supersonic because only this type exhibits 
lotspots and broad lobes. For these simulations we chose a 
density ratio of 1:10 because simulations of extremely diffuse 
_ jets with density ratios of 1: 1,000 are computationally inefficient 
and at present impracticable in three dimensions. Our experience 
in two dimensions suggests that a well-developed jet with a 
density ratio of 1:10 has the same essential features (for 
example, hotspots, cocoon, backflow) as still lighter jets. To 
olate the effect of breaking axisymmetry, we fixed the input 

















































































































Fig. 1 The distributions of density (a-d), pressure (e-h) and 

projected velocity vectors (i-l) (at every other grid point) in the 

Z=0 plane for the 10° simulation shown at: 1=14.1, t= 19.4, 

t= 27.7 and t=33.1, The density contours are logarithmic with 

contouring ratio 1.4: 1. The pressure contours are logarithmic with 
contouring ratio 1.3: 1. 


Mach number of the jet equal to 10 (relative to its internal sound 
speed) and imposed thermal pressure balance between ‘the 
unshocked jet and IGM. In any case the variationin morphology 
with Mach number and pressure ratio is known to. be weak 
provided that the jets are sufficiently ‘supersonic. ; 

We investigated departure from axisymmetry by varying the 
jet direction suddenly. Although slow precession of the primary 
collimator’? is a plausible cause of asymmetry in astrophysical 
jets, we did not attempt to model this in detail because of the 
extra computational cost of providing equal resolution in all ©. 
three directions. Many of the features that would result from sos 
precession can nevertheless be seen in our models; different 
rates of precession correspond to the different epochs in our | 
simulations and variations in the cone angle are similar to _ 
different abrupt changes in the jet axis. 
















Fig.2 The distribution of density and pressure in the Z = 0 plane 
for: a and b; the 20° simulation at t = 21.5: c and d, the 3° simulation 
at.t= 25.2. The contour levels are the same as in Fig. 1. 


“It is natural to compare the results of these simulations with 
< axisymmetric calculations. Figure la and e shows the distribu- 
-tion of density and pressure in the Z =0 plane just before the 
direction of the jet is altered. These simulations and others 
carried out with higher resolution confirm that the general 
features previously reported'®'' are not severely affected by 
artefacts due to the cylindrical computing mesh. Nevertheless, 

a subtle but important difference is that the string of on-axis 
es compressions and rarefactions, caused by the interaction of the 
“jet. with its backflow, are much stronger in the axisymmetric 
case (compare Fig. le and g). We interpret this as an artificial 
‘refocusing’, in the strictly axisymmetric case, which is unlikely 
to be found in real sources. Attempts to model the knots in jets 

` using axisymmetric simulations!’ may consequently have over- 
“estimated the strength of knots that could be produced. 
However, because of the decrease in resolution in the Y and Z 
directions, the internal shocks and the jet-shock in our simula- 
tions are broader than the nearly plane bow-shock, which has 

no room to diffuse in the directions perpendicular to the shock. 

In our first simulation, the direction of the jet is changed 
suddenly by 10°. The jet immediately encounters material that 

is not receding from it and forms a weak warm-spot (we associate 

the regions of high pressure occurring behind shocks with 
enhanced radio emission'’) which quickly crosses the low- 

~ density cocoon. When the jet reaches the contact surface, the 
warm-spot pressure rises sharply as the jet then encounters 
material denser than itself to which it gives up a large fraction 

of its kinetic energy. An axisymmetric jet reverses its direction 

at the hotspot by terminating in a Mach disk!°, with a normal 
shock across the centre of the jet and conical ‘reflected shocks’ 

at the edge of the jet deflecting material away from the axis. In 
contrast, a non-axisymmetric jet adjusts to the asymmetric pres- 
ence of the cocoon wall by producing an oblique compression 
wave (Fig. 1b, f). After a small distance, this wave coalesces to 
form an oblique shock, although, in our simulations, we cannot 
resolve the exact point at which this occurs. The strength of the 
-shock is zero where it first forms, and increases with distance 
from the cocoon wall'*, After passing through the shock, the 
flow is bent by a rarefaction wave which increases the Mach 
number of the jet. We note that, for these flow parameters, the 

©: fow remains supersonic during its passage through the hotspot. 
_.. The jet then recrosses the cocoon (which still contains less-dense 
material), meeting the opposite wall at a secondary hotspot or 
‘splatter-spot’ (Fig. Ic, g). In its early stages, the secondary 
jet-shock is sufficiently oblique for the jet to be reflected super- 
sonically, forming yet another hotspot near the apex of the 
cocoon; at a later stage, the secondary hotspot becomes less 
oblique and begins to resemble the Mach disk of axisymmetric 
simulations with subsonic outflow (Fig. 1d, h), whereas later 



















Fig. 3 An indication of the loca- 
tion of radio emission for the 10° 
simulation at t= 27.7, calculated — 
simply by integrating the pressure 
inside the contact surface along a 
line of sight through the source. 
The contour levels are equally 
spaced. 








































still, the primary hotspot dominates the dynamics, producin 
its own axisymmetric backflow which cuts off the flow. to th 
secondary hotspot. The distribution of density, in cross-sec 
through the jet, shows that the asymmetric hotspot cuts a narr 
channel through the IGM because, unlike axisymmetric jets, 
waste products are able to escape asymmetrically into the Í 
viously inflated cocoon. 

We next consider the question of hotspot compactness. 
primary hotspot (where the asymmetric jet first meets the cõcoo: 
wall) is initially elongated parallel to the jet-shock, although. 
as the distortion in the contact surface increases, the jet-shoc! 
becomes less oblique and the hotspot correspondingly mor 
compact. In the plane perpendicular to the jet-shock, the prim; 
hotspot is of similar size to the width of the jet before it ente: 
the hotspot region. By comparison, the secondary hotspo 
(formed at the second impact with the walls of the cocoon) i 
much larger. Three factors seem relevant: (1) the jet is genuinely 
more diffuse as a result of the expansion wave; (2) the direction 
of the reflected jet varies as the primary hotspot distorts ‘th 
cocoon wall; (3) the reflected jet can expand in the Z-direction 
inside the previously inflated cocoon. Furthermore, the prima 
hotspot of a precessing jet may be the site of a Rayleigh- Taylo 
instability, as the contact. surface will accelerate in the directi 
of the denser IGM. Figure 1c shows a smearing of the contact 
surface suggesting that this may indeed be occurring. — 

Density and pressure contours in the Z =0 plane for th 
simulation in which the jet angle was changed by 20° are shown 
in Fig. 2a and b and are broadly similar to those in th 
simulation. The primary and secondary hotspots are both: Vi 
inside the outer bow-shock. At the primary hotspot, the. pos 
shock material is again able to flow away from the central en 
Figure 2b shows that the hotspot is not edge-brightened on thi 
side—the reason being that a smaller fraction. of its kinet 
energy is given up to the less-dense material in the cavity; 
noticeable is a pressure valley between the primary and secon. 
dary hotspots. The simulation (Fig. 2c and d) in which the 
angle was changed by 3° is, however, qualitatively different fro 
the other two: the jet is deflected by the wall of the cocoon bu 
it arrives at the apex of the cavity with its kinetic energy essen- 
tially intact and forms a single asymmetric hotspot. Thus no 
‘splatter-spot’ results; instead the post-hotspot material is deflec- 
ted through 180° producing asymmetric backflow. l 













ithout any need for additional mechanisms such as segmenta- 
ion of the jet, special viewing angles or localized instabilities. 
Below.a critical angle of jet deflection, a single distorted hotspot 
with asymmetric backflow forms at the apex of the cocoon. This 
structure is reminiscent of that seen in NGC315 (ref. 19). Above 
the critical angle, a compact subcomponent forms where the jet 
first- meets the cocoon wall: more diffuse subcomponents then 
‘result, as ‘splatter-spots’, from the oblique shock formed there. 
Our. fluid-dynamical model makes the following predictions 
about these sources. 
-(1)One subcomponent will be much more compact than the 
others. This is already known to be the case in many sources. 
(2) The jet from the nucleus currently points at the compact 
subcomponent. Although present observations have insufficient 
dynamic range to determine the path of the jet in most sources, 
the jet in 3C133 (ref. 4) certainly appears to point towards the 
‘compact subcomponent. 
(3) We expect that the compact subcomponent will be curved 
d elongated because the jet interacts obliquely with the cocoon 
all. The hotspot should decrease in strength towards the outside 
if the bend corresponding to the decrease in strength of the 
: jet-shock there. The precise direction of elongation depends on 
he relative strengths of the jet-shock and the rarefaction wave. 
‘The hotspots in Cygnus A (ref. 1) and 3C351N (ref. 2) both 
show extensions of this type. 
(4) The usual form of jet-shock in astrophysical jets will be 
oblique, with the well- studied Mach disk only arising as a special 
Case appropriate near axisymmetry. 
(5) Subsequent subcomponents have jet-shocks that are nearer 
o-normal incidence because the Mach number is reduced at 
ach hotspot. Powerful (high Mach number) jets produce multi- 
le hotspots whereas weaker sources have subsonic outflow from 
he primary hotspot. If any of the shocks are almost normal, 
then no further hotspots are possible, as a shock inclined at 45° 
ər more to the flow reduces the Mach number to order unity 
rrespective of its value upstream. 
(6) Adiabatic loss in the rarefaction wave following each 
ubcomponent may explain why few ridges of emission are 
und between multiple hotspots. 
(7) The axial ratio of the cocoon is smaller then would be 
redicted by axisymmetric models, because its sideways 
xpansion is enhanced by the inherent variation in the jet direc- 
n and by the formation of ‘splatter-spots’. 
(8) In our interpretation of a precessing jet, the compact 
ubcomponent moves around the head of the cocoon as 
envisaged in Scheuer’s ‘Dentist’s Drill’ model’. The time- 
averaged hotspot advance speed should consequently be scaled 
down by the ratio of the size of the subcomponent to its perpen- 
dicular distance from the axis of rotation. Thus the advance 
speeds of the compact and diffuse subcomponents may be 
ymparable, even though the compact subcomponent has a 
higher. energy density. 
(9) Radio emission is confined solely to the region inside the 
ntact surface (Fig. 3). If the shocked IGM, behind the bow- 
ock, contained a significant number of radio-emitting parti- 
es, then the structure of such a source would be qualitatively 
different from that observed. In particular, the hotspots would 
be surrounded by edge-brightened emission from particles accel- 
rated at the very broad bow-shock. Also, the distortions 
observed in radio-trail sources’? and in the bridges of classical 
doubles?” are not consistent with emission from the pre- 
dominantly convex bow-shock. 
We thank Drs Robert Laing and Peter Scheuer for helping 
“to formulate these ideas. 
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The discovery’ that Pluto’s mass is insufficient to explain the 
discrepancies in the motions of the outer planets has led to the 
prediction of a tenth planet (planet X) of mass ~ 1-5 Mo beyond 
the orbit of Pluto (50-100 Au)”. Further, the existence of a belt 
or disk of comets beyond the orbit of Neptune (235 av) has been 
proposed in connection with some theories of the origin of the 
Solar System** as a possible source of short-period comets® and 
indirectly as a source of long-period comets”*. Here we point out 
that the existence of both planet X and the comet disk at their 
expected distances may explain not only the observed planetary 
motions and the origin of comets, but also the recently reported 
28-Myr periodicity in terrestrial cratering™™ and in mass extinc- 
tions'''?, The cratering period is associated with the precession. . 
of the perihelion of planet X caused by the perturbations of the 
outer planets. 

During the lifetime of the Solar System, planet X will have 
swept out a gap in the comet disk of width determined by its. 
perihelion and aphelion distances*. Assuming the planet's orbit 
has modest eccentricity and inclination to the planetary plane, 
then the perihelion (aphelion) will pass close to the inner (outer) 
gap edge twice during each 56-Myr precession period. The 
resulting shower of comets from either or both edges will be 
concentrated near the planetary plane, thereby facilitating cap- 
ture into short-period (SP)-comet orbits. In the steady state, 
comets near the gap edges will be resupplied between showers 
by diffusion®. 

The precession period, T.,, of planet X can be approximated 
by considering the planets as uniform rings of masses M, and 
radii equal to their semi-major axes a,. The perturbing potential 
(and precession rate) on a planet of semi-major axis a outside 
a ring is well known (see, for example, ref. 13). Using these 
results we obtain for the semi-major axis 


a -fsi i] ]*/’ 
[ngum] 


where the masses are in solar units, semi-major axes are in AŬ. 
and T,, is in yr. Here i and e are respectively the orbital 
inclination and eccentricity of planet X. The required semi-major 
axis is seen to be quite insensitive to these orbital elements and 
the precise value of T,. Setting T, =56 Myr gives a~ 100 AU.: 
At this distance planet X is potentially observable. both opti- 
cally??? and in the infrared’*. The infrared astronomy satellite 
(IRAS) 100-um band is capable of detecting a 1 Mg planet at Ss 
~160 Au". 



























ee of several periodic comets'> and the IRAS 
limits'®. If the inner-disk mass is © Mọ, a correction 
uldi increase a by less than a few per cent. A massive 
'7 could conceivably be primarily responsible for the 
; period; further, if planet X (like Pluto) is in a resonant 
ith Neptune, then equation (1) may not necessarily be a 
— good approximation—in either case the perihelion will still 
- _precess or librate, but the semi-major axis required for a 56-Myr 
periodicity will in general differ from the above estimate. 

In the context of our model the inclination of the orbit of 
planet X should be greater than the angular thickness of the 
comet disk near the edge. The mean inclination of the SP comets 

~ {assuming they originate in the disk) suggests that i= 10°. Thus 

n both the semi-major axis and inclination required by the pre- 

cession model are consistent with previous predictions based 

onthe anomalous residuals in the motions of Neptune and other 
planets?” 

As it is unlikely that comets were formed in the low-density 
environment.of the Oort cloud, it is often assumed that they 

~ originated in the neighbourhood of Uranus and Neptune** 
- Planetary perturbations would then populate a hypothetical'® 9 
‘massive inner cloud (<2 x 10* AU) while subsequent stellar per- 
‘turbations could maintain the observed Oort cloud”. In this 
picture we would expect a primordial belt or disk, of comets 
beyond Neptune’s influence (235 AU) still to exist**. The pres- 
ence of Pluto, whose mass is now known to be ~107* Mẹ, 
would, unlike planet X, not significantly perturb the disk. 

‘Because of apparent difficulties in capturing a sufficient num- 
ber of SP comets from long-period comets, Fernandez® has 
proposed a model in which the observed SP comets originate 
in such a disk. Comets from the inner-disk edge are passed on 
to Neptune by a diffusion process driven by massive comets 

_ within the disk. According to Fernandez, about one comet per 
| year with mass > 107 g is needed to diffuse into Neptune’s zone 
-of influence to account for the steady-state flux. The comets are 
then passed on to Uranus and Saturn, finally becoming Jupiter- 
family SP comets. The process is highly efficient with about half 
the comets being passed on by each planet so that ~1/16 of all 
comets diffusing into Neptune’s zone end up as SP comets. In 
the context of a diffusion model, conservation of angular 
momentum requires that a roughly equal flux of comets diffuse 
outwards, which is analogous to an isolated accretion disk whose 
outer rings must expand so that the inner rings can accrete. In 
the following analysis we assume only that the steady-state SP 
comets originate in the comet disk and that they diffuse into 
Neptune's influence at the ‘observed’ rate of ~| comet yr’. The 
diffusion may be driven by massive comets or by some other 
mechanism. 

We shall assume that the diffusion process continuously 
repopulates transition zones of scale length, o, near the gap 
edges. If the gap is determined by the perihelion, q, and aphelion 
of planet X, then a steady state will exist in which the number 
of comets perturbed out of the transition zones every 28 Myr 
by planet X equals the number of comets diffusing into the 
zones during this interval. To model the time dependency of 
the flux of scattered comets, we assume a gaussian distribution 
„of comets in the transition zones. The flux of comets scattered 

from the inner-gap edge is then approximated by 


a 2 
$ scattered (t) a Ad difusion exp |- (= 2) | (2) 
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where r, is the distance of closest approach of planet X to the 

-= disk during a single orbital period and A is a normalizing factor. 
When the argument of perihelion, œ, is near 0 or a it can 
be.shown that for a thin disk 


Qne(1—-e) ( 3) 
-a= re FNT, (3) 
Inserting this into equation (2) and evaluating A from the 









In our r esti nate of a, we have neglected any contribution due 
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We define the shower interval, At, as twice the time req 
for the flux to decrease from maximum (= Preaverea(O)) t to 
of maximum, thus 


At apes za”? 2o 
Ta li e(l —e) 25 


average steady-state condition |y” 
gives 
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In the diffusion model® o is typically ~0.3 AU depending 
the maximum mass of the comets in the disk. However, the disk 
may be truncated by planet X itself, analogous to the trunca 
of stellar accretion disks by low-mass binary companions”, This 
mechanism can be especially effective if resonances are impor- 
tant (see below). Thus, although o = 0.3 AU gives an acceptab) 
shower duration (for 0.2< e<0.5), values much less than t 
may also be possible. K 
We now discuss the number of terrestrial impacts of comets 
of mass =10°5 g expected, given that 28 x 10° such comets are 
perturbed in the planetary plane during a shower. The fraction 
of these comets that are scattered into orbits with perihelia 
within the influence of Neptune is ~(2a,/q) (1 — ay/2q) whe 
ay is Neptune's semi-major axis'®: setting q = a(1—e)= =70 
gives ~1/2; these comets are passed on fo Uranus, Saturn and 
Jupiter with a similar efficiency of ~1/ 2°?! The correspon 
fraction of comets reaching Neptune’s orbit that ultimately 
become part of the Jupiter family of SP comets is ~1/16 a1 
thus the number of SP-shower comets is ~28 x 10° x 1/32~ 
Of these Jupiter- family comets, ~0.1 will have perihe 
<1 AU”, yielding ~ 10° Earth-crossers. The probability per pe: 
helion passage that one of these SP comets will strike the Earth 
is? ~7 x107. Thus the expected number of terrestrial impa 
af shower is ~(10° comets) x(n revolutions per comet) 
(710° impacts per revolution) ~7 x 10~* n. To restrict n, W 
require that the cratering rate due to SP shower and steady stat 
comets be less than the total observed rate. 
According to Weissman”’, average SP comets of mass >10 
will produce =20-km diameter craters. The observed mean 
cratering rate over the last 300 Myr, for craters of diameter 
=20 km, is* 0.35 (+0.13) x 107'* km~? yr“! corresponding to 50. 
impacts per 28 Myr interval. Assuming a mean mass index® of | 
1.75, one of these impactors will have a mass 2 x 10'7 g. In the 
context of our basic model we expect the SP shower and steady 
state contributions to cratering to be comparable. We thu 
require 2x7 X107* n <50 or n<3.6 x 10* revolutions, which i 
compatible with various estimates of the physical lifetime of 
comets”*3?5, The lower limit on n depends on the unkno) 
number and mass of shower impacts necessary to trigger a mas 
extinction event. 
Although our basic model implies comparable Aumbe 
shower and steady-state impacts, the shower contribution t 
actually dominate as we have neglected the contributio 
showers from the outer gap (aphelion). Further, we have ne 
ted any contribution associated with resonant scattering 
potential importance of which is apparent in the Kirkwood ga 
in the Asteroid belt and in Saturn’s ring system. The contributi 
from the 2:1 and 3:2 resonances, in particular, ma y dominat 
the non-resonance scattering considered above”’. For a: 
100 Au, these resonances would scatter comets in thei inner dis 
near rings at 63 and 76 AU. Resonant scattering will be extremely 
effective if one of these rings is at or near perihelion, correspond- 
ing to e~0.37 or 0.24 respectively. Resonant scattering at 
aphelion could also be important in the outer disk. These con- 
siderations suggest that the total number of shower comets may ` 
significantly exceed the number of meaty siate S SP comets. The 












00% ) owing to the uncertainty in the ph 
objects”. : 

andom impacts by 10-km bodies are expected to occur with 
ean frequency of ~50 Myr”®. The absence’ of any associated 
mass extinctions and the evidence that some extinctions 
e over ~ 1-Myr intervals both suggest that these events 
rimarily associated with the enhanced rate of impacts 
a shower (or some other shower-related phenomenon) 
ith the impact of a single 10-km comet, although 
‘is also expected occasionally. 
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presence of a particulate or gaseous ring in Saturn’s outer 
jagnetosphere at distances of 14 and 19 radii from Saturn was 
redicted by Lazarus et al.' based on the analysis of ion density 
surements by Voyagers 1 and 2 and Pioneer 11. The ring 
structure at 14 radii from Saturn was detected by Vasundhara et 
” from the occultation observations of the star SAOQ158913 on 
and 25 March 1984. We report here the detection of a ring 
system at 19 radii using photoelectric observations of the occulta- 
ion of the star SAOQ158763 on 12 May 1984. 
The predicted occultation of SAO158763° was observed with 
the 104-cm telescope of the Uttar Pradesh State Observatory 
Fig. |). The continuous data recorded from 18 h 39 min to 
50 min. UT on 12 May 1984 show several prominent dips‘, 





lic. showe 

exist, then periodic comet showers. at th 
icy Inay be a natural consequence. The perihelion pre 
cession period of planet X is expected to be highly stable over 
a 250-Myr interval, in contrast to the solar companion model 
in which the orbital period is expected to random-walk away 
by ~15% over this same interval ™®. At present, the fossil 
record cannot alone discriminate between these two: predic- 
tions. 

We thank Drs A. A. Jackson, M. E. Bailey and J. A. Fernandez 
for helpful suggestions. This work was supported in part by the 
NSF grant AST-8405077. 
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but our observations of predicted occultation of the star on 13 
May 1984 from 14h 27 min to 16 h 30 min UT do not show any 
such features. The observed variations are within the observa- 
tional scatter of +0.03 mag. 
The mean deflections were read from the recorder tracings of 
12 May at intervals of 10s. The light variations shown in Fig. 
| were obtained after correcting for atmospheric extinction. The 
light diminution is clearly visible between 20 h 38 min and 21 h 
29 min UT. The light was almost constant before 20h 38 min 
UT and after 21 h 29 mag UT to the end of observations at 21 h 
50 min UT. Five prominent shallow dips of 0.25, 0.15, 0.16, 0.30. 
and 0,20 mag were observed at 20 h 53.5 min, 20 h 57.8 min, 20° 
h 15.2 min, 21 h 17.4 min and 21 h 26.0 min UT respectively, 
termed A, B, C, D and E zones respectively. The recorded 
intensities of the star corresponding to these. dips are shown in 
Fig. 2. The most striking features are three prominent spikes at 
20h 53 min 28s, 21h 17 min 14s and 21h 23 min 48s UT, of 
approximate durations of 2.5, 4.0 and 6.5 s respectively. 
Assuming that the ring system lies in the equatorial plane of 
the planet, the distances from the centre of Saturn and the width 
of the zones A-E and the ring condensations corresponding to 
spikes 1-3 were calculated and these are given in Tables 1 and 



















bserved at Naini Tal of SAO158763 
m12 May 1984. Observations were | 
de using a B filter and EMI 6094S | 
‘photomultiplier, cooled to ~20°C. oo 
The photomultiplier output was con- | 
nečted to a photon counting system 
and data recorded as a continuous at 
| 
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1 The occultation light curve | 


series of 0.8-s integrations of photon 
“counts; a strip chart recorder was 
used to display the signal. The sky oz! 
transparency was monitored with a | 
photometer attached to the 26-cm l 
finder telescope. A sufficiently wide aa 
Aperture of about 200 arc s was used [ 
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‘to record the brightness of Saturn 








ith the finder telescope. The star Sa i 
as guided with another 20-cm fin- 
er telescope. The sky transparency 
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also monitored photoelectrically by continuously recording the light of the star SAO158808 (m, =6.4 mag) using a B filter with the 38-cm 


_ telescope located about 185 m from the 104-m telescope. After applying corrections for atmospheric extinction, the sky transparency monitored 


h the two telescopes 





id not show variations more than +0.03 mag throughout the period of observations. 
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Fig. 2 The observed light variations corresponding to zones 
A to È. 
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Table 1 Star occultation events 
ieee tinea ee E E RE a ME 


Pg ee es Maximum light Mean distance Approximate 

Ring feature diminution from Saturn width 
“gone (mag) (R,) (km) 

A 0.25 20.07 3,100 

B 0.15 19.98 4,100 

Cc 0.16 19.66 2,500 

D 0.30 19.63 2,200 

E 0.20 19.47 5,300 


The coordinates and the distance of Saturn were obtained by quadratic 
interpolation of the coordinates given in Astronomical Almanac 1984. 
The coordinates of the star were taken from the SAO catalogue and 
“coordinates of the star during the event were obtained using the method 

` given in Astronomical Almanac (1983, B18). 


ete eect ieee 
Table 2 Occultation spike events 





Mean 
Maximum distance 
Mid-time light from Approximate 

Spike {uT) Duration diminution Saturn width 
no. h min s (s) (mag) (R,) (km) 
1 20 53 28 2.5 0.48 20.07 45 
2 20 17 14 4.0 0.66 19.63 70 
3 21 23 48 6.5 0.85 19.51 120 
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2 for zones and spikes respectively. We obtain a value for the 

-approximate width of the ring structure as 56,500 km, extending 

_ from 19.41 to 20.36 R,. The orbit of Titan is located within the 
__ width of this ring structure. The light variations shown in Fig. 

1 show that the ring structure can be divided between two 
broader zones. One broader zone extends from 20 h 38 min to 
21 h 04 min UT, with an approximate width of 29,000 km, taking 
in the two prominent zones A and B; the second extends from 
21h OSmin to 21h 29min UT with approximate width 
26,400 km, including zones C, D and E. 





ight variation, corresponding to ze 

the density of the particulate or gaseou: 

tematically with a maximum density and’ 
condensation lane near the centre of the zone. The densi 
the matter in zones B, C and E shows irregular variation 
there are large irregular variations in the distribution o} 
matter in zone E, with signs of the beginnings of a cond 
lane. z 
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Fluid dynamic processes associated with the injection of new pulses 
of magma into magma chambers have received increased attention 
recently’. especially chambers replenished from below with he 
ter, denser magma of more primitive composition’. The resul 
of several laboratory analogue experiments** have shown th 
dynamical effects of crystallization following replenishm 
be quite different when the two layers have similar, or very d 
viscosities. The experiments reported below have exami 
effect of viscosity differences on the filling process itself. When 
turbulent ‘fountain’ of fluid of low viscosity v, is injected u i 
into a less dense fluid of higher viscosity (v,), the two fluid: 
mix thoroughly or not at all, depending on the relative magniti 
of an input Reynolds number Re, = wd/v, and the viscos t 
v/v, where w is the mean velocity and d is the diameter of ti 
input. The criterion for mixing can be expressed alternativi 
wd/v,> k, a constant, in agreement with a more general theoretical 
argument which is also outlined here. When applied to magma 
chambers, our results imply that basaltic magmas will mix rea 
but that a basaltic inflow will mix with a silicic host magma y 
with great difficulty. Ë 
A very slow input of dense fluid from below mixes little, 
whatever the viscosity ratio, and forms a distinct layer with a 
sharp interface above it. This condition has been taken as the 
starting point for subsequent studies** of the cooling and crystal- 
lization in the lower layer, followed by overturning. Systematic 
changes in the petrology and mineral chemistry in sequence 
cyclic units in layered intrusions, and the occurrence of chri 










































consider the ‘fountain’ model®, in which denser fluid is inj 
upwards as a turbulent jet with excess momentum and falls back 
in an annular region surrounding the upflow. For aqueous. 
solutions, with comparable viscosities in the fountain and o 
side it, there is appreciable entrainment, so that the bottom o 
the tank or chamber becomes stratified. The hybrid layer, whic 
contains a variable mixture of the host and input fluids h 
depth greater than that of the added fluid. The dyn: cs 
these processes can be understood using a combination of p 
vious reversing-plume’ and filling-box’® laboratory models. 
Our laboratory experiments show, however, that whe 
denser fluid (such as K,CO, solution) is injected into a tank of 
pure glycerol, at an input Reynolds number of about 10°, mi 
is completely suppressed (see. Fig; 1). If the experimen 
repeated using water as the host fluid, with the same inflow rate 
and the same density difference, the two fluids mix thoroughly, 
as described above. The difference between the two experiments 
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Fig. 1. A fountain of K CO; solution injected into a tank of less 
dense glycerol at a value of wd =68cm’?s~', shown here on a 
negative print. Note that the fountain is fully turbulent as it passes 
through the inviscid layer but that its boundaries with the upper 
viscous layer are smooth. (The crown plume which forms around 
the fountain results from the double-diffusive transfer of water 
across the interface.) Scale is in centimetres. 


esin the ratio of the viscosities of the host (v2) to input fluids 
vi} which is 400 in the first case and 0.5 in the second. These 
observations reveal that v,/v, has an important influence on 
ie mixing properties of fountains. But what is the influence of 
viscosity on mixing in fountains and, given that the inflow 
remains fully turbulent, what are the criteria for the reduction 
and. final elimination of mixing? 

The external parameters, in terms of which the mixing must 
2 described, are the mean velocity w and the diameter d of 
e input, the kinematic viscosities v, and v, of the input and 
host fluids, and g’= gAp/p, where Ap is the density excess of 
the injected fluid. From these can be formed three independent 
dimensionless groups; two of these have already been intro- 
duced and the third has the form of an internal Froude number: 


Re, = wd/ v; v2/¥,; w/(g'd)'? (1) 


Alternatively, as developed previously’ for the case of equal 
viscosities, two overall source parameters, the momentum flux 
oc wd? and the negative buoyancy flux Foc g'wd? can be 
sed to form an overall length scale J and a velocity scale v for 
a turbulent fountain 


loc M3/4 F2 (2) 
vx MAR (3) 


The total height /, of fountains with v, = v, is proportional’ to 
equation (2), and the constant numerical factor (c, say) has 
been evaluated experimentally (using various values of w, d and 
Ap over a much wider range of conditions than in the present 
experiments). 

The product of equations (2) and (3) is independent of F, 
and proportional to wd, so that Re, is an appropriate Reynolds 
_ number to describe the whole flow, not only the input conditions. 
->F enters indirectly through its effect on the height of rise. In 
the experiments described below, both Re, and Ap, and hence 
F, were kept fixed for each series of experiments, and thus the 
< dependence of mixing on v;/v, alone was tested directly in a 
nearly fixed geometry. Although, in principle, the numerical 
"constant c, relating |; to equation (2) could also depend on 
t/v, no such direct viscous effect was detected. The decrease 
_ in upward momentum causing the flow in the fountain to reverse 
was in all cases dominated by buoyancy acting on the inner 
turbulent flow and the interaction between the upward and 
downward parts of this inner flow, not by entrainment of the 
outer fluid. 

nsidér now the standard description’ `of the energy balance 
and the entrainment mechanism for a turbulent jet entering 








the turbulence at a rate 


through large eddies whose length and velocity scales are respec- 
tively comparable to the half width and the local mean velocity 
(corresponding roughly to the large-scale convolutions at the 
edge of the fountain). External fluid is engulfed by these large 
eddies, and is then mixed in by smaller scale turbulent motions 
which are generated by the breakdown of the energy-containing 
eddies. Energy is transferred by inertial interactions to smaller 
and smaller scales, and viscosity remains unimportant until the 
energy is finally dissipated by eddies with length and velocity 
scales of the order, respectively, (v3/e)'/* and (v,e)'/*. These 
are the Kolmogorov scales, at which viscosity becomes impor- 
tant: their definition also implies that the Reynolds number 
based on these dissipating scales is of the order of unity. The 
rate of entrainment into turbulent fountains at high Reynolds 
numbers Re, = wd/v,Xvl/v, is not directly affected by the 
dissipation scales, that is by viscosity. As Re, is reduced below 
some minimum value, however, the flow ceases to be fully 
turbulent, and at Re, ~ 0(10) the fountain becomes laminar and 
turbulent entrainment ceases. 

When a fluid of high viscosity v, surrounds the turbulent fow 
and v, > v,, the host fluid can be entrained only when the inertial 
forces associated with the turbulence can distort or wrinkle the 
bounding surface. The form of the limiting condition, at which 
viscosity inhibits any such distortion, can be obtained by equat- 
ing the scale of the energy containing eddies of the turbulent 
flow to the Kolmogorov scale of the outer fluid which is being 
entrained by these large eddies: 


~(v3/e)'/* (5) 


Eliminating £ from equations (4) and (5) gives 


Can (6) 

#2 
This result can be derived in various (equivalent) ways, for 
example, by requiring that the normal stresses generated by 
turbulence be large compared with the viscous stresses generated 
when the interface is deformed in the manner necessary for 
mixing. It states directly that viscous and inertial forces are. 
comparable at the scale / in the outer fluid, and it might have 
been taken as the guiding hypothesis ab initio. The derivation 
through equations (4) and (5) does, however, relate it more 
firmly to previously accepted ideas about turbulent jets. Using 
again the result (derived from equations (2) and (3)) that vl oc wd, 
equation (6) implies that the rate of mixing will be unaffected 
by any further reduction in v, provided 


wd 

Re, =—~> k, a constant (7) 
v2 

That is, the criterion for mixing is determined by the input 

parameters d and w of the fountain and the viscosity r, of the.. 

outer fluid, and is independent of v;, the viscosity of the inflow. 

It can also be written in terms of the inflow Reynolds number as 


Re,=——->k~— (8) 
v al 
In this form, the relation predicts that as the viscosity ratio. 
increases, the inflow Reynolds number must increase in proper ae 
tion if mixing is to remain possible. so 
The above theoretical arguments and particularly the relation 


(7) provide the basis ọn which to interpret the experimental nes 


results. Three series of experiments have been carried out to 
test the influence of v, on mixing into fountains, with the othe 
parameters kept constant, as set out in the caption to Fig. 2. 
For each series, wd and Ap were kept fixed, the latter being _ 
chosen to give an experimentally-convenient height of rise h of ~ 
the initial fountain. The total amount of fluid supplied to the 



































Fig. 2 The results of ‘fountain’ experiments carried out in a tank 
400 x 196x297 mm deep, using a fixed nozzle 7.2mm diameter, 

_ and three inflow rates, corresponding to the different symbols. The 
_ formalized entrainment H(=h/h*, as defined in the text) is plotted 
against. the viscosity v, of the host fluid in centistokes, on a 
logarithmic scale. A, w=94cems"', wd=68cm*s"', Ap= 
0.10 gcm™*. Input fluid: -K,CO, solution, v, =2.46 centistokes. 
“Host fluid: mixture of glycerol and K,CO, solution. O, O, @, 
w=25cems"', wd=18cem?s"', Ap =0.05 gcm™*. O, Input fluid: 
KCO; solution, v, = 2.04 centistokes. Host fluid: mixture of gly- 
-eerol and K,CO, solution; @, input fluid: NaCl, v, = 1.06 centi- 
‘stokes: Host fluid: sodium-carbon-methyl-cellulose (CMC) in 
water. @ (connected by dashed line): fountain height was compar- 
‘able to experiments with wd = 68 cm? s™'. 0, w=5.4cms”', wd = 
3.9 cm’ s~}, Ap = 0.0020 g cm~?. Input fluid: NaCl solution, n= 
1.05 centistokes. Host fluid: CMC in water. The arrows mark the 
viscosities at which the entrainment is predicted (using equation 
(8) with k = 30) to fall to half its maximum value in the experiments 
with wd = 18 cm°s™' and wd =3.9 cm? s™'. The displacement of 
these arrows from the corresponding experimental curves is a 

measure of the direct effect of v, in reducing entrainment. 





¥,= 47 Centistokes 








‘Fig. 3 A plot of the amount of entrainment (H) against v, (in 

centistokes) on a logarithmic scale, measured in experiments with 

constant v, (=47 centistokes) and wd = 18 cm’ s~'. The measured 

entrainment heights have been normalized to the amount of 

entrainment (h°) expected from the previous experiments with 
wd = 18 cm? s~', as read from Fig. 2. 


fountain was also kept constant in each series, and this was 
recorded as the height h, of the column of liquid added to the 
rectangular tank. 

_. The ‘entrainment height’ h was measured by substracting h, 
‘from the height h,, of the mixed or hybrid layer at the bottom 
of the tank, that is h = h,,—h,. (Note that the hybrid layer will 
now have a gradient of viscosity, as well as density.) The 
maximum entrainment in each series, equivalent to an entrain- 


Ment height h*, was obtained at the minimum value of v. The 


results for the different series of experiments (each carried out 
th different values of 1, and h,) can be compared by normaliz- 
with h* in each case and defining H = h/h*. 
e results of the three-series of experiments plotted in this 
Way are summarized in Fig. 2, where H = h/h* is plotted against 
vı on a logarithmic scale. Note the following features, which 
are in accord with the theoretical result given by equation (7): 
(1) For any value of wd there is a critical value of v, (= v5) 

























below which changes in the viscosity of the host fluid 
influence on mixing. ee 
(2) Once v,> v5 the viscosity of the host fluid has a contro 
ing influence on entrainment, which then falls sharply a 
becomes very small at values of v,> 10v%. ae 
(3) The higher the value of wd, the higher is the value of r 
at which the viscosity of the host fluid first influences entrainme’ 
The slope of these curves (the rate of change of H with log v 
over the range of values of v, for which v, has the strongest 
influence on entrainment, appears to depend on the geome 
of the fountain, in particular the initial fountain height. Th 
height was 1, ~ 50 mm for the experiments with wd = 3.9 cm 
and 18 cm? s™' and the shape of the curves is also similar 
these two cases. In the experiments with wd = 68 ems |! 
however, /~ 170 mm and the slope of the curve is appreciably 
greater. Two additional experiments were carried out with | 
18 cm? s™' explicitly to test this dependence on 1,. The he 
of the fountain was adjusted (by lowering Ap) to be the sa 
as for the wd = 68 cm’ s”' experiments and the slope of the ne 
curve, defined by the solid data points on Fig. 2, does m 
the higher slope of the wd =68 cm? s™' relation. These res 
indicate that the measured value of v5 will depend not onl 
the considerations leading to equation (7) but also ‘on. 
geometry of the fountain. Similarly the value of v, at. whi 
entrainment falls below some arbitrary fraction, say 10% of h 
will also depend on l. Note, however, the corresponden: 
between the ‘entrainment midpoints’ (H =0.5) for the expe’ 
ments with wd=18cm’s~' using the two fountain heigh 
Suggesting that this point may be less sensitive to. fou 
geometry and its position predictable. ae 
If the relation (7) is valid over the whole range of paramet 
a single value of k should describe the H =0.5 points for 
the experiments. Taking the experiments. with the largest va 
of wd = 68 cm’ s™' as standard, we find k = 30. The correspo! 
ing viscosities for the other two series of experiments calcu 
from this value of k are marked with the arrows. The calculate 
entrainment midpoint for wd =18 cm? s™! lies at a value 
20% above the experimentally-determined value, slightly 
side the experimental error, but at wd =3.9 cm° s™' the calcu 
lated viscosity is almost twice that of the experimental value. 
The substantial agreement at the higher wd values support 
the prediction contained in equation (7), that entrainment a 
high inflow Reynolds numbers is controlled by v, and is indepen- 
dent of v,. We emphasize again that equation (7) is valid only 
when the input fluid is fully turbulent and v, > v,, and that the 
effect of v; is indirect, acting through its influence on the. 
distortion of the interface. The increasing disagreement at lower 
wd values is explained by the fact that Re, is then so low that 
the turbulence in the fountain is being directly damped by v. 
v and v, are also more nearly comparable over the critical 
range of values where v, influences entrainment. This hypothesis 
was tested by carrying out a series of experiments in which v, 
was varied, at a constant value of v,, as plotted in Fig. 3. The 
results show that v, had a minor influence on entrainment unti 
v, reached a value such that Re, ~ 200 and v./v,~8. At values 
of v,/v, below 8 there was a sharp decrease in entrainment. 
and v, then had a dominant influence on the entrainment pri 
cess. Experiments at higher values of wd and v,/v, than the 
maximum reported here (which are not easily achieved in ou 
laboratory) should eliminate these direct effects. of v and p 
duce better agreement between experiment and the high- 
nolds number theory. Be 
The main results of this work can be summarized thus: 
Re, > 400, v; has no significant effect on mixing, which is. 
trolled by v2. In this regime, the value of Re;= wd [ey 
which the mixing is reduced by 10% relative to its value at la 
Re, is k~70 and a 50%. reduction is attained at k= 30. ~ 
The experiments provide a plausible first test of the theoretical 
ideas presented and give us some.confidence that the principles 
discussed will be more generally applicable. Equations of the 
form (7) or (8) should apply also to turbulent jets and. plumes. 
passing through a more viscous host fluid, although the numeri- ° 





























































































































bly: vary with the type 
the criterion for mixing, wd > kra, is applied? 


imitive basaltic magma is injected into a chamber containing 
tactionated basaltic magma, the two magmas will mix readily. 
However, if basaltic magma is injected into a chamber contain- 
g a much more viscous silicic melt, little or no mixing will 


We thank Professor G. K. Batchelor, Dr H. E. Huppert and 
r-G. N. Ivey for discussions which helped to clarify our 
theoretical ideas. 
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We describe here the first autonomous permanent deep lakes found 
in the Amazon lowlands. Permanent Amazon lakes have hitherto 
_ been considered unlikely because the ubiquitous rivers meandering 
over flat terrain should obliterate ancient basins, resulting in lakes 
bject to annual flooding, the so-called ‘varzeas’'*. The lakes 
ribed here. are in the rain forests of Ecuador in western 
mazonia, within 100 km of the Andes mountains, but at elevations 
ow 700 m (Fig. 1). They occupy either deep abandoned channels 
h-energy rivers or closed volcanic basins. Sedimentary his- 
tories and pollen data over several millennia from these lakes 
record. disturbance of the Amazonian ecosystem by flooding, 
couraging the view that high Amazonian species-richness is 
aintained by non-equilibrium processes**, 

he lakes were found in field surveys in the summers of 1982 
and 1983. We used motorized rubber boats to make bathymetric 
s with a recording sonar, to sample for plankton, water 
chemistry, '*C productivity, thermal stratification and light 
penetration and to raise sediment cores with a Livingstone piston 
sampler. Tables 1-4 give radiocarbon ages, water chemistry and 
physical structure, productivity and common algae for both sets 

lakes. 

-Lakes Ayauch' and Kumpak’ are in remote parts of southern 
Ecuador, at the foot of the eastern cordillera of the Andes, 
between the 300 and 700-m contours. We give the names. used 
by the Shuara (Jivaro) people native to the region. Both basins 
are.closed, encircled by rims and have concentric bathymetry. 
The rim of Ayauch’ is steep and includes embedded boulders 
hich appear volcanic. A sediment core reveals a base layer of 
idspar-rich pyroclastic deposits with pebbles of pumice under- 
ig 3.6 m of black organic gyttja. A radiocarbon age of 7,010 + 
O yr at the base of the gyttja is the oldest date yet obtained 
Amazonian lowlands (Table 1). 


gmas, the conclusion is very clear. Our results show that if 
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Fig. 1 Location of lakes in Ecuador. 1, Ayauch'; 2, Kumpak’; 3, 
Limoncocha; 4, Garzacocha; 5, Taracoa; 6, Afangucocha; 7, Santa 
Cecilia; 8, Lago Agrio. 





Table 1 Radiocarbon dates from Amazonian lake sediments 





“C date 

Lake Core Depth (cm) (yr BP) 
Ayauch! (A) 352.0-362.0 7,010 + 130 
Kumpak* (A) 461.0-476.0 1,900 + 140 
Kumpak* (A) 952.0-965.0 4,090 + 100 
Kumpak* (B) 968.0-982.0 3,840+ 220 
Kumpak* (B)  1,264.0-1,276.0 4,040 + 130 
Kumpak* (B) 1,846.0- 1,862.0 5,120+ 100 
Limoncocha (A) 160.0-173.0 7554135 
Limoncocha (B) 169.5-180.0 960+ 140 
Limoncocha (B) 555.0-565.0 1,230 + 120 
Añangucocha 112.5-118.0 830+ 160 
Afiangucocha 279.0-283.0 1,320 + 160 
Añangucocha 315.5-319.0 2,170 £150 
Añangucocha 344.5-348.5 3,140 + 140 
Añangucocha 444,5-449.5 3,020 + 130 
Añangucocha 484.0-494.0 3,040 + 80 
Santa Cecilia 331.0-342.0 610+ 100 
Santa Cecilia 5$2.0-564.0 785+ 100 
Lago Agrio (D)  126.0-135.0 6754190 





The Kumpak* sediments revealed by an 18.6-m core under 
19.5 m of water are allochthonous clay with organic matter. The 
core is banded throughout with alternating dark and pale layers 
of clay-rich gyttja interspersed with many distinctive clay 
laminae several millimetres to 12 cm thick, together with a few 
thin bands of tephra. X-ray diffraction of the clay laminae shows 
sharp reflectivities at 20.80 and 26.666 (both quartz), but with 
little or no clay minerals. This suggests that the Kumpak* catch- 
ment is made of young quartz-rich volcanic material. Both lakes 


can be seen from the air to lie significantly above the neighbour- 


ing rivers. We conclude that both occupy. explosion: craters 
(maars), making them the first volcanic lakes identified in the 
Amazon Basin. 

Ayauch’ appears blue from the air, although overhung by rain. 
forest on all sides. It has a secchi- disk transparency of 4.5 m, 


oxygen to 20m, and a maximum. depth of 40m (Table: 2). a 


Thermal stratification is minimal, the temperature falling only 
1°C in 25 m. “C productivity of 84 mg C m°? h™' is not abnor- 
mally low for Amazonian lakes, although allowing the designa- - 
tion ‘oligotrophic’ (Table 3). Algal biomass, however, is low. 
This, coupled with an absence of humic colour and suspended 
mineral particles, allows light to penetrate, giving a blue colour 
to the water, unique for a rain forest lake. We suggest that the 


deep penetration of oxygen is a function of the consequent _ 


photosynthesis in the deeper parts of the lake: 














































f Kumpak* Kumpak* 
; ; Parameter Ayauch’ 1982 1983 Limoncocha Garzacocha Taracoa Afiangucocha St Cecilia : 
Latitude 2°5'S IXS 3°2'S 0°24 S 0°35'S 0°33'S 0°40' S 0# N 7 
Longitude 78r W 77°49 W 77°49 W 76°38 W 76°20 W 76°45' W 76°25' W IEW 76°55" 
Area (km°) 0.04 1.29 1.29 2.04 0.28 0.40 0.16 0.06 
“Max depth (m) 40.00 19.00 19.00 3.10 2.30 2.20 4.30 7.50 
Conductivity (uN cm™') 283.00 60.00 110.70 118.00 75.00 373.00 49.00 70.00 
0.24 0.62 0.57 0.99 0.40 0:37 0.24 0.67 
6.47 6.80 7.20 9.00 7.40 5.90 6.00 7.60 
Surface temperature (°C) 28.20 26.50 26.90 28.00 28.00 26.50 26.80 26.00 
. Bottom temperature (°C) 27.50 23.50 23.00 25,00 25.00 23.80 22,90 24.70 
Secchi depth (m) 4.50 0.98 1.85 0.51 0.75 0.80 1.25 2.00 
NH4 (mg N1} 1.00 0.93 2.46 0.33 0.87 0.86 0 1.72.” 
Roe 3 (ug NT?) 11.60 > 0.80 — — — — — 
< POS (gP II) 3.73 36.60 10.81 75,00 138.00 108.00 60.00 69.00 
3 sot (mgs, 17°) = 2.30 = 4.30 0.06 0.07 0.03 6.45 
Si (mg 14) 3.50 1,10 3.40 31.50 21.10 4.10 5.50 24.80 
CK Omg 179 5.57 e 5.35 — ads — = ~ 
Ca? (mg 174) 0.97 781 10.90 4.20 2.42 8.26 1.10 1.99 
Mg” (mg 17 ‘) 1,23 0.36 0.55 4.98 2.31 3.22 0.01 2.36 
kK K* (mg 17 9 . 0.83 1.17 0.33 2.17 1.48 2.07 0.61 1.35 
Na™ (mg 17!) 1.80 1,22 1.00 6.43 4.05 48.70 3.50 4.48 
u (mg 17') 0 1.40 0.23 0.65 2.32 1.47 0.34 0.27 
t (ug IY 0 1.02 0 31.46 21.10 4.15 5.50 24.90 
at (ug 17!) 55.70 15.35 41.20 14.80 . 












Table 2 Physical and chemical parameters 0 


Table 3 Productivity measurements of selected upper Amazon lakes 


ent lakes of the upper Amazon 


Lake 









Kumpak* Kumpak* 
. Parameter Ayauch’ 1982 1983 
(oua, Average chlorophyll a 2.09 10.27 7.21 
oo concentration in 
“photic zone (mg m~*) 
Primary production: 
bmg C m™ hT! 84.26 61.80 220.10 
c Estimated gC m? day”! 1.37 0.48 2.19 
i Ratio b/a 40.33 6.02 30.53 





ction chlorophyll” h“) 


Water chemistry of Ayauchi suggests that available nutrients 
are not significantly different from those in other Amazonian 
lakes (Table 2). The algae, however, are different, as this is our 

v only desmid lake (Spinocosmarium sp. 60% ‘total algae, Table 
4). A high proportion of desmids is typical of soft-water 
oligotrophic lakes elsewhere’, although the water is usually 

acidic and coloured with humus, unlike Ayauch'. Our working 

_ hypothesis is that the special properties of Ayauch' result from 

_ the complete absence of mineral inputs from the watershed. The 
lake has. no inlets and the sediment core confirms that no 
allochthonous minerals enter the lake. As a result, the water is 

never turbid nor charged with allochthonous nutrients at the 

“ surface. Light penetrates, desmids are favoured, biomass is 
minimal and classical oligotrophic properties result. 

Kumpak* is a turbid-water lake with narrow inlet streams 
entering on all sides. Itis larger than Ayauch' (Table 2) and 
‘drains a much larger catchment. Radiocarbon dating of our 

- cores shows that sediment collects rapidly at rates up to | cm yr™' 
(Table 1). Following one heavy rain storm, we witnessed clouds 
of muddy water entering the lake from inlet streams; this sug- 
gests that the textural bands represent stormy episodes that 

inject allochthonous material and nutrients into the surface 
water. 

‘In June-July of both 1982 and 1983, temperature stratification 
in Kumpak* was as slight as in Ayauch’, but secchi disk trans- 
parency was:only 1.85 mand water was anoxic below 1 m (Table 
2). Productivity was comparable with. that of riverine lakes, 


although one measurement following a rain storm was the high- 


< est inour suite of lakes..The production-to-biomass ratio was 
low, as in the riverine lakes (Table 3), and the phytoplankton 





Lake 
Limoncocha Garzacocha  Taracoa Afangucocha St Cecilia i 
5.89 — 9.09 5.03 28.20 10.30: 
137.00 35.10 157.10 163.60 193.40 
1.62 0.42 1.35 1.55 2.54 
23.36 — 17.28 32.52 6.86 


_ was comparable with the most productive of them, Limoncocha — 

























(Table 4). Secondary production also seems high, as the oxyge 
nated surface water supported dense (always visible). popula- 
tions of small (2-10 cm) fish, especially small piranhas. Caimans. 
were plentiful, unlike in Ayauch’ where we saw none: 

We conclude that the presence or absence of allochthonous 
mineral inputs determines the trophic state of these Amazonian. 
crater lakes. Rapid sedimentation in Kumpak* not only injects 
nutrients but also produces extensive shallows. where nutric 
can be regenerated. The blue-water properties of Ayauch' result _ 
because the fetch across the catchment is too small for run-off 
water to penetrate the forest litter, thus denying the lake alloch. 
thonous minerals. Both lakes are warm, discontinuous polymic- 
tic lakes; thus circulation occurs infrequently and nutrients are 
trapped in the deep. water. 

The Ecuadorian lakes along the Napo and Aguarico - rive: 
differ from these lakes of central Amazonia in that they < 
deeper, particularly in the less pronounced dry season, | 
occupy steep-sided channels cut by high-energy rivers (Fig. 
Table 2). Some have been in existence for at least 3, 000 rad J 
bon years (Table 1). 

All our lakes are black water except Liniondocha: Dail o 
seasonal patterns of mixis are probably not markedly differen! 
from the varzea lakes*, although the greater depths of our lak 
in the dry season suggest more prolonged stratification an 
perhaps multiple thermoclines within the epilimnion?. Episode: 
of anoxic surface water following complete overturn, as happens 
in central Amazonia, are unlikely. 

‘Daily productivities were estimated from short-term incuba: : 
tions corrected by the proportion of the sine curve of daily — 




















Afiagucocha Ayauch' 


+++ 


+ 
Merismopedia 
“Microcystis + + 
+ “Oseillatoria + 
Chlorophyta 
Arthrodesmus + 
Binuclearia + 
Botryococcus + 
Characium 
Chlamydomonas ++ 
© -Chiorella 
z Cosmarium 
~ Desmidium 
Euastrum 
Eudorina ++ + 
Gonatozygon 
‘Micrasterias 
Mougeotia 
` Oedogonium 
“Ophiocytium 
-Pandorina 
Spinocosmarium 
Spirogyra + 
‘Staurastrum + 
s Tetrahedron + 
" Westella 
‘` Bacillarophyta 
Melosira granulata 
-< Tabellaria 
Pennates (other) + ++ 
Centrics (other) + 
“Euglenophyta + 
Pyrrhophyta 
Peridinium 


t+ 


+ 
++7+ 


+++ 
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Santa. Cecilia Taracoa 
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FL 120% f+ +, 20-50%; ++ +, 50-99%. 


Humination during which the incubation took place (Table 3). 
ductivity was positively related to ammonia concentration 
‘negatively to soluble reactive phosphorus, water colour and 
ible iron. None of these relationships was significant statisti- 
ally, but. trends were obvious in our sample of eight lakes. 
Water colour inhibits light penetration in the black-water lakes, 
educing photic depth. The total iron is bound or peptidized by 
he coloured humic materials and hence is inversely related to 
ight and production. These data suggest that productivity is 
mply light-limited, as is conventionally suggested for black- 
water systems. However, more is involved than simple occlusion 
light, because secchi disk transparency is not closely corre- 
d to: productivity. 

oth the riverine and crater lakes, the prime determinants 
roductivity are allochthonous. When particulate alloch- 
1onous inputs are almost totally absent, as in Ayauchi, a system 
f deeply scattered algae, predominantly desmids, achieves a 
production-to-biomass ratio. Heavy inputs of alloch- 
hon us humic complexes in. black-water riverine lakes imply 
1 limits. and are associated with high densities of 
nophyta or Melosira granulata (Table 4). Turbid inputs of 
mineral sediments allow greater productivity (Kumpak*, Limon- 
socha) but are associated with light occlusion and, perhaps, 
with rapid sequestering of nutrients in sediments in the deep 
water. Production is modest in all three kinds of tropical systems, 
however, probably because the soluble nutrients in watersheds 
“are low, as has long been argued for the lowland wet tropics. 
Cores from four riverine lakes (Lago Santa Cecilia, Lago 
rio, Anangucocha, Limoncocha, Fig. 1) show that they have 
deposited gyttja without riverine sediments for the past 800 
adiocarboñ yr and have therefore been isolated from the rivers 
luring this time. Under this gyttja, however, all four lakes have 
deposit of clay and fine sand similar to sediments of the 
tm rivers. Radiocarbon ages of about 1,300 yr were obtained 
th bottom of this unit-in two of the lakes (Table 1). In 
zucocha, the riverine sediments are underlain by a thick 


organic deposit spanning to 3,000 yr ago. These data strongly 
suggest that all four lakes were flooded by the parent rivers 
between 1,300 and 800 yr BP) but have been isolated ever since. 

Pollen data from Afiangucocha are consistent with the strati- > 
graphical evidence for flooding, suggesting inundation of old 
swamp sites and the simultaneous creation of riparian habitats. 
along extended river channels'®. Absy'! postulates the existence _ 
of a relatively wet period from 2,000 to ~1,100 yr ago for central 
Amazonia, followed by a drier phase culminating around 700yr 
ago. Our flooding episode seems to be slightly out of phase with 
Absy’s wet period, but her time control comes from only one 
14C date and remains to be substantiated. Other studies also 
suggest widespread flooding in the upper Amazon before 800 yr 
ago . Our radiocarbon chronology for the four lakes spread 
on a west-east axis of ~100 km appears to define this event as: 
spanning between 1,300 and 800 yr ago. The most likely cause- 
of this flooding is increased precipitation on the eastern slopes.“ 
of the Andes, the effects of which would have been felt 
throughout the Amazon drainage system. oS ee 

The ‘intermediate disturbance hypothesis’'* suggests that the 
high spécies diversity of tropical rain forests is maintained 
because moderate disturbance prevents competitive exclusion 
but is insufficient of itself to sustain a high exclusion rate. The 
proxy manifestation of forest disturbance is recurrent tree fall ka 
that makes forest life a process of continual succession in gaps™® 
Large-scale floods such as we have documented, at intervals of S 
<1,000 yr, should prevent competitive exclusion of forest trees, _ 
at least in the areas directly affected, thus being an important 
source of disturbance leading to high diversity. 

Forests of the. Amazon Basin may be more disturbed than 
other tropical rain forests because of their unusual hydraulic 
stress. Even the so-called terra firma areas above the present 
river flood plains are essentially the higher ridges of a con- 
tinuously-eroded surface and themselves subject to- denudation, 
as shown by the massive erosion of the Kumpak* catchment. If 
diversity is proportional to disturbance over some intermediate 





































< range; ‘then the long history f hydrau disturbance i 
Amazonia may have been a prime contributor to the well known 
high diversity there. This hypothesis predicts that tropical rain 
forests that are not on ancient peneplains in steady state should 


be less diverse than Amazonia. 
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e: basis of a description’ of an endocast from Hadar early 
AL 162-28, it has been suggested that cerebral organiz- 
towards a human pattern occurred as early as 3-4 Myr ago. 
` Thave studied a cast of the AL 162-28 calvaria and a copy of an 
endocast prepared from the original fossil, and report here observa- 
tions regarding cranial capacity, the relationship between endocast 
and skull, sulcal pattern, brain shape and cranial yenous sinuses. 
Contrary to the earlier report’, all of these features appear to be 
consistent with an ape-like external cortical morphology in Hadar 
-early hominids and in my view there is no evidence for expansion 
| or reorganization of parietal/occipital regions. Cranial capacity 
ae of AL 162-28 is at least 10% and 29% smaller than respective 
“mean capacities of subsequently living gracile and robust aus- 
_ tralopithecines, who also exhibit ape-like cortical patterns. Thus 
ae palaeoneurological evidence from the entire early hominid record 
: suggests that the trend towards brain enlargement preceded cor- 
_ tical reorganization. 
Separate hemicasts were prepared from the left (most 
extensive) hemisphere of the AL 162-28 endocast and the right 
hemisphere of the Taung endocast, whose cranial capacity 
(uncorrected for age) is 404 cm? (refs 1, 2). A right hemicast 
owas also prepared from an orangutan endocast of 338 cm? 
< cranial capacity. The Hadar hemicast was then compared with 
: the complementary hemicasts from the Taung and Pongo speci- 
“mens and its capacity found to fall between the two volumes. 
Because the AL 162-28 specimen lacks both frontal and temporal 
regions, the shape of the entire hemicast cannot be reconstructed 
with certainty. However, the available occipital/cerebellar 
-region is shaped more like the corresponding area in the Pongo 
: -endocast than that in the Taung specimen (see below). Holloway 
estimated the capacity of AL 162-28 at “just less than 400 cm*”!. 
I agree thatthe capacity is under 400 cm’, but prefer a less 
precise estimate of 350-400 cm’. However, it is important to 
note that even if the capacity of AL 162-28 were as large as 
400.cm’, this would still be the smallest adult cranial capacity 
in the hominid fossil record to date. 








































Fig. 1 Left lateral view of endocast from Hadar hominid AL 162- 
28. Note that the cerebellum has a more caudal projection than 
does the occipital pole. Since traces of the lambdoid suture in the 
cranium correspond with ridge X laterally on the endocast, and’ 
are caudal to it medially, the lambdoid suture is located caudal to 
L. See text for discussion. Abbreviations: C, cerebellum: I 
intraparietal sulcus; L, lunate sulcus; X, ridge reproduced unde 
nuchal crest; LB, location of trace of lambdoid suture caudal t 
the medial end of X; M, endocast midline; N, non-bony matri 
(dark stippling); OP, occipital pole; PS, superior parietal sulous: 
TS, superior temporal sulcus; P, superior parallel branch of TS. 


Cranial capacities have recently been published for two. add 
tional Hadar early hominids’. A capacity of 500 cm? was give 
for partial adult cranium AL 333-45, but this estimate was dete: 
mined from an endocast whose entire frontal portion (whic! 
varies, in shape within hominoids) was reconstructed in p 
ticine’. AL 333-105, on the other hand, is a partial juvenil 
cranium’ that appears dentally to be at most 2 yr younger tha 
the Taung specimen*. Although the two latter specimens app 
to be nearly the same age, Taung’s cranial capacity of 404 cm 
is 26% larger than the estimated capacity of 320 cm’ for AL3 
105°. If AL 333-105 were about 5 yr old, as suggested: b 
dentition*», its cranial capacity would be approximately 9 
of its likely adult value®, which would therefore be 3 
(This estimate may actually be too large because it is based 
human data—a 5-yr-old chimpanzee would alrea 
obtained its adult cranial capacity.) 

The mean cranial capacity of adult gracile australopith 
is estimated” to be 442 cm’, , while the value for robus 
tralopithecines’ is 516 cm°. Thus the minimum increase 
cranial capacity between AL 162-28 and the average adult gra 
australopithecine is 10.5%; the minimum increase betw 
AL 162-28 and the mean adult robust australopithecine is ki , 
(If the capacity of AL 162-28 were as low as 350cm°, the 
increases would be 26% and 47% respectively.) In sum; the 
small cranial capacities of two of the three Hadar spe 
for whom estimates are available (AL 333-105 and AL] 
Suggest that discussions of stasis in brain enlargement befi 
the South African australopithecines, or statements that bri 
size was the last element to change in human mosaic evolut 
are not supported by the available evidence. 

The AL 162-28 endocast was prepared from a partial caly | 
composed of portions of both parietals and the major porti 
of the occipital squama*. My observations of a cast of the f 
confirm the published observations‘ that “the external as 
of the lambdoid suture is nearly completely obliterated,’ 

“the internal aspect of the lambdoid suture exhibits: 
fusion” ... and “the internal aspect of the sagittal sutu: 
completely obliterated. A Thus, AL 162-28 perms a 















1g 
1). Comparison of the endocast with the. cast of the skull reveal 
that this ridge is reproduced from the internal surface of th 
calvaria directly under the nuchal crest (including its left latera 
third which corresponds to the compound temporonuchal cres : 
anda small portion of its medial continuation into the temporal 
line*). Similar ridges appear on one other hominid endocast, ; 










Fig. 2 Left lateral views of chimpanzee brains modified after 
Connolly'*. Abbreviations as in Fig. I. Compare with Fig. | and 
note relationship between IP and L. 


-NM-ER 1805 from Kenya*’. Comparison of this endocast 
with the original specimen’® reveals that the right and left ridges 
‘were reproduced from the internal surface of the calvaria directly 

er the parasagittal crests and their compound temporonuchal 


everal sulci are reproduced on the left hemisphere of the 
[162-28 endocast (Fig. 1). Holloway’s identification’ of the 
sulcus that courses posterior-medially in the parietal region as 
intraparietal sulcus (IP) is confirmed. However, as IP courses 
rostrally, it merges with a crack, and its rostral termination (and 
‘therefore its length) is uncertain. A depression (PS) medial to 
ay represent the superior parietal sulcus. The superior 
{ ulcus (TS), including its superior parallel branch (P), 
also reproduced on the endocast. 

caudal end of IP terminates at another sulcus that courses 
ind approximately 5 mm rostral to ridge X. This sulcus 
fied as the lunate sulcus (L) for the following reasons. 
, its groove-like appearance is typical of sulci that are 
uced on endocasts. Second, in keeping with allometrically 
d expectations''"'’, the orientation and rostral location (see 
his sulcus correspond to the orientation and rostral 
of lunate sulci in other similarly sized primate 
; Third, the configuration of IP merging caudally with 

ical of similarly sized pongid brains'* (see Fig. 2). 
‘eature that I believe to be the lunate sulcus has previously 
lied ‘groove B”, and stated to be “a depression caused 
inferior lip of the posterior portion of the parietal bone 
lambdoid suture”'. The possibility of the feature in 
n being the lunate sulcus was not discussed, and it was 
there are no landmarks at the posterior end of 


jetect any lipping, and my observations 
Kimbel « et al.’ that “the internal aspect 


i pect of mel suture is dml on 
~ coe above, the 


= 7 7 ich it and a trace of the l: pi suture are both 
dal). Because ridge X is 5 mm cauda to L, one ay: surmise 





Fig. 3 A copy of the AL 162-28 endocast (left) next to a copy of 
the calvaria from which the endocast was produced (right). 
Abbreviations as in Fig. |. Note that the ridge (X) on the endocast.__ 
corresponds to the nuchal crest on the calvaria, and that figure 
should be rotated so that labels are vertical in order for orientation 
of specimens to be comparable to that of Fig. 1. : 


from traces of the lambdoid suture on both the endocast and 
calvaria that it courses at least 5 mm caudal to L throughout its. 
extent. The relationship between L and the lambdoid suture is 
of some importance, because that seen in specimen AL 162-28 
is typical of pongid brains but not of human brains'*. In humans, 
at least the lateral portion of L (if not the entire sulcus) is located 
caudal to the lambdoid suture’ 

Figure | reveals an interesting feature of brain shape | i 
AL 162-28: the cerebellum projects further posteriorly than dos 
the occipital pole. This relationship is consistent with the fa 
that “the cerebellar fossae appear to be deeper than the cere 
fossae”*, and may not be attributed to distortion of th 
because AL 162-28 “exhibits virtually no distortion 
humans, the occipital cortex is expanded over the cerebellum 
so that the occipital pole is the most posterior point visible. in 
lateral views of the brain'*. In pongids, in whom the parietal/oc- 
cipital cortex is less caudally expanded than in man, the mos 
posterior point may be either the occipital pole or a point 
the cerebellum'* (Fig. 2). The shape of the caudal portion © 
the AL 162-28 endocast is therefore inconsistent with a human- 
like shape, and this feature, in combination with the rastr. 
position of the lunate sulcus, contradicts the conclusion th 
AL 162-28 exhibits “expansion of parietal association corte 
and the diminution of lateral extent of primary visual st te 
cortex..." t. ce 

I agree with Holloway’s observations’ that “the transverse, 
sinus cannot be discerned between the occipital and cerebell 
lobes, nor is the iy eng oe enough to detect any ma 


accessory sinus system would be ea ; 
Taken together, the data suggest that the endocast ofA 16 

28 is small, simple and ape-like, and the following comb 
of features reproduced on this endocast i is typical of. ay 
but rarely, if ever, seen in human brains'*: the configu 
TS and P, the configuration of IP and L, locatio 
rostral to the lambdoid suture and a cerebellum that proj 
further posteriorly than the occipital pole. The latter two feature 
indicate that there is no evidence either for expansion of parietal 
association cortices or for reorganization of visual cortices be- 
yond the ape-like condition in the Hadar fossil hominids. The 
cranial capacity of AL 162-28 was. less than 400 em’, which 
suggests that brain volume in Hadar hominids may have been 

n volume’ in later living aus- = 


date is reproduced onan endocast 
1470 (Homo habilis)'° wh 















_ On the other hand, all of the available evidence indicates that 
= although brain size increased in australopithecines, the external 
“morphology of their brains remained ape-like in appearance"? 7. 
“This in turn suggests that earliest hominid brain evolution may 
have.occurred more at subcortical than at cortical levels. 
“T-thank D. Johanson for permission to study AL 162-28, W. 
Kimbel for copies of the endocast and calvaria, the Government 
‘of Kenya for permission to conduct research, R. Leakey for 
.aeeess to Kenya National Museum hominids, and A. Turner 
_ for discussion and criticism of the manuscript. Figure | was 
_ prepared by A. Montalvo. This research was supported by NSF 
grants. BNS-8203764 and BNS-8318253. 
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ptive selection for 
itive life histories in salmon 
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Many salmon species include males which mature as much as 50% 
ger and as small as 30% of the adult body size of other males 
he population’. In the semelparous Pacific salmon Oncorhyn- 
spp., these small males are known as ‘jacks’, and they compete 
th larger late-maturing ‘hooknose’ males for opportunity to 
on the breeding grounds. The existence of jacks is proble- 
alas it is believed that salmon populations should have a 
optimal age or size at maturity’"'. I now show, however, 
t these two alternative life histories are evolutionarily favoured 
frequency-dependent disruptive’? selection on the breeding 
grounds. In coho salmon (Oncorhynchus kisutch), small and large 
males gain access to females by sneaking and fighting respectively. 
iy contrast, intermediate-sized males are at a competitive disad- 
. Jacks, which are specialized at sneaking, and hooknose 
which are specialized at fighting, have negatively frequency- 
ent fitnesses from these alternative breeding tactics. Calcu- 
lations suggest that the lifetime fitness of jacks is similar to that 
` of hooknose males. Thus, age of maturity in salmon has probably 
not evolved as.a single ¢ optimum, but rather as a ‘mixed evolution- 
arily stable strategy’'* in which precocious maturity is an 
lutionarily viable alternative life history. strategy. 

| 1981-82. 1 studied a wild population of coho breeding in 
eer Creek Junior, all stream in W: shington State, United 
a States. This species | was ted ecause males mature at only 
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Fig. 1 Two life histories exist in male coho salmon: precocic 
maturity at age 2 as a small jack, or delayed maturity to age 3. a: 
a large hooknose”®. The term ‘hooknose’ is derived from the exag 
gerated snout and enlarged teeth which develop at maturity and 
are used in fighting. By contrast, ‘jacks’ lack secondary sexual: 
characters and are relatively cryptic on the breeding grounds. Both. 
jack and hooknose males die after breeding, as do the females. 
Coho life history involves autumn-winter spawning ( November- 
January); egg and larval incubation ( November- March) in gray 
nests excavated by females; 1 yr stream residency as fry bef 
migration to the ocean as smolts; 5-8 months’ ocean resider 
before return as jacks, or 17-20 months before return as mature. 
females and hooknose males. Hatched areas indicate reproductive. 

maturity. 
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Fig. 2 This plot shows a threshold in male size above 
female proximity is best gained by fighting, and below by sn 
The success of male coho on the breeding ground depend: 
body size and behavioural tactic. Proximity to ovipositin; 
may be obtained through two tactics: sneaking or fightir 
Methods: Behavioural and proximity data are from natural 
ing males of known body size (sample sizes and sta 
are shown). Two techniques were used to measure d 
the nest centre to the mid-region of the male: (1) 
was marked by eye, and immediately after spawning 
was measured using a tape measure, or (2) the dis 
estimated by eye, with estimates having an error of +6 
19 repeated measurements. These two techniques were 
domly for fishes of all sizes and behavioural tactics. The | 
range of hooknose males (fork length) was 39-72 cm 
$1.7+4.2), that of jack males 25-39 cm (mean = 33 64 
size distinction between jack and hooknose males is indic: 
the size axis with an arrow. The proximity of hooknose m: 
females achieved through fighting averaged 90cm: ( 
observations) and through sneaking 170 cm (n =6). By co! 
jack proximity achieved oue ier averaged 197 cm 
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were best at sneaking. Males of intermediate size could not 
obtain suitable refuges for sneaking, nor could they fight success- 
ully against the larger males. These males were usually most 
istant from the female (Fig. 2). During mating, natural selection 
hus favours large- and small-bodied males at the expense of 
‘intermediate-sized males, thereby placing body size under dis- 
ptive selection. 
The small, early maturing jack males were ideally suited for 
sneaking (Fig. 1), but poorly suited for fighting. Opportunity to 
sneak depended on the availability of suitable refuges, which 
were limited in quantity and could generally be used by only 
one jack at a time. Since jack density in the stream was too high 
_ for all to sneak successfully, some were forced to fight. In 45% 
of jack matings, jacks had to fight for proximity and obtained 
ns at the low end of dominance hierarchies (Fig. 2). The 
roximity of jacks from the ‘mix’ of sneaking and 
observed was 124.6+ 15.5 cm (mean +s.e., n = 24). By 
ẹ average proximity of hooknose males was 93.0+ 
117; Mann-Whitney, z = 1.96, two-tailed P = 0.05). 
e relationship between proximity and success is 
sximately ‘fertilization success =a constant/male proxim- 
5), relative male proximity provides a means of measur- 

lative male mating success. Thus, assuming random sperm 

petition among males, a reasonable assumption because of 

the nature of this mating system'®, jack success was approxi- 
mately 66% (1 —-[124.6 —93.0]/93.0) that of hooknose males. 
_ Any increase in the proportion of jacks would decrease their 
average proximity because more jacks would be forced to fight; 
“conversely, any decrease in jack frequency would increase 
average proximity because relatively more jacks could sneak 
“matings. Thus, the mating success of jacks relative to hooknose 
males is negatively frequency-dependent. 
Negatively frequency-dependent disruptive selection may, in 
theory, give rise to stable alternative life history strategies'?!7-'8, 
If the alternative life histories are a mixed evolutionarily stable 
zy (mESS) in salmon, the lifetime fitnesses of jack and 
hooknose males should be equal at the frequency observed. In 
th coho population, fitness calculations are relatively simple 
ince the population has discrete generations and, to the best 
_ of my knowledge, is stationary’. Lifetime fitness can be esti- 

mated from the product of probability of survival to maturity, 
br ing lifespan, and mating success. In calculating survival 
maturity, I assume that early freshwater survival of young 
cks and hooknose males is equal, and that the critical difference 
in survivorship is ocean mortality. The study population is part 
of the Skykomish River coho stock for which the Washington 
State Department of Fisheries maintains ocean mortality 
ords”, In this stock the average ocean survivorship is 13% 
jacks and 6% for hooknose males. I have found from 
ollowing tagged individuals on the breeding grounds that jacks 
are reproductively active for 8.4+2.3 days (n=7), and the 
100knose. males for 12.7 + 1.2 days {n =35). I assume that the 
1umber of opportunities for spawning is proportional to length 
of life on the breeding grounds. Therefore, the relative lifetime 
f jack (W,) and hooknose ( W,) life histories is: 

Ww, 


013 
~=- (survivorship to maturity) 


-Wp > (0.06 


x bd 
TI 7 ~ (breeding lifespan) 


0.66 . 
s (mating success) 


=0.95 


his calculation suggests that the fitnesses of the alternative life 
ories approach equality. The estimate may be conservative 
jacks as it does not include fishing pressure, which is greater 
n hookne ales than jacks. How salmon populations of the 


; arger males were best at fighting ; smaller males 





ly hing pres re is 


The similarity in lifetime maes estimates combined with : 
evidence for negatively frequency-dependent success suggests 
that the jack life history exists in a mixed evolutionarily stable 
strategy with hooknose males. This conclusion is supported by 
two findings: (1) Those coho males maturing as jacks are not 
smaller in body size at age 2 (refs 5, 22) and thus are not 
competitively inferior to males that delay maturity to become 
hooknoses. A size difference would be expected if jack maturity 
was a BBS strategy (best of a bad situation)” rather than a 
mESS. (2) Recent breeding studies suggest that jack maturity 
is heritable”*. Heritability in a stationary population will prob- 
ably exist only through equal fitnesses, as genes coding for an 
inferior life history should be removed from the gene pool by 
natural selection!*?5, 

This work was supported by a NSERC of Canada Operating 
Grant and a NSERC University Research Fellowship. I thank. 
S. Rohwer, E. van den Berghe, B, Jonsson, E. Charnov and K. 
Reidinger for discussion, N. Gerrish, E. van den Berghe, R. 
Peterman, L. Dill and C. Sargent for comments on the manu- 
script, and E. van den Berghe for valuable field assistance. 
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Visual control of the partition of 

flight force between lift 

and thrust in free-flying Drosophila 
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Flying fruit flies have a system for stabilizing height and: spe 
which has two main components. They can change the total 
generated by their wings and they can adjust the divisio 
force between lift and thrust by changing the angle of thei : 
axis to the horizontal’~*, The optomotor reactions determining the x 
force from the wings a ii ppe by the vertical components of 
the image flow velocity”*~. I show here that the partition between __ 
lift and thrust is determined by the horizontal components of the 
image flow velocity. The resolution of the image flow velocity into _ 
components at right angles, each controlling a different output, ie 
produces a simple height and speed ‘stabilizing system. $ 
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«Fig. 1 a, The image flow speed components at various directions 

oo relative to the body axis of a fruit fly; b, the body angle of the fly. 

‘The pattern was moved at 4 Hz in a circular path in an anticlockwise 

direction without rotation. The image velocity in each direction is 

approximately sinusoidal, as shown by the three pairs of coupled 

speed curves. The speed curve in each direction is shaped like a 

series of half-sinusoids, each delayed slightly compared with those 

of the previous direction, and separated by regions of ‘negative’ 
speed. 





Drosophila hydei Sturtevant were flown in a horizontal trans- 
parent tube 15cm in diameter against a smooth air flow of 
40cms™'. On either side of and parallel with this tube were 
nsparent vertical screens 40 cm high by 80 cm long and 30 cm 
apart, bearing a number of irregularly shaped, transparent 
orange spots 2~5:cm across and about 2 cm apart. These screens 
ere moved bodily through a circular path without rotation 
(like a bicyclist’s foot) in a vertical plane parallel to the trans- 
parent tube, using cranks with a throw of 2.54 cm at 2-4 revo- 
lutions per s. By this means, flies flying inside and along the 
transparent tube were presented on each side with pattern move- 
ments sequentially in each direction. The component of the 
image velocity in each direction varied approximately 
_ -sinusoidally during this process, but out of phase with the 
“velocity components in any other direction. Insect movement 
detectors. respond to the component of the visual flow velocity 
in one direction—that is, they respond to the speed of flow in 
<: vone direction along an axis and not to the speed of flow in the 
other direction—and the detectors for different directions of 
movement are not necessarily opposite to one another’. Because 
of this, the image speeds in each direction were used in the 
analysis rather than the image velocities along particular axes 
(Fig. 1). 
The speeds were calculated as the relative angular velocity of 
© the point on the screens closest to the fly. The entire apparatus 
«= was surrounded by a white screen and illuminated from outside 
y dic. fluorescent lamps. The flies were video-recorded from 
e ide as they flew upwind, using a camera equipped with a 
ing shutter giving an exposure of 1/1,000s every 1/50 s. 
flies that-stayed in the field of view of the camera for at 
‘1s and in the midline of the tunnel without turning were 
cluded i in-the analysis. The position of a fly, a point on an 
"extension of the line passing through its long body axis, and a 
“point on the moving pattern were digitized from each frame of 
the video record: From these data, the fly’s body angle and 36 
of the speed components of the relative movement between it 
and the pattern (the image flow speed over lateral-facing 
ommatidia for every 10° relative to its body axis) were calculated. 
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Fig. 2 Contour map of the lag correlations between 
flow speed resolved into 36 directions and the subseqi 
angle of a fly, where the pattern was moved anticloc! 
Fig. 1), but at 2 Hz. The contour interval is 0.2. The ob 
lines mark the lines of positive and negative correlatia’ 

were superimposed with others to form Fi 


Figure | shows the body angle of one fly an 
components of the image flow speed for 1s. Th 
changed in time with the image flow components 
therefore have been determined by at least one: 
flies’ reaction time was unknown, so it is difficult to determine 
which of the components of the image flow speed drove the 
body angle because they all followed the same approximate! 
half-sinusoidal time course. Thus, the body angle might hav 
been controlled either by the component at 0° to the fly’s bod 
axis with a lag (reaction time) of 0.2 s, or by the component 
120° to the body axis with a lag of 0.09 s. 

Because the image flow field rotates almost uniformly rel; 
to a fly’s body, a plot of the directions of the possible contr 
image speed components against their corresponding lag tim 
will be nearly linear. This linear relationship will be reversed 
the image flow is rotated in the opposite direction. The inter: 
tion obtained by superimposing these two results gives the on! 
values of the direction of the speed component and lag ti 
which are consistent with both motions. The plot of the dire 
tions of the image speed component and the corresponding 
times were obtained in the following way. Contour maps we 
drawn of the correlation coefficients between the body angl 
and each of the 36 components of the image flow speed at lag: 
of 0-0.2s. The portions of negative image flow speed (whe 
the image flow had no component in that direction) were omittes 
from the correlations. There is a line of strongly positive correla 
tions with decreasing lag as the image flow component changi 
from 0° to 180° and similarly of strongly negative correlatio: 
from 180° on to 0° (Fig. 2). The correlation peaks on the cont 
map are the plot of the possible controlling image speed c 
ponents and the corresponding lags described above (Fig. 

When the pattern was moved in the opposite direction, t 
maps, as expected, also showed lines of correlation, but with 
increasing lag as the image flow component changed: from 0° 
180° and 180° on to 0°. In superimposed plots (Fig. 3 i 
where the lines of like correlation peaks cross must 
particular components and lags of the image flow speed whi 
controlled the body angle. These values were, on 
130° and —50° and with a lag of 0.08 s (Fig. 3); the rai 
+20° and 0.03 s. Also, it is the body angle that is con 
these image flow components and not the change i 
(see Fig. 3 legend). : 

The points where the lines of correlation. peaks cross wi 
thus 180° apart, showing that the components of image fi 
affecting the body angle were 180° apart. This differs from. th 
components of image flow which affect the total force produ 
by the wings, for these are ~ 120° apart’. 

These experiments show that Drosophila have a response tha : 
controls the way in which the force generated by their wings is. 
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Fig..3 Plot of the directions of the possible controlling image 
speed:components and their corresponding lags, derived by super- 
mposing the average position of the lines of peaks of the lag 
correlations as in Fig. 2, for 20 flies, 10 with the pattern moved 
kwise and 10 with the pattern moved anticlockwise at 2 Hz, 
and for 20 flies treated similarly, with the pattern moved at 4 Hz. 
Continuous lines, positive peaks; dashed lines, negative peaks. 
ie crossing points of the lines of like correlation peaks show the 
ng relative to the body axis and the lag where a component of 
nage flow speed controls the body angle or the change in the 
y angle. The lags of the crossing points differ when the pattern 
moved at 2 Hz and at 4 Hz in the plot for the change in the body 
angle, but do not do so in the plot of body angle. This indicates 
‘that it is the body angle which is controlled by the image flow 
“speed at 130° and —50° to the body axis and not the change in the 
‘body angle, because the reaction time (and hence the lags) is 
“unlikely to be affected by this change in the frequency of pattern 
movement“, The changes in lag in the plots for change in body 
-angle are expected as a consequence of the differentiation of the 

‘various frequencies of the sinusoidally changing body angle, and 
are not a physiological process. 


alanced between lift and thrust in response to movement past 
their eyes at 130° or —50°. This is nearly horizontal movement, 
as the fly’s average body angle in these experiments at a wind 
speed of 40 cm s™' was 43°. If a fly’s groundspeed becomes too 
high, the backwards image flow speed becomes higher than 
ome ‘set point’; the body angle is then increased, reducing the 
fly's thrust and hence decelerating it; and vice versa. Drosophila 
iso have. a response which controls the total force from the 
gs. The image flow components which control this vary so 
as to remain vertical relative to the outside world as the body 
ngle changes with wind speed’. Therefore, the components of 
the image flow which control the total force from the wings are 
at right angles to the components which control the partition 
between lift and thrust. A similar orthogonal arrangement of 
sitive directions to image flow speed has been found in 
ered flies; this is between the optomotor turning reaction 
d that controlling the total force from the wings”. It has also 
en found electrophysiologically*'°. Together, these visual 
edbacks provide an elegant system that compensates almost 
completely for any errors that may occur in a fly’s speed and 
ight as-a result of changes in wind speed or air turbulence. 
~ J thank J. S. Kennedy, C. Rechten and V. A. Taylor for their 
helpful comments on the manuscript. 
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It has been known for some 50 years that birds use photoreceptors 
in or near the hypothalamus to mediate the photoperiodic responses 
that control seasonal breeding’. So far, however, attempts to 
identify the photopigment by determining an action spectrum have 
failed'. The problems stem from the selective filtering of light by 
the tissues surrounding the photoreceptors and the need to deliver 
defined amounts of light over the days or weeks required to induce 
a quantitative measure of photostimulation. Here we have 
developed a technique which produces a quantitative action spec- 
trum for the photoperiodic response in the Japanese quail; the 
results indicate the presence of a rhodopsin photopigment with a 
peak sensitivity of ~492 nm. The photoreceptors exhibit a level 
of sensitivity comparable with that of vertebrate visual pigments. 
We conclude that the brain photoreceptors of birds are based on 
a rhodopsin/rhodopsin-like photopigment. 

Removing the eyes and/or the pineal gland from Japanese 
quail does not influence the effects of ‘long days’ on gonadal 
maturation””. Specifically, illuminating the pineal gland has no 
effect on the gonads’ but local illumination of the posterior 
basal hypothalamus leads to gonadal growth, as if the birds had 
been exposed to long days'. Lesions in this hypothalamic region 
block totally the photoperiodic response*. Previous studies on 
the spectral sensitivity of the brain photoreceptors suggested a 
red-sensitive photopigment' but as red light passes through the 
brain much more effectively than shorter wavelengths®, these 
studies may have given a false impression as to the true nature 
of the pigment. 

In the present study, monochromatic light (15 nm half-peak 
bandwidth) was obtained by passing light from a voltage-stabil- 
ized 100 W quartz-halogen lamp through a monochromator 
(Oriel Corporation). A lens assembly split the beam into three 
glass optic fibres (diameter 3mm, length 400 mm); the light 
intensity leaving the end of each fibre was measured with a 
spectroradiometer (Macam Photometrics) calibrated in pE cm™ 
s-'nm™' (1 pE=6 x10" photons). This light was used to photo- 
stimulate Japanese quail. One fibre optic was attached to the 
surface of the bird’s skull and secured by a permanently mounted 
head socket. The triple-fibre optic allowed three birds to be 
photostimulated simultaneously. During illumination, each bird 
was kept in a cage screened from extraneous light and sound. 

To obtain the action spectrum, we first measured the absorp- 
tion of different wavelengths of light as they passed through the 
skull and brain tissues’ of recently dead and deeply anaesthet- 
ized birds, both of which gave identical results. White light from 
a quartz-halogen lamp was delivered to the skull via a.fibre 
optic and its transmission measured at the exposed surface of 
the basal hypothalamus (12 birds) or the parolfactory area (10 
birds). As the light from the quartz~halogen lamp does not- 
contain the same number of photons at all wavelengths, trans- < 
mission was expressed as the fraction of transmission which 
would occur if no tissue was placed between the light and the 
detector. The spectral composition of the light reaching the 
hypothalamus and parolfactory region was not significantly. 
different, the transmission pattern being dominated by the 
absorption characteristics of haemoglobin. Thus, transmission 
of wavelengths of ~500nm was 30 times less than that of 
wavelengths of ~690 nm. The transmission curves were used to. 


devise a multiplication factor at each wavelength that would > ; 
compensate for the relative absorption of that wavelength asit _ 


passed through the brain. These factors were then used to adjust. 
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_ Fig. 1. The effect of light of differing wavelength but equal num- 
. bers of photons on the photoperiodic response in Japanese quail. 
Each point shows the mean (-ts.e.m.) increase in the concentration 
of plasma LH after exposure of the brain photoreceptors to a single 
‘long day’ of monochromatic light. At least nine birds were used 
‘for each point (range 9-16). The photoreceptors appear most 
: sensitive to light at wavelengths of ~500 nm. 
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Fig.2 Dependence of the photoperiodic response of quail on the 
intensity of light applied to the extraretinal photoreceptors. Results 
shown for four wavelengths: 470, 500, 590 and 650 nm. Each point 
represents the mean (+s.e.m.) change in plasma concentration of 
LH. The number of quail used at each point ranged from 10 to 
22. A regression line has been fitted to the data points at each 
wavelength. The photon flux (relative to that at the skull surface 
at 500 nm) is given on the abscissa. Adjustments were made for 
the other wavelengths to ensure that absorption through the skull 
and brain were taken into account. The broken line shows the light 
intensity used to obtain an equal photoperiodic response (see Fig. 
3). Light at 500 nm is the most effective at inducing a response. 
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<: Fig.3 Combined action spectrum for the photoperiodic response 
-in Japanese quail, derived from Figs 1 (@) and 2 (C1); W indicates 
“where the data give identical results. Using Dartnall’s correction'', 
the data have been plotted on the basis of photons per equal- 
frequency interval (1/A) so that they may be directly compared 
with a visual pigment ‘nomogram’ curve. A curve for rhodopsin 
fits the data points well, a rhodopsin with a maximum absorption 
at 492 nm providing the best fit. 


















the intensity of light delivered at the skull surface so that jt 
relative numbers of photons arrived at the hypothalamus. The 
spectral transmission of light into more dorsally located are 
of the brain, such as the tectum, is also dominated by the 
absorption spectrum of haemoglobin. However, beyon 
wavelengths of 620 nm the hypothalamic area showed a relati 
enrichment in the amount of long-wavelength light reaching this 
region. At 690 nm the hypothalamus received, relatively, three 
times more light than the tectum; this discrepancy was not seen 
at shorter wavelengths. If a photoreceptor did lie very dorsall 
in the brain then our action spectrum would only beco 
distorted beyond 620 nm. In fact, as mentioned above, ther 
no evidence for a tectal or pineal photoreceptor being invol 
in photoperiodism. 
To determine whether any of the light delivered via the fil 
optic to the skull surface reached the retina, bright white li 
(10° pE cm™* s~’, integrated between 450 and 750 nm) was us 
to illuminate the brain of dead birds (n =6) and the detecto 
head of the spectroradiometer placed in the posterior chambe 
of the eye; even at this light intensity, about three orders 
magnitude above that encountered on a bright sunny day’, 
light could be detected in the eye. Clearly, the black pigmen! 
layer behind the retina shields it from any back-illuminati 
Therefore, there was no danger of the illumination directed 
the brain reaching the retina. EREA 
To measure photoperiodic induction we used castrated 
quail, which, when exposed just once to a photoperiod of 2 
produce a quantifiable and repeatable increase in secretion 
luteinizing hormone (LH)’. In these experiments, we used 
batch of 55 castrated male quail, each of which was fitted wit 
a small head socket by which it could be connected to the fi 
optic. Groups of three quail were photostimulated daily, wit! 
an individual bird being used at monthly intervals. Just bef 
‘dusk’ on the experimental day, quail were attached to the | 
optics and exposed to a further 12h of light (making 
equivalent of 20 h light/4 h dark). During this period, diff 
intensities and wavelengths of light were applied to the t 
photoreceptors. At 20 h the birds were returned to their nor 
cages. Blood samples (200 yl) were collected the day before an 
3 days after photostimulation and concentrations of 
measured by radioimmunoassay'®. The change in plasma L 
concentration (ng mi~’) was used as a measure of photoperiodi 
induction. ee 
The first action spectrum used a single light intensity and 
determined the LH responses at nine wavelengths (Fig. 1). Th 
actual intensity of light delivered to each bird’s skull. was 4x 
10% pEcm™s' at 500nm; at other wavelengths it was 
increased or decreased by an amount proportional to the absorp- 
tion of that wavelength relative to 500 nm. A second series ð 
experiments measured the responses at four wavelengths (470. 
500, 590 and 650 nm) as a function of light intensity. The paralle 
nature of these curves (Fig. 2) suggests that only a single photo. 
sensitive step is involved. By taking the reciprocal of the ligh 
intensity required to induce an equal photoperiodic respon: 
(derived from the broken line in Fig. 2) and by normalizin 
the data with those in Fig. 1, the two action spectra can be com: 
bined (Fig. 3). Using Dartnall’s method for fitting visual 
pigment curves'', we obtained. a best fit between his standard 
curve and our experimental action spectrum (see Fig. 3); 
rhodopsin with a maximum absorption at 492 nm provided the 
best fit. 288 
By determining how much light is actually absorbed ac 
the quail’s skull and brain, and relating this to the levels of lij 
necessary to trigger a significant photoperiodic response 4 x 
uE cm s~" at 500 nm), an estimate can be made of the absolute 
sensitivity of the brain photoreceptors. When light at 500 nm 
applied to the skull surface, the intensity is reduced by a facto 
of 1.4 x 10° before it reaches the basal hypothalamus so that the 
absolute sensitivity at this wavelength must be 4x 10~7/ 1.4 
10°= 2.85 x107? pE cm? s™', or ~2 x10" photons m~? s~, a 
level of sensitivity matched only by the photopigments of. higher 
vertebrates’. 





































































































































otal Tight intensity by a factor of ~60. 

Although the brain photoreceptors appear to be based on a 
rhodopsin photopigment most sensitive to blue-green light, their 
‘environment, because of haemoglobin absorption, is dominated 
by red light. This mismatch is not restricted to the brain photore- 
ceptors as many rod rhodopsins in the vertebrate visual system 
also absorb most strongly at shorter wavelengths than one would 
xpect from the spectral composition of their light environ- 
t`, Why this should be the case is uncertain, but as photore- 
ative cells act as photon counters they can, within limits, 
pensate for a low photon flux by collecting photons over a 
er period'*. It is possible that the brain photoreceptors of 
ds achieve their surprising sensitivity by using a relatively 
‘long integration time—this hypothesis is supported to some 
extent by evidence in the literature'*’*. 
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The resistance of the gastric mucosa to acid and peptic injury is 
reflected by a resistance to the back-diffusion of H* from gastric 
lumen to blood’. The nature of this ‘barrier’, however, remains 
undefined. Using Ussing chambers, we have now studied the acid- 
barrier function of monolayers prepared from dispersed canine 
ndic chief cells’. These monolayers secrete pepsinogen in 
response to stimulation*. We found that, on acidification of the 
apical solution to pH 2, transepithelial resistance (R) increased 
2.6-fold and the monolayers maintained this 1: 100,000 H* con- 
ntration gradient for more than 4 h. The addition of aspirin to 
“the acidified apical solution caused a rapid decay in R, as did 
acidification of the basolateral solution to a pH <5.5. Ouabain- 
treated monolayers displayed the rise in R expected with apical 
acidification, while potential difference (V) and short-circuit cur- 
rent (J,.) decreased essentially to zero, indicating impermeability 
-to H”. However, if the integrity of the ouabain-treated monolayers 
- was disrupted by low apical pH, H* permeation occurred, reflected 
-byan L. that was dependent on the H” gradient across monolayers. 
ese data indicate that the apical surface of chief cells is a very 
ight-barrier to H* diffusion and may be an important element 
r sting acid-peptic injury. 

anine chief cell monolayers, mounted in Ussing chambers, 
m ntained electrical integrity (stable R} despite very large H* 





apical pH | 

pH in the uffered basolateral solution remained — 
unchanged for at least 4 h. There was a critical apical pH below. 
which the barrier to acid was overcome, causing a rapid decay 
in R. This critical pH value was between 2 and 2.5 in 70% of 
60 monolayers tested and <2 in 20%. Exposure of monolayers 
to pepsin (800 ug mi~‘) for 2h at an apical pH of 2.5 had no 
effect on R or I,, (n = 3). However, the addition of 4 mM aspirin 
(dissolved in dimethyl sulphoxide) to an acidified apical solution 
produced an immediate fall in R (Fig. la). Vehicle alone (1% 
dimethyl sulphoxide) or aspirin at neutral pH had no effect on 
either R or Le 

Acidification of the apical solution caused marked changes 
in R, I and V, which occurred in two phases. In the range of 
apical pH between 6.5 and 3.5, R increased from !,650+ 139 to 
2,450+170 Q cm? (mean+s.e., n=24) without a significant 
change in I (17 +2 to 16.2 pA cm”; Fig. 1b, c). V consequently 
increased from 25+2 to 34+3 mV. At apical pH values below 
3.5, R increased further to 3,600+ 178 Q cm’ and I decreased 
to 6+ I pA cm”. In the latter phase, these opposing changes in 
R and I resulted in a decrease in V to 19+2 mV. The changes 
in R, lIe and V were reversible on apical neutralization and 
could be reproduced repeatedly in the same monolayer on 
re-acidification of the apical solution (Fig. 1b). The return of 
transport function (Jc) to control levels on apical neutralization 
indicated preservation of cellular integrity during acidification. 

In contrast, acidification of the basolateral solution to below 
pH 5.5 produced a transient increase followed by a rapid decay 
in R (Fig. 1c). V fell with basolateral acidification, reflecting a 
profound decrease in Le 

The barrier function of epithelia represents the permeability 
to a solute via paracellular junctions and/or transcellular chan- 
nels>-’. Our finding that apical acidification produced two phase 
changes in R, J,, and V suggests interaction of H* with both 
of these pathways. In the first phase ( pH range 6.5-3.5), apical 
acidification produced no change in J,. and, as l reflects 
transcellular ion transport, the rise in R in this pH range prob- 
ably resulted from proton effects on the paracellular shunt 
pathway. In the second phase (pH <3.5), Ie decreased 
markedly, indicating that proton interaction with transcellular 
channels was responsible for the increase in R. We have shown 
previously that amiloride-sensitive Na* transport accounts for 

70% of I in chief cell monolayers? and it is well known that 
Na‘ entry through amiloride-sensitive, transcellular channels is 
pH dependent** 

Basolateral application of ouabain (1 mM) caused a marked 
decrease in Fe (from 18 +5 to 2+1 pAcm™*) and V (from 24+5 
to 4+ 1 mV) (Fig. 1d), but subsequent acidification of the apical 
solution still produced biphasic changes in R; R increased 
2.3-fold (from 1,720+450 to 3,890+670Qcm’, n=4) and 
reached the same level achieved on apical acidification without 
ouabain. At pH <3.5, the small residual F. and V were abol- 
ished. These changes in R, I,, and V were also reversible in 
ouabain-treated monolayers on apical neutralization and could 
be reproduced in the same monolayer on re-acidification of the 
apical solution. Monolayer integrity, as reflected by R, was 
maintained at an apical pH of 2.5. Thus, ouabain did not 
interfere with the ability of these monolayers to maintain a pH . 
gradient nor prevent the rise in R with apical acidification, 
indicating that this barrier to acid back-diffusion is independent 
of electrogenic ion transport. Furthermore, these chief cell 
monolayers displayed barrier function in the absence of baso- 
lateral bicarbonate. Thus, our data provide no support for the 
hypothesis that barrier function depends on either Na* or Cl” 
transport®, but instead seems to reflect a passive property of 
the apical membranes and tight junctions of these gastric 
mucosal cells. 

With apical acidification, the potential difference of ouabain- 
treated monolayers was abolished, despite the 1: 100,000 con- 
centration gradient of H* ions (apical pH 2.5 versus basolateral: 
pH 7.4). Such a concentration gradient would generate a potens — 
tial difference in a system permeable to H™, and the absence. of. 
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Fig. 1 The electrical response of a chief cell monolayer to mucosal acidifica- 
tion. Top panels: apical solution pH as a function of time; the decrease reflects 
the addition of acid. Upper middle panels: membrane resistance (R). Lower 
middle panels: potential difference (V). Bottom panels: short-circuit current 
(I). a, With the reduction of apical pH to <2.5, R increased and remained 
stable for over 3 h. 4 mM aspirin (A), added at the arrow, caused a rapid decay 
in R, V and I- b, The reversibility of the changes in R, V and I, in response 
to apical acidification. In occasional monolayers, if the apical pH was decreased 
<3, Io did not fully return to control values on apical neutralization. c, A 
„typical response to apical acidification, followed by return of apical pH to 6. 
» After recovery of the electrical parameters (not to control values because the 
pH was returned to only 6), the serosal solution was acidified to pH 4.4, causing 
a rapid fall in Z. and V. The transient increase in R following basolateral 
acidification occurred in 9 of 11 experiments. d, Period 1: ouabain (1 mM) 
caused a drop in both J,, and V, although not to zero. Period 2: acidification 
of the apical solution to pH 3 produced the same biphasic change in R found 
in untreated monolayers, although V and [,, decreased to essentially zero in 
these ouabain-treated monolayers. After neutralization, R returned to near its 
initial value. Period 3: acidification to pH 2.7 produced a similar pattern to 
that observed in period 2, but when the pH was reduced to 2.4, damage (decay 
in R) occurred and a V and I, became detectable. Neutralization (abolition 
of the pH gradient) eliminated V and I.. Period 4: during re-acidification to 
pH 2.6, V and I, remained zero, indicating some restoration of monolayer 
impermeability to H*. At lower pH values, R deteriorated and a V and Ts 
were recorded; apical neutralization again eliminated this V and Io indicating 
a proton current across the damaged monolayer in response to a large H* 
gradient. 
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these monolayers was evident by electrical and morphological criteria; monolayers maintained a high apical negative V (range 21-34mV 
and displayed apical junctional complexes and microvilli’. The bathing solution was HCO,-free Hank’s salt solution (pH 7.2) bubbled with a 


a potential difference across apically acidified, ouabain-treated 
monolayers indicates that intact monolayers are practically 
impermeable to protons. However, when the apical pH was 
reduced to a point at which R began to decay, a potential 
difference and a short-circult current developed across the now 

-damaged monolayer (Fig. 1d). We conclude that this I, reflected 


H* flux, as neutralization of the apical solution eliminated the 
current (Fig. 1d). i 





to very high acid and pepsin concentrations. Whether the apical 
-surface of other mucosal cells possess such impermeability to 








The re-establishment of apical to basolateral polarity by 
persed chief cells in monolayer culture’ is evident: from 
resistance of the apical, but not basolateral, surface to H 
back-diffusion. This apical specialization is of advantage to chie 
cells because in gastric glands their apical surfaces are expose 









H* is unknown. Mucosal defence is probably a multifactorial 

























































injury. For example, surface epithe ia cells secrete bicar- 
onate and mucus, and mucus may provide an ‘unstirred layer’ 
the cell surface to stabilize a pH gradient generated by HCO, 
-secretion'®''. Furthermore, such cells replicate rapidly and are 
‘sloughed off from regions of mucosal injury, with epithelial 
integrity quickly being restored by migration of adjacent cells’? 
As a result of these other mechanisms, surface epithelial cells 
“May be less dependent on an H*-impermeable apical surface 
than are chief cells, which replicate slowly, lack a surface mucus 
coat and appear not to secrete bicarbonate. (Neither trans- 
mission? nor scanning electron microscopy reveal a mucus coat 
yn the apical surface of chief cell monolayers. Although cells 
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| novel peptide, calcitonin gene-related peptide (CGRP), has been 
redicted to result from alternative processing of the primary RNA 
transcript of the calcitonin gene in the rat'*. Several lines of 
evidence suggest that CGRP is a transmitter in the central and 
peripheral nervous system”, Human CGRP has been isolated 
d characterized*, and shown to have potent effects on the heart®. 
“The observations presented here indicate that human and rat 
CGRP also have potent effects on blood vessels. Intradermal 
injection of CGRP in femtomole doses induces microvascular 
‘dilatation resulting in increased blood flow, which we have detected 
n the rabbit by using a ‘Xe clearance technique”*, In human 
kin, CGRP induces persistent local reddening. Microscopic 
“observation of the hamster cheek pouch’ in vivo revealed that 
opical application of CGRP induces dilatation of arterioles. 
rthermore, CGRP relaxes strips of rat aorta in vitro by an 
ndothelial cell-dependent mechanism. Therefore, we suggest that 
local extravascular release of CGRP may be involved in the 
physiological control of blood flow and that circulating CGRP 
may- contribute to hyperaemia in certain pathological conditions. 
The primary RNA transcript of the calcitonin gene can be 
“processed to give alternatively spliced messenger RNA (mRNA) 
“products: one of these encodes the precursor of the 32-amino 
‘acid thyroid hormone, calcitonin, and another the precursor of 
a putative neuropeptide, the 37-amino acid CGRP'?. The 
primary structure of rat CGRP has been predicted by analysis 
-of the calcitonin gene coding sequence’. Immunoreactivity to 
the C-terminus of the predicted CGRP peptide has been detected 
n discrete areas of the central and peripheral nervous system 
of the rat”. Rat trigeminal ganglionic cells release immunoreac- 
ive CGRP in vitro, which is increased by a high potassium 
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The ady of the niechanisms. u 
defence has been hampered by the cellular heterogeneity of the 
tissue, which makes intact mucosa a complex model. As chief 
cell monolayers in primary culture display barrier function, this 
system provides a simple model for studying this element of 
mucosal defence. Our present findings indicate that chief cells 
in culture re-form an apical surface virtually impermeable to 
protons; we suggest that this mechanism underlies chief cell 
resistance to acid-peptic injury. 

This work was supported by NIH grant AM-30444 and a 
grant from the Stiftung Volkswagenwerk. 
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concentration in the medium’. Intracerebroventricular injection 
of CGRP stimulates sympathetic outflow in vivo as evidenced 
by increased levels of circulating noradrenaline, tachycardia 
and elevated blood pressure’. Thus, CGRP seems to be a 
neuropeptide. However, in these experiments, control injections 
of CGRP given intravenously (i.v.) were shown to induce tachy- 
cardia accompanied by lowered blood pressure, suggesting 
peripheral vasodilatation’. Our experiments offer an explanation 
for these control observations. 

Human CGRP was extracted from medullary thyroid car- 
cinoma tissue and purified to homogeneity, as described. pre- 
viously’. Chemically synthesized rat CGRP was obtained as a 
commercial preparation (Bachem). The structures of human 
CGRP“ and rat CGRP’ are shown below. 


Human CGRP 


aes: 


NH,~Ala~Cys~Asp-Th rAla-Thr-Cys-Val-Thr-His~Arg~Leu- 
Ala-Gly-Leu-Leu-Ser~Arg~Ser-Gly-Gly-Val~Val~Lys-Agsn~ 
Asn~Phe-Val-Pro-Thr-Asn-Val~-Gly-Ser-Lys~Ala~Phe- AMIDE 


Rat CGRP 

Grete 
Nily~Ser-Cys-Asn-Th r-Ala~Thr-Cys-Val-Thr-His-Arg-Leu 
Ala~Gly-Leu~Leu-Ser-aArg-Ser-Gly-Gly-Val-Val-Lys~Asp~ 


Asn~Phe-Val-Pro-Thr-Asn-Val-Gly-Ser-Glu-Ala~Phe-AMI DE 


Both peptides were tested for vasodilator activity using a 
multiple-site '**Xe clearance technique in rabbit. skin“, The 
peptides were mixed with a solution of '**Xe and injected rapidly 
in 100-41 volumes into marked sites on the clipped dorsal skin 
of New Zealand White (NZW) rabbits. Intradermal injections 
were given in random-block order according to a predetermined 
balanced site pattern, with six replicates for each of seven: - 
treatments per animal. CGRP doses were tested against standard 
doses of a known potent vasodilator, prostaglandin E, (PGE,)}, 
and saline controls. Animals were killed after 15 min, the dorsal 
skin excised and injected sites removed with a 17-mm diameter 
punch. Skin samples and samples of injection fluids were 
measured for radioactivity in an automatic y-counter. Changes 
in blood flow induced by the test substances were determined . 
as described in Fig..1 legend. Both human and rat CGRP 


increased local blood flow with potencies similar to that of the 


lighly active PGE = ‘Blood flow was significantly increased with 
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Fig. 1 Effect of human and rat CGRP on blood flow in rabbit 
skin. a, A comparison of increased blood. flow induced by human 
CGRP (@) with that induced by PGE, (W) in seven rabbits. Both 
CGRP and PGE, increased blood flow in a dose-dependent man- 
ner, compared with the control (phosphate-buffered saline (PBS), 
broken line). Human CGRP at 25 fmol induced a significant change 
in blood flow (P < 0.02, paired Student’s t-test). Human calcitonin 
(10 pmol, ®©) and katacalcin (10 pmol, A) were also tested in four 
rabbits but neither had any detectable effect on blood flow. b, A 
comparison of increased blood flow induced by rat CGRP (O) 
and PGE, (W) in five rabbits. Rat CGRP at 250 fmol induced a 
significant change in blood flow (P <0.01, paired Student's t-test). 
Methods: Experiments were carried out at room temperature (22- 
25°C) with NZW rabbits (3.5-4 kg) anaesthetized with Saffan 
(0.5 ml per kg). Agents mixed with '*Xe (5-10 pCi per injection) 
were injected intradermally in 100-pl volumes into the clipped 
back skin in random-block order according to a balanced site 
pattern. The agents tested were CGRP (0.025-2.5 pmol), PGE, 
(0.1-10 pmol) for comparison, and PBS as a control; six replicates 
of each dose were tested in each rabbit. After 15 min, the animal 
was killed with an i.v. barbiturate overdose (Expiral), the back 
skin was removed and a 17-mm diameter punch was used to excise 
‘injection areas. Samples of skin and injection fluid, under paraffin 


Oil in sealed tubes, were counted immediately in an automatic 


“y-counter. The change in local blood flow was calculated as the 
per cent increase above PBS controls from the equation: 100 
(in "Xe count of saline-injected skin -In '?Xe count of agent- 
injected skin)/(In ‘Xe count of 0.1 ml injection fluid-In Xe 
count of saline-injected skin). Results are expressed as mean + 

s.e.m. for n rabbits. 
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Fig. 2 Effect of the prostaglandin synthesis inhibitor, indo- 
methacin, on increased blood flow induced by human CGRP 
and arachidonic acid (AA) in rabbit skin. Indomethacin (Indo, 
2.8 nmol) or PBS was injected intradermally 15 min before the test 
compounds. '**Xe was mixed with the test compounds, and human 
CGRP (2.5 pmol) or arachidonic acid (3.3 nmol) was then injected 
’ into. the same sites with a further dose of indomethacin (2.8 nmol) 
as required. We determined the responses over a 15-min period as 
described for Fig. 1. Indomethacin had no effect on the response 
to CGRP, but caused a large inhibition of increased blood flow 
induced by arachidonic acid (P<0.02, paired Student’s t-test). 
Indomethacin alone had no significant effect on blood flow. Results 
are expressed as mean +s.e.m. for four rabbits. 





- had faded. The dilator response to CGRP is clearly visible as local 
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Fig. 3 Response of rat aortic rings to human and rat CGRP. Rat 
thoracic aorta was Cleared of fat and connective tissue and cu 
transversely into rings 3mm wide. Each ring was cut to form a 
strip of circular muscle, taking care not to damage the. 
endothelium'*. The strip was then held in a 10-ml organ bath in 
oxygenated Krebs’ solution containing EDTA (30 pM)”. The 
tissue was suspended from an isometric transducer (Lectromet 
UFI) under Ig tension and was allowed to equilibrate for 90.m: ; 
before the experiment. a, Responses of aorta with undamaged: 
endothelium; b, responses of aorta after the endothelium has been. 
gently rubbed with a microspatula before mounting in the orga: 
bath. The aoftae were induced to contract by adding noradrenaline 
(NA, 107° M) to the bath, which sometimes induced some spon- 
taneous activity in preparations with intact endothelium. At the’ 
point of maximum contraction, a control response was obtained 
by adding cumulative concentrations of ACh (10~°- 107° M) to the 
bath (results not shown). Only when the endothelium was intact 
did ACh produce a dose-related relaxation of the preparation 
~50% relaxation was achieved with 107’ M and 100% relaxation. 
with 107° M ACh. No relaxation was induced by ACh after removal 
of the endothelium. Human CGRP, added in cumulative con- 
centrations, produced a dose-related relaxation of the aorta. with 
an intact endothelium; the aorta in which the endothelium h 
been destroyed was not affected. Responses to CGRP took longer 
to reach equilibrium than those to ACh (~3 min for CGRP com- 
pared with 1 min for ACh). e, Dose-response curves for human 
and rat CGRP on NA-contracted rat aorta to show the effect. o 
indomethacin. Indomethacin (2.8 x10 M final concentration) . 
was added to the bath 15 min before the addition of NA and the 
cumulative doses of CGRP. @, Relaxation induced by hum 
CGRP ; @, human CGRP in the presence of indomethacin; © 
rat CGRP; ©, rat CGRP in the presence of indomethacin. Each 
point is the mean +s.e.m. of 4-7 observations. Indomethacin did 
not affect relaxation induced by Ach, but partially inhibited that 
induced by CGRP (*P<0.05; +P <0.005, unpaired Student's f- 

test). : 






Fig.4 Effect of intradermal injection of CGRP into, human skin, 
Synthetic human CGRP (15 pmol; Sandoz) was prepared in 50 jal 
sterile PBS. Histamine (HA, 500 pmol per 50 pl) was injected with 
PBS as a control. The figure shows the appearance of the injected 
arm 60 min after injection, at which time the response to histamine 


reddening, spreading slowly, with pseudopodia. This response 
persisted for 5-6 h. 



















































f human CGRP (P <0. 02, Student’s t-test 
han ges in blood flow were detected in response to either human 
calcitonin or katacalcin, a 2l-amino acid peptide derived from 
the same precursor”. Human or rat CGRP, at doses up to 
2.5 pmol, did not cause microvascular plasma protein leakage, 
as measured by the local accumulation of '°I-albumin injected 
VŽ. This shows that the response to CGRP does not involve 
the release of histamine, which increases vascular permeability. 
`- To test whether the dilator responses to CGRP in rabbit skin 
were caused by release of endogenous prostaglandins (both 
PGE, and prostaglandin I, (PGI,) are very potent dilators in 
the rabbit®), human CGRP was injected into skin sites preinjec- 
‘ted with indomethacin, which inhibits prostaglandin synthesis. 
-Arachidonic acid was used as a positive control; intradermally 
injected arachidonic acid is converted to a dilator prostaglandin 
in this system®!'. Figure 2 shows that increased blood flow 
induced by human CGRP in the skin was unaffected by 
indomethacin, whereas responses to arachidonic acid were 
inhibited. In this respect the effect of CGRP is similar to that 
f another putative neuropeptide, vasoactive intestinal polypep- 
tide (VIP)"?. 
We also investigated the possibility of a secondary release of 
other vasodilators in the skin by CGRP. The vasodilator 
sponses to CGRP were found to be unaffected by the 
cetylcholine (ACh) antagonist, hyoscine (0.1 nmol per site) 
and the B-adrenergic antagonist, propranolol (0.1-1 nmol per 
site). Moreover, as reported previously'*, ACh, isoprenaline, 
purines and substance P are weak vasodilators in rabbit skin: 
GRP was at least 1,000 times more potent than ACh, ATP, 
DP, adenosine, 5-hydroxytryptamine and substance P, and 
0-100 times more potent than the synthetic B-adrenergic 
‘stimulant isoprenaline. 
Direct microscopic observation of the hamster cheek pouch 
preparation in vivo? confirmed that increased '*’Xe clearance 
induced by CGRP was caused by dilatation of the major resist- 
nce vessels, the arterioles. The microvascular bed was super- 
fused with modified Krebs saline solution containing 
‘indomethacin (2.8 x10™°M). Topical application of CGRP 
(2:5 pmol per 10 wl) to preparations with a high arteriolar tone 
spontaneous, or induced with a superfusion of noradrenaline 
‘(1.5 x 1077 M) in two experiments) caused arteriolar dilatation 
from an initial diameter of 12.8+3.5ym to 39.3463 pm 
(mean +s.e.m., n= 4 animals; P < 0.02, paired Student’s t-test). 
The arteriolar dilatation in response to CGRP was maximal 
2min after application and persisted for at least 5 min. 
Immunoreactive CGRP has been detected in extracts of rat 
aortae (20 pmol per g in a pooled extract of 12 aortae; S. 
Wimalawansa, unpublished observation). We have discovered 
that CGRP has a relaxant effect on artery preparations in vitro 
by an endothelial cell-dependent mechanism. It has been repor- 
ed previously that some substances induce vasodilatation by 
stimulating the release, from vascular endothelial cells, of an 
nknown secondary mediator which causes smooth muscle 
elaxation’®. CGRP was tested in this manner using 3 mm-wide 
transverse strips of rat thoracic aorta in vitro. Noradrenaline 
(08 M) was added to the bathing medium to induce tone; 
uman CGRP was then added in increasing concentrations. A 
‚progressive relaxation of the tissue was seen (Fig. 3a), which 
was slower than that induced by ACh (see Fig. 3 legend). 
Relaxation was not seen in aortic strips from which the 
endothelial cells had been removed, as shown in Fig. 35. A 
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mparison of endothelium: ent relaxatio ced by | 
human and rat CGRP is ‘sh in Fig. 3c; each produced 
relaxation at concentrations as low as 25x107" M. 


Indomethacin pretreatment partially suppressed the relaxation 
induced by both CGRP preparations, but not that induced by 
ACh (see Fig. 3 legend). Thus, prostaglandin generation may 
be responsible for a part of the response to CGRP. A contribu- 
tion by prostaglandins should be considered in future studies 
of CGRP effects, although there was no evidence of such a 
contribution in the rabbit skin experiments. 

The potent vasodilator effects of CGRP were also observed 
in human volunteers (Fig. 4). Synthetic haman CGRP (Sandoz, 
Basle, Switzerland) was used, and eighteen doses injected 
intradermally into the volar surface of the forearm of three 
non-atopic subjects (S.D.B., J.R.T. and T.J.W.). CGRP (15 
f mol-15 pmol per 50 yl) induced vasodilation that was seen as 
local reddening within | min after injection. The reddening 
became more intense, while spreading slowly. The response 
lasted for 1h with a 15-fmol dose and 5-6h with a 15-pmol 
dose. At the higher dose, local reddening spread in streaks, 
suggesting lateral dispersion via lymphatic vessels'*, A transient 
patchy ‘flare’ surrounding the local reddening was sometimes 
observed, but there were no obvious weals over this dose range. 
A higher dose of CGRP, 250 pmol, induced a weal and flare 
response comparable with that induced by histamine at 
500 pmol. However, local reddening induced by histamine was 
less intense and faded with the weal and flare within an hour, 
whereas local reddening induced by the high dose of CGRP 
persisted for 10-12 h. 

These experiments demonstrate that CGRP is a potent vasodi- 
lator. Relaxation of the aorta in vitro seems to depend on 
endothelial cells, which may be relevant to the responses of 
major vessels and microvessels to circulating CGRP. Circulating 
CGRP could be involved in hyperaemia such as the flushing 
sometimes found in patients with medullary thyroid car- 
cinoma’, where CGRP has been detected in the plasma’. 
Whether arteriolar dilatation induced by local extravascular 
CGRP (as in the skin and hamster cheek pouch experiments) 
is endothelial cell-dependent remains open to question for this 
and other dilators such as ACh. It is possible that CGRP — 
receptors are present on the abluminal surface of endothelial 
cells or, alternatively, arteriolar smooth muscle cells may have 
their own CGRP receptors. Immunoreactive CGRP has been 
observed in nerve fibres associated with blood vessels’, which 
raises the possibility that CGRP is involved in neurogenic 
inflammation’®. CGRP may be the endogenous mediator of the 
skin flare response, as an alternative to substance P which has 
been proposed to be released from nerve terminals by 2 antidromic 
impulses passing down branches of afferent nerves” 

We know of no other reports of vasodilators producing sig- 
nificant effects at low femtomole doses. The-very high dilator 
potency of CGRP, shown here in four unrelated species, implies 
a function for this novel peptide. We consider it worthwhile to 
investigate the possibility that CGRP has a role in the physiologi- 
cal control of vascular tone and blood flow. 

We thank Dr S. Girgis for extraction of human CGRP, Dr 
M. Panico and Mr T. Etienne for purification and quantitation 
of CGRP. The human skin experiments were carried out with 
permission of the Ethical Committee of the Royal College of 
Surgeons of England. We thank the Wellcome Trust, the British 
Heart Foundation and the MRC for financial support. 
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` Biologically active peptide hormones and neurotransmitters have 

been shown to be enzymatically liberated from larger, inactive 

. precursor molecules by tissue-specific post-translational process- 

ing, particularly at the typical cleavage signals of paired basic 

_ residues'?. Subsequent N-terminal or C-terminal modifications 

may be of importance in regulating the biological activities of 

| these peptides (for review see ref. 3). C-terminal a-amidation is 
considered to be essential for the biological function of several 
` non-opioid peptides**. Here we present the isolation and structure 
of a novel C-terminally amidated opioid peptide, amidorphin, from 
bovine adrenal medulla. Amidorphin and the recently isolated 
octapeptide metorphamide’ (adrenorphin’) are the only 
endogenous opioid peptides in mammals known to possess a C- 
terminal amide group. The amino acid sequence of amidorphin 

“corresponds to the sequence 104-129 of bovine proenkephalin A 
(refs 8, 9). Very high concentrations of amidorphin were detected 
in bovine adrenal medulla and in a further endocrinological system, 
the hypothalamic—neurohypophyseal axis. Amidorphin may there- 

. fore be considered to be a major gene product of the opioid peptide 

`i ‘precursor proenkephalin A in these endocrine tissues. 

The sequence containing residues 104-130 of bovine proen- 
` kephalin A is flanked’ by pairs of basic lysine-arginine 
residues*"', which are considered to be typical cleavage signals 
for the enzymatic processing of peptide precursors ™?. Processing 
at these cleavage sites should liberate an opioid peptide with 
27 amino acid residues which contains the Met-enkephalin 
sequence at its N-terminus and a glycine residue at its C- 
terminus. It has been shown for several non-opioid peptides 
that after enzymatic processing at a pair of basic residues, a 
C-terminal glycine residue may serve as a nitrogen donor for 
the amidation of the preceding amino acid residue''. This con- 
version is considered to be mediated by a specific amidation 
enzyme'':'?. Thus, an opioid peptide with 26 amino acid 
residues, which corresponds to the sequence 104-129 of bovine 
proenkephalin A and carries a C-terminal amide group, may 
occur naturally. To investigate this hypothesis, the peptide was 
synthesized by Peninsula Laboratories and a radioimmunoassay 
(RIA) using a specific antiserum against the synthetic peptide 
was developed (see Fig. 1b legend). Using this RIA as monitor- 
ing system, the peptide, which has been named amidorphin 
(amidated endorphin-like peptide), was isolated from bovine 

~adrenal medulla. It was purified by gel filtration, affinity 
chromatography with the monoclonal antibody 3-E7 and finally 
by three different HPLC steps (see Fig. 1 legend). 

Figure | shows the absorbance and immunoreactivities of a 
typical third (final) HPLC purification step. The absorbance 
peak with the retention time of 84 min eluted in the position of 

‘synthetic amidorphin (Fig. la, hatched peak). It was recognized 
by the amidorphin antiserum, which is specific for the C- 
terminus of the peptide (Fig. 1b, black bar), and by the mono- 
clonal antibody, specific for the N-terminal Tyr-Gly-Gly-Phe 
sequence, common to all mammalian endogenous opioid pep- 
tides (Fig. Ic, black bar). i 

Sequence analysis yielded unambiguous results for the first 

- 24 amino acid residues (Table 1a). Amino acid composition 
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Fig. i Final HPLC purification step of amidorphin from bovine adrenal 
medulla. a, Absorbance at 210nm. Hatched peak indicates absorbance of 
purified endogenous amidorphin. b, Amidorphin immunoreactivity profile, 
determined with antiserum ‘Ekki’ directed against synthetic amidorp 
Black bar represents amidorphin-immunoreactivity under the hatched pea $ 
c, Immunoreactivity profile, determined with the monoclonal antibody 3-E7. 
This antibody is specific for the N-terminal sequence Tyr-Gly-Gly-Phe (ref, 
17), common to all mammalian endogenous opioid peptides known, The 
RIA was performed as described elsewhere'’. Black bar represents 3-E7- 
immunoreactivity under the hatched peak.. Methods: The EKKi antiserum 
was produced in New Zealand rabbits as Previously described'® and used 
in a final dilution of 1:2,500in a RIA with '*I-labelled synthetic amidorphin 
as tracer. The RIA procedure was as described elsewhere'®, with the modifi- 
cation that the RIA buffer did not contain Triton X-100. The highly specific 
amidorphin RIA required the C-terminal amide group as a recognition site. 
On a molar basis, synthetic amidorphin(20-26)-NH, cross-reacted by 100% 
and synthetic amidorphin(20-26)-OH (without the C-terminal amide group): 
by 0.01%. (Peptides were synthesized as previously described*.) Peptide F 
cross-reacted by 0.4% ; the following peptides cross-reacted by <0.01% 
metorphamide, Met-enkephalin, Met-enkephalin-NH2, Met-enkephali 
Arg’-Phe’, Met-enkephalin-Arg*-Phe’-NH., peptide E, BAM-12P, BAM: 
22P, Met-enkephalin-Arg*-Gly ~Leu®, B-endorphin, Leu-enkephalin, dynor- 
phin A(1-8), dynorphin A(1-17), @-/8-neo-endorphin, a/y-melanocyte: 
stimulating hormone. (The amidorphin antiserum will be described in-detail 
elsewhere.) Amidorphin was isolated from fresh bovine adrenal medulla 
Within 5 min postmortem, adrenals were placed on ice; within 90 min, they 
were separated from cortex, sliced and incubated in 5 vol/wt 0.1 M HCI for 
10 min at 96°C. Tissues were homogenized, centrifuged and supernatants’. - 
freed from lipids with 5 vol heptane/vol supernatant. After evaporating, the 
extracts were redissolved in 35 ml of 0.1 M acetic acid and chromatographed 
on a Sephadex G-50 fine column (5 x90 cm), eluting in 0.1 M acetic acid, 
Fractions (10 ml) were collected at a flow rate of 100 mih™! and aliquots © 
determined for immunoreactive amidorphin using a RIA with Ekki. After < 
gel filtration, amidorphin was further purified by affinity chromatography 
using the monoclonal antibody 3-E7. This antibody recognizes the N- 
terminal sequence Tyr-Gly-Gly-Phe (ref. 17), common to all endogenous 
opioid peptides (for coupling procedures see ref. 19). 30 ml gel was packed 
in a column (1 x40 cm) and equilibrated in 0.1 M ammonium acetate, pH 7.4. 
The pooled and lyophilized fractions from gel filtration, containing amidor- 
phin in a single peak in the position of synthetic amidorphin (not shown) 
were redissolved in 0.1 M ammonium acetate buffer, pH 7.4, centrifuged: 
and supernatants applied to the affinity column at 4°C (flaw rate: 
0.1 ml min™'), Subsequently, the column was washed with 500ml 0.1M 5 
ammonium acetatesand eluted with 40 mi 2.5 M acetic acid containing 1 M 
ammonium acetate. The eluate was lyophilized, dissolved in water and kept: 
frozen before HPLC. Final purification of amidorphin was achieved by three ; 
different HPLC steps: (1) an Altex Utrasphere ODS column (4.6 x 250:mm, 
particle size 5 um), buffer: 50 mM NaH,PO,/methanol (95% /5%) pH 2.7, < 
acetonitrile elution gradient 10-40% in 120 min; (2) an Altex-Ultrapore © 
RPSC column (4.675 mm), buffer 0.1% trifluoroacetic acid (TFA), 
acetonitrile elution gradient 10-40% in 120 min; (3) an Altex Ultrasphere 
ODS column (4.6x250mm: particle size Sum), buffer: S0mM” 
NaH;PO./methanol (95% /5%) pH 7.0, acetonitrile elution gradient 10- 
30% in 120 min (see Fig. 1). For all HPLC systems, |.1-ml (1 min) fractions “ae 
were collected at a flow rate of 1.1 mlmin™' and aliquots assayed for 
immunoreactive peptides. In all three HPLC systems, total amidorphin. 
immunoreactivity eluted in a single peak in position of synthetic amidorphin. 
The amidorphin-containing fractions from the third HPLC purification step” 
were desalted with a HPLC Altex Ultrasphere ODS column (6.6 x75 mm: 
particle size 3 um; buffer: 0.1% TFA; acetonitrile elution gradient 10-40% 
in 30 min) before sequence analysis, amino acid composition analysis and 
enzymatic cleavage. Results from four separations with ~80 g tissue each 
were consistent, each yielding 500-800 pmol of pure amidorphin (as deter: 
mined by RIA). 









4 of which were identified by automated Edman degrada- 
The two additional amino acid residues, valine and leucine, 
d thus be assigned to the C-terminus. The primary structure 
f amidorphin corresponds to the first 26 amino acid residues 
f peptide F (ref. 13), which i is contained in the sequence 104-129 
-of bovine proenkephalin A®*° 
-The C-terminal amide group of amidorphin was confirmed 
by’ carboxypeptidase A digestion experiments and by the 
“immunological characteristics of the peptide. Endogenous 
amidorphin was completely stable to carboxypeptidase A diges- 
tion over a time period of at least 5 h (Fig. 2) and exhibited full 
cross-reactivity with synthetic amidorphin in the amidorphin 
RIA that required the C-terminal amide residue as a recognition 
site (see Fig. 1b legend). Thus, we conclude that amidorphin 
was amidated at the C-terminus and that the complete primary 
structure of the peptide is Tyr-Gly-Gly-Phe-Met-Lys-Lys-Met- 
Asp-Glu-Leu-Tyr-Pro-Leu-Glu-Val-Glu-Glu-Glu-Ala-Asn-Gly- 
Gly-Glu-Val-Leu-NH). 

Amidorphin could be detected in extremely high concentra- 
onsin bovine adrenal medulla and the hypothalamic-neurohy- 
pophyseal axis (Table 2). In the adrenal medulla, total amidor- 
hin immunoreactivity consisted almost exclusively of authentic 
midorphin, which was determined by a combined use of 
amidorphin RIA, monoclonal 3-E7 RIA and co-elution with 
synthetic amidorphin on gel filtration and HPLC. In addition 























































‘Table 1 Gas-phase amino acid sequence analysis (a) and amino acid composition 
analysis (b) of bovine adrenal medulla amidorphin 





Cycle >PhNCS Cycle >PhNCS 
no. amino Yield no. amino Yield 
(N) acid (pmol) (N) acid (pmol) 
1 Tyr 165 15 Glu 40 
2 Gly 52 16 Val 26 
3 Gly 83 17 Glu 38 
4 Phe 66 18 Glu 32 
5 Met 168 19 Glu 49 
6 Lys 16 20 Ala 43 
F Lys 40 21 Asn 36 
8 Met 96 22 Gly 35 
9 Asp 48 23 Gly 47 
10 Gla 45 24 Glu 20 
H Leu 60 25 _ — 
12 Tyr 85 26 — — 
13 Pro 4i 27 — — 
14 Leu 61 
Amino No. of residues Nearest Theoretical 
acid per mol integer values 
Asx 2.19 2 2 
Thr 0 0 0 
Ser 0.36 0 0 
Gix 5.97 6 6 
Gly 4.18 4 4 
Ala 1.16 1 l 
Val 1.87 2 2 
Met 1.65 2 2 
He 0 0 0 
Leu 2.98 3 3 
Tyr 1.93 2 2 
Phe 0.83 1 i 
His 0 0 0 
Trp 0 0 o 
Lys 1.75 2 2 
Arg 0 0 0 
Cys 0 0 0 
Pro L19 i i 
Total no. of residues 28 26 





a, Gas-phase amino acid sequencing data of kovine amidorphin. 340 pmol (by 
amino acid analysis) amidorphin was loaded on an Applied Biosystems 470A 
protein sequencer. Methanol/ HCI was used for conversion of anilinothiazolinone 
TZ)}-amino acids. and HPLC on an IBM-cyanopropyl column’? was used for 
identification of phenylthiohydantoin. (PTH)-amino acids. 150 pmol of polyar- 
ithine (relative molecular mass 2,000- 15,0000, Sigma) were added to the sample 
Serve. as.an internal standard during sequencing. b, Amino acid composition 
analysis.of bovine amidorphin. Aliquots (22 pmol) of peptide were hydrolysed 
d analysed for amino. acid composition as described previously'®. Values are 

corrected for hydrolysis losses and represent the mean of two analyses. Cys 
‘was determined as cysteic acid. 
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Fig. 2 Effect of carboxypeptidase A digestion on endogenous amidorphin 
from bovine adrenal medulla (closed circle) and synthetic dynorphin( 1-8) 
(open circles). Endogenous amidorphin was stable to carboxypeptidase A 
digestion for at least 5 h whereas dynorphin(1-~8), which was added together 
with amidorphin to the enzymatic solution as a non-amidated control pep- 
tide, was completely digested within 10min. 

Methods: A mixture of endogenous amidorphin ( ~ 130 pmol) and synthetic 
dynorphin{ 1-8) (100 pmol) was subjected to carboxypeptidase A digestion 
according to the method previously described". Briefly, the peptides were 
dissolved in 3mi of 0.02 M Tris-HCI/0.2 M NaCl/0.1% Triton X-100, 
pH7.5. A suspension (10 wl) of carboxypeptidase A (20mg mi™') (Sigma, 
type I) containing 200 ug of enzyme was dissolved in 1 ml of 10% LiCl 
5 ul of the freshly prepared solution containing | pg of enzyme was added 
to the peptide mixture and the sample was incubated at 37°C. Six 40-l 
aliquots were withdrawn at, respectively, 1,5,10,60,120 and 300 min; to 
terminate the enzyme reaction, each sample was incubated for 10min at 
96 °C. Finally, the samples were assayed in triplicate by RIA for amidorphin 
and dynorphin (1-8) (dynorphin(1-8) was used as a control substance, 
because for this peptide a RIA was available that is specific for the C-terminus 
of dynorphin(1- 8)°°). Zero-time samples were withdrawn before addition 
of enzyme to determine the amount of peptide initially present in the sample. 
Separate samples of peptide mixture either with or without enzyme solution 
after inactivation at 96°C for 10 min were incubated for 300 min and assayed 
for immunoreactive peptides, in order to exclude the possibility of non- 

specific degradation of peptides during incubation. 





Table2 Regional distribution of amidorphin in bovine adrenal medulla 
and hypothalamic-neurohypophyseal system : 





Total Authentic 
immunoreactivity peptide 
(pmol per g tissue) (pmol per g tissue) 
Adrenal medulla 1,376 + 242 1,172 + 206 
Posterior pituitary 5,210 + 888 677 115 
Hypothalamus 638 + 73 168 + 18 





The concentrations of authentic amidorphin are compared: with. the 
concentrations of total amidorphin immunoreactivity. Values represent: 
mean +s.e.m., n = 5. Methods: Fresh bovine tissues from a local slaugh- 
terhouse were placed on ice within 5 min of decapitation and extracted 
within 90 min as described for the isolation procedure. Amidorphin 
immunoreactivity was determined by RIA (see Fig. 1b legend). The 
extracts of each area were chromatographed on a Sephadex G-50 super- 
fine column (1.6 x90 cm), eluting in 15% (v/v) acetic acid. Fractions 
(3 ml) were collected at a flow rate of 15 mlh7' and aliquots assayed 
for immunoreactive amidorphin. In each case amidorphin eluted in a 
single peak. The peak fractions were treated with H,O, to oxidize 
amidorphin-related peptides to their respective methionine sulphoxide 
forms and subjected to a HPLC Altex. Ultrasphere ODS column (4.6 x 
250mm, particle size 5pm), buffer: 50mM NaH,PO,/methanol.. 
(95% /5%) pH7.0; acetonitrile elution gradient 0-30% in 120min: 
Fractions (1.1 ml) were collected at a flow rate of 1.1 mimin™' and. - 
aliquots determined with the amidorphin RIA and antibody 3-E7 RIA, 
respectively (for RIAs see Fig. 1 legend). More than 80% of total 
amidorphin immunoreactivity from bovine adrenal medulla eluted in 
the position of synthetic oxidized amidorphin on HPLC. This peptide ~ 
was also recognized by the RIA with the monoclonal 3-E7 antibody. In 
contrast, only. 25% and 13% of immunoreactive amidorphin from. 
hypothalamus and posterior pituitary, respectively, eluted in the position 
of synthetic oxidized amidorphin. In these tissues, the amidorphin 
immunoreactivity was predominantly constituted by peptides that were 
recognized only by the amidorphin antiserum specific for the C-terminus 
of the peptide but not by antibody 3-E7, which detects the N-terminus . 
of opioid peptides. Thus, these peptides, which exhibited slightly lower 
relative molecular masses on gel filtration and shorter retention times: 

LC compared with synthetic oxidized amidorphin, might be — 
fragments of amidorphin. (We are now isolating ‘them in 
rmine the exact amino acid sequence.) 





















were found to contain high amounts of putative C-terminal 
fragments (see Table 2 legend). Thus, in contrast to the adrenal 
medulla, amidorphin may be further processed in the 
hypothalamic-neurohypophyseal system, giving rise to C- 
terminal fragments and, possibly, Met-enkephalin from the N- 
terminal part of the peptide. 
; . The high concentrations of authentic amidorphin in bovine 
adrenal medulla and the hypothalamic-neurohypophyseal sys- 
tem suggest that this novel amidated opioid peptide is a major 
gene product of the opioid peptide precursor proenkephalin A 
-in these endocrine tissues. Note that, for example in bovine 
. adrenal medulla, amidorphin occurs in concentrations almost 
two orders of magnitude higher than those of metorphamide, 
_ the other endogeneous opioid peptide known to possess a C- 
` terminal amide group. 
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It has been proposed that protein kinase C mediates cellular 
responses evoked by external stimuli, leading to alterations in 
internal free calcium concentrations™*, We have shown previously 

. that histamine-secreting rat basophilic leukaemia cells (RBL- 
2H3), which degranulate on aggregation of the receptors for 
immunoglobulin IgE*, contain a Ca?*- and phospholipid- 
dependent protein: kinase (kinase C)*’. The partially purified 
enzyme is activated directly by the tumour-promoting phorbol ester 
12-O-tetradecanoylphorbol-13-acetate (TPA). In intact RBL cells, 
TPA potentiates histamine release induced® by the Ca**-ionophore 
A23187 (similar to the synergy reported for platelets’, neutrophils? 
and rat peritoneal mast cells’), Although TPA at concentrations 
below 15 nM synergizes with the antigen, higher TPA concentra- 
tions inhibit secretion®. This selective inhibition suggested that 
kinase C is involved in both the activation and termination of the 
secretory process. To examine this possibility, we have determined 
the effect of TPA on changes in free cytosolic Ca** concentration 
during antigen-induced release. We report here that TPA com- 
pletely blocks the increase in Ca?* concentration induced by 
antigen. Our results strongly suggest that protein kinase C is 
involved in the regulation of receptor-dependent Ca2* signalling. 
Using emission of the fluorescent Ca** indicator quin-2 (refs 
6,9) to monitor changes in the internal concentration of free 
Ca** ions in RBL cells, we observed a rapid increase in the 
internal Ca** concentration, from an initial value of 93 +5 nM, 


to 350+ 94 nM (average of 15 different experiments), on stimula- 


tion with antigen (Fig. ta). Maximal increase was rea hed wit hin 











au rentie amidorphin, hypothalamus and posterior pituitary 


` added to the cells 20 min after their stimulation with antigen 















































The biological significance of the C-terminal amid, 
opioid peptides remains unclear. For example, the C-termi 
amide group of amidorphin may influence the selectivity of it 
binding to different opioid receptor subtypes, as has bee: 
demonstrated for the C-terminal amide group of metorphamide® 

The opioid peptide B-endorphin has been shown to possess | 
a second biologically active (non-opioid) site at the C 
terminus'*. Moreover, the presence of the a-amide group i 
essential for the biological activity>* of several non-opioid 
peptides possessing C-terminal amide residues, for examp 
corticotropin-releasing factor, gastrin and cholecystokin 
Thus, in addition to a distinctive opioid-like function for amid. 
phin, it is conceivable that the C-terminal amide group 
amidorphin is involved in a non-opioid function of this pepti 

We thank S. Kosin, Dr R. M. Arendt and Dr M. J. Mi 
for their support. e 
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l min and the Ca** concentration had begun to decay 3min 
later, reaching basal levels ~80 min after stimulation. In spite 
of the rapidity of the increase in internal free Ca** concentration, 
it was about 45 min before the histamine secretory process w 
complete (Fig. 2), indicating that the rate-limiting step in the 
events leading to degranulation lies distal to Ca”* influx. A 
tion of TPA alone (1.5-75 nM) failed to trigger any chang 
the internal Ca** concentration (Fig. 1b). It did, however, com 
pletely block the antigen-induced Ca’* signal (Fig. 1b). 
When added after antigen, TPA rapidly reversed the Ca?t 
signal (Fig. 1c), supporting the notion proposed by Beaven | 
al.'° that the Ca?” signal is maintained dynamically by th 
balance between Ca?* influx and active Ca?’ efflux. The TPA- 
induced inhibition of Ca?* influx and the continuous: efflux 
results in reversal of the Ca?* signal. Inhibition of the antigen- 
dependent Ca”* influx was observed at very low TPA concentra- 
tions (1 ng mi™', 1.5nM). In contrast, low concentrations of 
TPA (<10ngml”', 15nM), rather than inhibiting antigen- 
induced release, potentiated itf. We therefore attempted to 
resolve this apparent discrepancy by examining the effect of 
TPA on antigen-induced release as a function of time after 
stimulation by antigen. We found that at 7.5 nM, TPA, reported. 
to synergize with antigen-induced histamine release®, markedly 
inhibited release for up to 25 min. This effect was, haweve 
relieved and release was further potentiated 30 min later ( Fig. 2 
In contrast, the inhibition exerted by a higher concentration o 
TPA (75 nM) was observed throughout the time range studi 
(Fig. 2). Significantly, when this high concentration of TPA wa 


no inhibition took place (Fig. 2); in fact, release was agail 
potentiated by TPA (Fig. 2). Hence, although in such experi 
mental conditions TPA reverses the Ca** signal (Fig. 1c), i 
does not inhibit histamine release. eee 

Protein kinase C has been shown to be the cellular recepto 
for TPA’. Thus, our results clearly demonstrate that kinase’ 
is involved in an early step of the coupling between stimulus 
and secretion—the regulation of the plasma membrane permea- 
bility to Ca°* ions. When activated directly (by TPA), before 
exposure to antigen, kinase C inhibits the antigen-induced rise 
in internal Ca** concentration. It is possible that this is achieved 
by effecting closure of the Ca’* gates. Indeed, as these Ca2* 
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ig: 1 Fluorescence changes induced by antigen and TPA in 
BL-2H3 cells loaded with quin 2, reflecting internal Ca?* con- 
centration, [Ca?*],. a, Response of the cells to Sng ml™' dinitro- 
‘phenyl ‘bovine serum albumin (DNP-BSA). b, Effect of TPA 
(Ing mi", 1.5 nM) on the internal Ca** concentration and the 
antigen-dependent Ca?* signal. c, Effect of TPA (SOng ml’, 
= 75 nM) on Ca?* signal when added 2 min after antigen. d, Effect 
cof lysing the cells with 0.05% Triton X-100 followed by the addition 
of Mn** (0.5mM). F represents the percentage of fluorescence 
` obtained. These traces are the results of a typical experiment. 
Similar results were obtained in 15 similar experiments. 
Methods. Cells were maintained in 250-ml tissue culture flasks in 
‘Eagle's minimal essential medium (Gibco) supplemented with 15% 
heat-inactivated fetal calf serum (Biolab), 4mM glutamine and 
ntibiotics in 5% CO, at 36°C. Attached cells were collected 48 h 
after passage by repeated pipetting and suspended in Tyrode buffer 
‘containing 137 mM NaCl, 2.7 mM KCI, 0.4 mM NaH,PO,, 2mM 
CaCl,, I mM MgCl, 20mM HEPES, 5.6mM glucose and 0.1% 
L BSA pH 7.4. The cells (1 x 10° mi~') were incubated with a mono- 
clonal, DNP-specific, IgE antibody for | h at 37°C. After several 
washings with Tyrode buffer, several batches of cells (each 5 x10’ 
cells ml”') were subsequently incubated with 100,.M of quin 
2-acetoxy methyl ester (AME) (16 wl of a 10mM stock solution 
-in dimethyl sulphoxide to 1.6 ml) for 15 min at 37°C. The cells 
were also supplemented with 1,5-bis(4-allyldimethylammonium 
--phenyl)pentan-3-one dibromide (BW284C51, Wellcome) to 
minimize extracellular quin-AME hydrolysis by membranal or 
secreted esterases. Aliquots of the cell suspension (2 x 10° cells) 
were then centrifuged and the supernatants discarded. The cell 
pellets were resuspended to a final volume of 2 ml each and 
transferred to l-cm optical path quartz cuvettes, continuously 
stirred by an inserted electrical stirrer. Fluorescence changes were 
followed using a thermostated (37°C) Perkin-Elmer MPF-44A 
- spectrofluorimeter (excitation 339 nm, emission 492 nm). Hydroly- 
-sis of quin 2-AME to quin 2 and its uptake into the cells were 
“examined by following the shift in emission maximum from 435 
to 492 nm*!°, 
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Fig.2 Effect of TPA on antigen-induced release. @, Basal release; 
O, release induced by I ng mi! DNP-BSA; 0, release in the 
presence of 1 ng mi~’ DNP-BSA and 7.5 nM TPA; A, release in 
the presence of | ng ml~' DNP-BSA and 75nM TPA; A, release 
in the presence of I ng mi~’ DNP-BSA and 75 nM TPA, with TPA 
added 20 min after antigen (arrow). 

Methods: During the | h incubation with IgE, the cells were also 
supplemented with 3H-serotonin (5 pCiml”', Amersham). After 
washing, release was induced by adding 100-p1 cell suspension 
aliquots to each well of a 96-well flat-bottom microtitre plate 
(Nuncion) containing the various reagents. At the end of the 
indicated time periods, the cells were spun down and 100-pl 
aliquots of their supernatants counted. The total radiolabelled 
serotonin incorporated into the cells was determined by lysing the 
cells in 50 pl of 2M NaOH and counting the radioactivity in the 
whole sample. Release is expressed as percentage of the total 

3H-serotonin content. 





gates are regulated in a potential-independent manner'*"?, 


changes in their state of phosphorylation may be associated 
with their mode of regulation'*. Alternatively, kinase C may be 
activating an ATPase responsible for pumping out Ca** ions. 
Kinase C is probably also involved in a later step, distal to Ca** 
influx; when it is activated, its participation in this step leads 
to potentiation of the secretory process. Hence, activation of 
kinase C after stimulation results in enhancement of release. 
Thus, when TPA is introduced before stimulation, it induces — 
both off and on signals. In the case of treatment with low TPA 
concentrations (<15 nM), the potentiating effect of TPA seems 
to overcome the inhibitory effect, resulting in secretion in the 
absence of a significant rise in internal Ca**. Indeed, whereas 
phorbol esters synergize with internal Ca** to attain a full 
cellular response in some cell types®'*, they block response in 
others'*'”. Thus, this apparent dual role of kinase C is not 
confined only to RBL cells but may represent a universal role 
for this enzyme in the mediation of cellular responses. 

After completion of this manuscript, we were informed that 
Dr James C. Metcalfe and his colleagues have been conducting 
similar experiments and eventually obtained the same results. 
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_ The HLA class II antigens are a highly polymorphic family of 
dimeric cell-surface glycoproteins, expressed predominantly on 
the surface of immunocompetent cells. They are intimately involved 
_ with the induction of the T-cell response to extrinsic antigen'~* 
and are important predisposing factors for a wide spectrum of 
~ — autoimmune diseases”. We describe here the expression of a class 
Al product from the HLA-DP (new WHO nomenclature, formerly 
__ SB) subregion after transfer of cloned genes into mouse fibro- 
_. _ blasts. The transfected DP antigen is recognized by several HLA 
-<class IT monoclonal antibodies and, though present in a mouse 
cell background, is able to function in the presentation of influenza 
antigen to cloned DP-restricted human T lymphocytes. 
Molecular cloning studies show that the HLA class II region 
contains a minimum of six a-chain® and seven B-chain genes, 
which on sequence analysis can be resolved into the three 
subgroups—DP (formerly SB), DQ (formerly DC) and DR— 
_ defined by serological and cellular typing (for a review, see 
> ref. 4). The DP region, originally defined by primed lymphocyte 
typing’, contains two @ and two B genes arranged in the order 
DPB2, DPa2, DPB1, DPa1 (ref. 8). The products of this com- 
plex, closely linked and highly related gene family are normally 
xpressed coordinately, posing problems in attributing structural 
features, such as antigenic epitopes, and functional properties, 
such as T-cell recognition, to any one antigen. The transfection 
and expression of cloned ‘genes is thus a useful approach to 
characterizing the structure and function of each product in 










isolation. 
Fig. 1 Schematic maps and transfec- HSV-TK DPa2 
tion of cosmids JG8a and LC14. Cos- 3s 5s g 


mid JG8a contains two DP-region a- See: = COSMID JG8a. 
chain genes and one -chain gene. The Pw R R R R R R R HA 


restriction sites for EcoRI and Nrul 
are shown. Further details have been 
published elsewhere", Cosmid LC 147° 


Vector pOPF 


S $ HSV-TK DQa 
contains an incomplete DQ, gene and z sg y 
a DQ,-related gene found on EcoRI exo — 














Expression after gene transfer of both human an 
major histocompatibility complex (MHC) class Hg 
been reported™'?. In the mouse, the functional activity of the 
transfected molecules was also investigated and the capacity of 
B-cell lymphomas", interferon-induced macrophages'! and L- 
cell fibroblasts’? to present antigen after transfection was demon: 
strated. The B-cell transfectants were also shown to effect all 
stimulation’® and the L-cell transfectants to act as targets fo 
allogeneic killing'?. The present experiments aimed to demon- 
strate the expression of human HLA-DP genes in mouse L cell 
and to determine their ability to activate DP-restricted influenza 
virus-specific T cells. E 
The cosmid clone JG8a, isolated from a library of placent 
DNA, contains two DPa-related genes and one DPB-related 
geneë (Fig. 1). The genes were introduced into mouse L cells b 
co-precipitation with calcium phosphate followed by selectio: 
for thymidine kinase (TK). An initial analysis of TK* transfec. 
tants for expression at the messenger RNA level showed tha’ 
transcription was occurring from all three genes (data not 
shown). On testing mass cultures of JG8a transfectants with a 
variety of HLA class H monoclonal antibodies, DA6.231 (a 
DR, -DQ and -DP) gave consistent, above-background stainin: 
on flow microfluorimetry analyses using the fluorescence-acti 
vated cell sorter (FACS). This antibody was then used to sele 
for transfectants with comparatively high levels of D 
expression, either by FACS sorting or screening of primary TK 
transfectants. The experiments described here analyse the anti 


body-binding patterns and functional activity of one such selec- 
ted line. A 


























bodies, DA6.231 (anti-DR, -DQ and -DP), TU39 (anti-DR, -DQ 
and -DP), SG171 (anti-DR, -DQ and -DP) and B7/21 (anti-DP, 
originally anti-FA, see below and ref. 13), but only backgroun 
binding with DA6.164 (anti-DR), L203 (anti-DR), TU22 (an 
DQ, possibly also anti-DR) and MHM4 (classified as anti: DP 
The locus specificity attributed to these antibodies is based on 
binding studies of y-irradiation-induced B-cell deletion mutants 
selected for loss of class II expression?" and immunochemica 
analysis on two-dimensional gels'*'®. In the case of DA6.231 
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fragments of 5.5 and 18 kb as shown. 
Methods: DNA was introduced into a 
subline of LTK” cells previously 
shown to give good surface expression 
of transfected HLA-DR genes’. The 


Vector pSAE 


technique adopted was that of co-precipitation with calcium phosphate?” using purified cosmid DNA and LTK” carrier DNA at a final 
concentration of 15 pg mi~! transfection cocktail. The precipitate was added to LTK” cells, seeded at a density of 0.5 x 10° cells per -cm 
dish, and given a fresh change of Dulbecco’s modified Eagle’s medium (DMEM) with 10% fetal calf serum (FCS) 4h before transfection. 
0.66 ml of transfection cocktail was added to 5.5 ml medium in each dish and after 4-10h incubation at 37°C, 10% CO,, a glycerol shock: 
was given. The cells were overlaid with 25% glycerol in DMEM for | min before washing and adding 10m! DMEM with 10% FCS and 
5 mM sodium butyrate”. After a further 12 h incubation, the medium was changed to selective medium containing 15 pg mi”! hypoxanthine; 
0.2 ug mi~? methotrexate and 5 pg ml”! thymidine. The cells were subsequently maintained in this medium with changes every 3-4 days. TK* : 
colonies were visible after ~12 days and were either removed by trypsinization to form a mass culture or trypsinized individually using cloning 
tings. DNA used in the transfection experiments to produce the lines described was as follows. L8a.5: 5 ug JG8a cut with Nrul, i pg pOPF. - 
cut with EcoRI, 5g LTK” DNA; LpOPFm: l pg pOPF cut with EcoRI, 9pg LTK” DNA: Ll4m: 2g LCI4, 8 ug LTK DNA: The — 
co-transfection procedure used to produce L8a.5 reduced the efficiency of TK* colony formation at least 10-fold whilst improving the levels 
of DP expression observed in the resulting transfectants. The Nrul digestion linearizes the cosmid and destroys thymidine kinase activity, 

while cutting at the EcoRI site at the 5’ end of the tk gene truncates important regulatory sequences and reduces transcription levels. Use.of 
this EcoRI fragment has been described in constructs to promote high copy number integration”. The line L8a.5 was derived from a single 
TK* colony and selected for further study on the basis of comparatively high levels of DP expression. Southern blot analyses demonstrated _ 
the high copy number of integrated sequences found (data not shown). The lines LpOPFm and Li4m are mass cultures derived from ~100 
colonies and are used as controls in subsequent experiments. Before experimental analysis, the L cells were incubated for 16-24 h in medium. 
containing 5 mM sodium butyrate, a procedure found to enhance levels of DP expression. 
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U39, SG171, TU22, L203 and DA6.164, the binding results for 
‘the DP transfectants strengthen the argument for these locus 
_ assignments. Positive binding of B7/21 supports the view that 
is antibody detects DP-region molecules”, previously termed 
FA". Conversely, the lack of binding by the MHM4 antibody 
questions its specificity for DP, although it may well recognize 
the DP82 product or a polymorphic DPB1 product, not 
- expressed by the transfectants. Phese results emphasize the value 
such transfectant lines in elucidating the complex cross- 
-reactions of HLA class H antibodies. Accurate quantitation of 
the level of surface antigen expression relative to that seen on 
B-cell lines is difficult because of these cross-reactions. However, 
mparison of. mean fluorescence levels observed on binding 
/21 tothe B-cell line LNAT suggests that surface expression 
imately fivefold lower on the DP transfectants. 


SG171 B7/21 


cA 





Fig.2 Surface expression of DP antigen by transfected mouse L 
cells. a, Flow microfluorimetry analyses of the transfectants L8a.5 
(thin lines) and L14m (thick lines} using a panel of monoclonal 
antibodies to HLA class II determinants and an anti-H-2* class I 
antibody. Fluorescence intensity is plotted as a linear function of 
cell number and 10,000 cells were analysed for each histogram. b, 
ELISA assay for binding of HLA class II monoclonal antibodies 
to the EBV-transformed lymphoblastoid cell line LNAT (O) and 
L-cell transfectants Lp0PFm (@) and L8a-5 (A). 

Methods: a, 1 x 10° celis were washed with cold phosphate-buffered 
saline (PBS) containing 5% fetal calf serum (FCS) and incubated 
with 100 ul of antibody diluted in PBS+5% FCS for 30 min on 
ice. All HLA class II antibodies were used in the form of ascites 
fluid diluted 1 in 200; 11 4.1 was used as a hybridoma supernatant 
diluted 1 in 2. Cells were washed three times in cold PBS+5% 
FCS and incubated for a further 30 min on ice with a | in 10 
dilution of fluorescinated IgG fraction rabbit anti-mouse IgG (Cap- 
pel Laboratories). After two final washes the cells were resuspended 
in cold PBS and analysed on a FACS-1 (Becton & Dickinson). b, 
Cells were washed three times in PBS and added to 96-well plates 
pretreated for 1 h with 0.1 mg mi7! poly-L-lysine in PBS (10° cells 
in 50 ul PBS per well). The cells were spun onto the base of the 
wells and then fixed by gently adding 200 pl per well 0.025% 
glutaraldehyde in PBS and standing at room temperature for 
20 min. After washing, the plates were stored at 4°C in a solution 
of 200 pg mi~' gelatin, 0.02% NaN; in PBS. Before adding anti- 
body, the cells were treated with 0.1% phenylhydrazine in PBS 
for 1h and then washed in PBS (3x) and once in PBS+0.2% 
Tween 20. Antibody ascites, diluted at 1 in 500 in PBS+ 5% FCS 
and at subsequent five-fold serial dilutions, were added to the cells -° 
at 50 pl per well in triplicate and the plates were incubated at room > : 
temperature for 2h. The cells were washed (as above) and then 
incubated for 30min with 25 yl per well 5% goat anti-mouse 
immunoglobulin (Central Laboratory of the Netherlands Red 
Cross Blood Transfusion Service) in 200 mM Tris-HCI pH 7.6 with 
10% normal goat serum (NGS). After further washes the plates 
were incubated for 30 min with peroxidase-antiperoxidase immune 
complexes (PAP) in Tris-HCI 7.6+ 10% NGS. After final washing, 
substrate (1 mg ml~' o-phenylenediamine, 0.05% H,O, in sub- 
strate buffer, 156 mM Na,HPO,, 27 mM citric acid pH 6.0) was 
added (100 pl per well) and the plates were incubated in darkness 
for 30 min. Absorbance at 450 nm was read on the Titer Multiscan. 

Results are expressed as the mean of triplicate wells. 


The presence of the DP antigen was.confirmed biochemically 
by immunoprecipitation using the monoclonal antibodies SG171 
and B7/21 coupled with two-dimensional non-equilibrium pH 
gradient electrophoresis/sodium. dodecyl sulphate polyacryl- 
amide gel electrophoresis (NEPHGE/SDS-PAGE) analysis. 
Figure 3 shows the two-dimensional pattern of ‘”*I-labelled 
polypeptides derived from microsomes of the mouse L cells 
(Fig. 3a) and the L cells transfected with cosmid clone JG8a 
(Fig. 3b). In addition to the nonspecific polypeptides found in 
both cells, the monoclonal antibodies precipitated a single puta- 
tive a-chain of relative molecular mass (M,) 30,000-32,000 and: 
at least two possible £ subunits of 29,000-32,000 from the: 
DP-transfected cells. The identification of these spots is based : 
on the isoelectric points and M, positions previously found for 
HLA-D region antigens'”®, The labelled a-chain spot suggests 











Fig. 3 Two-dimensional NEPHGE/SDS-PAGE analysis of 
imimunoprecipitates using a combination of monoclonal antibodies 
. SGI7L-and B7/21 against mouse L cells (a) and mouse L cells 
transfected with cosmid clone JG8a (b). Numbers on the left-hand 
side represent size markers (Mr x 107°). 
‘Methods: Microsomes were prepared by shearing the cells in a 
Stansted cell disrupter, centrifuging at 1,500 r.p.m. for 5S min to 
remove nuclear debris and finally at 18,000 r.p.m. for 30 min to 
pellet the membrane vesicles. The resuspended pellet was labelled 
with '*5| by lactoperoxidase-catalysed iodination’, washed and 
then solubilized in lysis buffer (1% (w/v) Nonidet P-40 in 10 mM 
Tris-HCI buffer pH 8.2 containing 150mM NaCl, 1 mM EDTA 
and 1 mM phenylmethylsulphony! fluoride). A glycoprotein frac- 
tion was prepared by binding to Lens culinaris lectin and eluting 
with. 10% a-methyl-p-mannoside. The lysate (5x 10’ cell 
equivalents) was incubated overnight at 4°C with 5 pl of ascitic 
fluid of SG171 and B7/21 before precipitating the immune com- 
plexes with 20 pl of 10% Staphylococcus aureus Cowan | strain 
“(SaC1). Immunoprecipitates were washed twice in lysis buffer 
‘containing 500 mM NaCl and once in lysis buffer alone. Immune 
complexes were eluted from SaC! pellets by incubating in isoelec- 
tric focusing sample buffer (9.2 M urea, 2% Nonidet P-40, 5% 
ampholines pH range 3.5-10 (LKB) at 50°C for 30min. Two- 
dimensional NEPHGE/SDS-PAGE analysis was done as 
described previously’. 


that, contrary to the case of the DP a-chain on the surface of 
intact B cells'*!’, the a-chain in microsomes from the L-cell 
transfectants is accessible to lactoperoxidase-catalysed iodina- 
tion. It is likely to correspond to the DPal gene product, as 
the sequence from this gene matches the sequence available for 
DPa cDNA clones and protein sequence data®. However, the 
data do not exclude concomitant expression of the DPa2 gene. 
The presence of multiple B-chains probably reflects stages of 
glycosylation’. 

Having established that the JG8a transfectants were express- 
ing a DP antigen at the cell surface, the L-cell transfectants were 
assayed for their ability to induce proliferation of the T- 
lymphocyte clone TLC71 in the presence of antigen. TLC71 has 
been shown to proliferate in response to DPw2 class II deter- 
minants!’ and the neuraminidase (NA) glycoprotein of influenza 
A virus”. In the presence of intact influenza virus 
(A/Texas/1/77) or NA (N, of Papua New Guinea/1/75), the 
DP L-cell transfectant was able to induce TLC71 to proliferate 
(Fig. 4a). However, in the presence of an irrelevant antigen, 
peptide 20 (p20; residues 306-329 of the HA! molecule of 
influenza haemagglutinin”) or with DQ transfectants, there was 
no response. Neither HA1.7 (DQ restricted and specific for p20) 
nor TLC 37 (DR restricted and specific for matrix protein) 
T-cell clones were activated by the L-cell transfectants. However, 
both HA1.7 and TLC 37 clones proliferated in response to 
specific antigen presented by autologous peripheral blood lym- 
phocytes (PBL) or Epstein-Barr virus (EBV)-transformed B 
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Fig. 4 Antigen presentation assay. The proliferation response o! 
T-lymphocyte clones TLC71 (neuraminidase specific, D 
restricted), TLC37 (matrix protein specific, DR-restricted) an 
HAI.7 (peptide 20 specific, DQ-restricted) in the absence of ani 
(column 1), or with intact virus (A/Texas/1/77 x49 at 5 haema; 
glutinating units mi~', column 2), or neuraminidase (N, of Pa 
New Guinea/1/75 at 107° v/v, column 3), or p20 (1.0 pgm 
column 4). Presenting cells: a, DP L-cell transfectants L8a:5 (== 
(1.25 «10° ml7'); DQ L-cell transfectants Li4m («+--+ +)-(1 
10° ml~'). b, Autologous PBL (--~-- ) (1.25 x 10° mi~’); EBV. 
transformed autologous B-cell line LNAT (----- ) (0.5 x 10° mi) 
c, Inhibition of the proliferation response by TLC71 with anti-HLA’ 
Class I] antibodies. The assay for the proliferative response to 
intact virus was performed as before using DP transfectants L8a.5 
(A) and autologous PBL (O) as presenting cells. Antibody ascites 
was added at the initiation of the cultures in the dilutions shown,: 
and left in for the duration of the experiment. 
Methods: The isolation and characterization of T-lymphocyte 
clones TLC71, HA1.7 and TLC37 have been described in detail 
elsewhere'®?°*34, Briefly, PBL from the donor LNAT were cul- 
tured for 6 days with specific antigen. The lymphoblasts: were 
enriched on a discontinuous Percoll (Pharmacia) gradient. and, 
resuspended in RPMI-1640 (Gibco) containing 10% A* serum 
and 20% interleukin-2 (1L-2) and plated at one cell every third 
well in Microtest II trays (Falcon) with 10° irradiated (2,500 rad) 
autologous PBL and antigen. After 7 days, growing clones were 
transferred to 96-well microtitre trays and subsequently to 24-well 
trays. At each transfer the clones received fresh IL-2 and irradiated 
PBL together with antigen. The clones were expanded in 25-cm? 
tissue culture flasks receiving 1L-2 every 3 days and irradiated 
histocompatible PBL and intact virus (A/Texas/ 1/77) every 7 da 
IL-2 was prepared from 48-h supernatants of PBL (1 x 10° mi?) 
cultured with 0.1% purified phytohaemaggtiutinin (PHA-P, Difco) 
in complete medium containing 2.5% A* serum. The clones. were 
used in proliferation assays 6-7 days after the addition. of feeder. 
cells (irradiated PBL). Cloned T cells (5 x 10* ml~') were cultured 
together with the antigens and presenting cells described above. 
The L-cell transfectants and EBV-line received 5,000 rad and PBE- 
3,000 rad before use. Following 60 h incubation, the cultures were» 
pulsed for 8-16 h with 1.0 pCi°H thymidine ?H-TdR, Amersham)” 
and collected onto glass fibre filters. Proliferation as correlated: 
with >H-TdR incorporation was measured by liquid scintillation 
spectroscopy. Results are expressed as the mean counts per min 
of triplicate cultures +s.e.m. oe 






















































antibodies to various class II HLA molecules was tested. Figure 
4c shows that the anti-DP antibodies TU39 and B7/21 inhibit 
the proliferation of TLC71 whereas TU22 and L203 have no 
ffect. In a parallel experiment, TU22 (anti-DQ) and L203 
anti-DR) effectively inhibited the response of HAI.7 (DQ- 
restricted) and TLC37 (DR-restricted), respectively, to intact 
A/Texas in the presence of autologous PBL (data not shown). 
Further analysis of the polymorphic specificity of T-cell recogni- 
ion can now be pursued using both transfectants and T-cell 
clones of different specificities. 

The capacity of the DP-expressing mouse fibroblasts to 
activate human T cells in the Presence of antigen indicates 
hat antigen presentation is not restricted to the 
macrophage/monocyte or B-cell lineages. This agrees with our 
recent observation that thymocytes expressing Class II antigens 
can activate human T-cell clones” and also with the results for 
the mouse class II L-cell transfectants'*. The implication is that 
either secondary signals such as the secretion of interleukin-1 
(IL-1) are not always essential or that cells other than classical 
antigen-presenting cells such as mouse fibroblasts are able to 
rovide them. Similarly, the postulated interactions between the 
-cell surface antigens such as T4 (refs 23, 24) and LFA-1 (ref. 
) and the antigen-presenting cell are either not obligatory or 
are directed against targets present on the surface of the L-cell 
transfectants. Requirements for T-cell activation may well be 
more stringent for primary rather than secondary stimulation 
and may also vary with the particular antigen and T-cell clone 
involved. However, in the system described, it is clear that 
antigen-dependent activation can occur in the absence of any 
human cell-surface molecule on the presenting cell, other than 
the HLA restriction element recognized by the T-cell receptor. 
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Lectins are proteins with multivalent carbohydrate-binding sites, 
which confer the ability to agglutinate. The seeds of legumes are 
particularly rich in lectins, for example, concanavalin A (Con A) 
comprises up to 15% of the protein in the cotyledons of jack bean 
(Canavalia ensiformis) seeds. The amino acid sequences of Con 
A and several other legume lectins have been partially or fully 
determined, and comparison of these sequences from different 
species reveals a circular homology’? (Fig. 1A); rearrangements 
within the genome have been suggested to explain this”. We report 
here that the circular homology displayed by Con A is due to a 
post-translational transposition and ligation within the initial poly- 
peptide. This type of modification has not been reported previously 
for eukaryotes, although it has been suggested to occur in bac- 
teriophage A (ref. 3). 

A proportion of the Con A monomer extracted from mature 
seeds is cleaved after Asn 118 (ref. 4), yielding three bands on 
SDS-polyacrylamide gel electrophoresis (PAGE) (Fig. 1B). An 
initial observation that some of the monomer extracted from 
immature seeds had a slightly higher relative molecular mass 
(M,) (Fig. 1B) led us to determine the N-terminal sequences 
of the two forms (Fig. 1C). The additional form found in 
immature seeds has an N-terminal extension of four residues, 
the remainder of the sequence being the same as that reported 
previously’. 

A form of Con A having no lectin activity (37CA) was detected 
using Western blotting (Fig. 2A); this form is found throughout 
the growth of the seed but disappears on maturation. The pattern 
of fragments of Con A in immature seeds (Figs. 1B, 2A) is 
different from that of the mature seed; this difference has not 
yet been explained. Pulse-chase experiments in vivo with radio- 
labelled substrates showed that 37CA is the precursor of the 
other forms of Con A (Fig. 2B). 

RNA extracted from all stages of developing cotyledons direc- 
ted protein synthesis in a reticulocyte lysate®. The peptides 
produced by cyanogen bromide (CNBr) cleavage of 37CA 
and of the immunoprecipitated in vitro form of Con A are 
similar, but both sets of peptides differ from those produced by 
cleavage of Con A (Fig. 3). This difference was explained only 
when DNA complementary (cDNA) to the messenger RNA for 
Con A was sequenced (Fig. 4A): the positions of the methionines 
are consistent with the CNBr cleavage pattern of 37CA (Fig. . 
4B). The most striking observation is that the amino ascid 


sequence derived from the cDNA has direct, not circular; 


homology with other legume lectins, thus in forming mature _ 
Con A there must be a transposition and ligation of two peptide 
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“Fig. 1 A, Representation of circular homology in amino acid sequences of various legume lectins™?. Outer circle, Con A (the bar represen 
the position of cleavage found in a proportion of the molecules of Con A). Middle circle, favin or lentil lectin (8-chain extends to the bar) 
Inner circle, soya bean agglutinin and phytohaemagglutinin. B, SDS/7-20% polyacrylamide gel" of: lane 1, total polypeptides from mature 
cotyledons; lane 2, total polypeptides from the cotyledons of an immature seed (2g); lanes 3, 4, forms of Con A purified by affinity 
chromatography from mature cotyledons and cotyledons of 2-g immature seeds, respectively. To prepare Con A, cotyledons were homogeniz 
in 25 mM MOPS, 125mM NaCI solution pH 6.8, and the lectin purified by affinity chromatography on Sephadex G-50 (fine); elution wa: 
with 100 mM a@-methyl mannoside in the homogenization buffer. In the growth conditions used, the seeds grew to a final fresh weight of +4. 
at ~60 days post-pollination before loss of weight by dehydration began. Almost all the increase in fresh weight occurred between 30 and 6 
days post-pollination. C, The N-terminal amino acid sequences of Con A from mature (a) and immature (b) seeds, Sequence analysis. was 
performed with a Rank Hilger APS 240 solid-phase sequencer or a Beckman model 890C liquid-phase (spinning cup) sequencer using standat 
programmes. For solid- phase sequencing the protein was coupled to the, N-(2-aminoethyl)-3- aminopropy! derivative (AEAP) of 7.5 ni 
controlled-pore glass’? by the carbodiimide/hydroxybenzatriazole method’. Liquid-phase sequencing used programme 030176 (a Beckma 
version of the procedure of Brauer et al.) and 0.25 M Quadrol buffer in the presence of polybrene’*. Phenylthiohydantoin (PTH) amino ad 
were identified by reverse-phase HPLC on Zorbax C,, columns. 


Fig. 2 A, Polypeptides immunologically related to Con A in the developing 
cotyledons, visualized after SDS/7-20% PAGE. Lanes 1-7, the forms found 
in 0.35, 0.6, 1:25, 2.1, 3.4, 4.3-g (all fresh weight) and mature seeds, respec- 
tively. The arrows indicate 37CA and the two forms of Con A having lectin 
activity (Fig. 1B). B, Fluorograph of a SDS-polyacrylamide gel showing a 
pulse-chase experiment involving the radiolabelling of total cotyledon poly- 
peptides from 1-g seeds incubated with *H-leucine for 2 h. Lane 1, no chase; 
lanes 2-4, chases of 2, 8 and 20h, respectively; lane 5, polypeptides stained 
with Coomassie brilliant blue. The positions of M, standards are shown to 
the right. The arrows on the left show the positions of forms and fragments 
of Con A (see lanes 2 and 3 of A). 

Methods: A, Cotyledons were homogenized in 100 mM Tris, 10% glycerol, 
2% SDS, 2% mercaptoethanol, 0.1% bromophenol blue solution pH 6.8 
(sample buffer) and incubated at 100°C for 5 min. After electrophoresis the 
gel was washed with 0.2M sodium phosphate, 0.1% SDS solution (pH 7.5) 
for 3 h with several changes before electrophoretic transfer to diazobenzoxy- 
methyl paper'®, The probe used was IgG purified from an antiserum raised 
against electrophoretically pure Con A. (from mature seeds) in a rabbit, 
followed by affinity-purified !?*I-mouse anti-rabbit IgG (200 pCi pg™'). B, 
The testa were removed from the seeds and each pair of cotyledons placed 
in | ml of 2mM glutamine in Murashige and Skoog’s’’ nutrient solution 
containing 200 wCi of [4, 5-*H]leucine (120 Ci mmol `) for 3 h. For the chase, 1 2 3 4 5 6 7 
the cotyledons were transferred to | ml of the same solution, except that the 

radiolabel was replaced with 2mM leucine. Cotyledons were homogenized 

in 75 mM Tris-HCl, 2% SDS, 10% sucrose, 0.1% bromophenol blue solution 

pH 6.8, and incubated at 100°C for 5 min. 

















A, Peptides produced by CNBr cleavage of various forms of Con. A, separated s 
_SDS-polyacrylamide gel. Lane I, intact Con A; lane 2, Con A extracted from mature cotyledons; 
e3, 37CA; lane 4, nascent Con A synthesized in vitro in the presence of canine pancreatic 
| microsomes: lane 5, nascent Con A synthesized in vitro. Lanes | and 2 were stained with Coomassie 
brilliant blue; lanes 3, 4 and 5 were fluorographed. The single major band of lane 2 corresponds 
“to two of the expected CNBr fragments (residues 42-128 and 129-237) which migrate closely 
together. The third fragment (residues 1-41) is too small to appear on this gel (Fig. 4C). The 
37CA purified by electroelution does not cleave fully (three separate attempts), which is why the 
“intact monomer appears in lane 3 in addition to fragments of M, 20,000 (20K) and 9K. The forms 
of Con A synthesized in vitro are immunoprecipitated, not electroeluted, and undergo virtually 
© complete cleavage (lanes 4, 5). Provided canine pancreatic microsomes are present during in vitro 
translation, the immunoprecipitated polypeptides cleave to produce fragments which co-migrate 
with the 20K and 9K fragments produced from 37CA, consistent with other results (to be published 
elsewhere), establishing that 37CA is glycosylated. B, Fluorograph of the forms of Con A purified. 
Lane 1, electroeluted 37CA radiolabelled in vivo; lanes 2, 3, the forms immunoprecipitated from 
in vitro translation products using total cotyledon RNA (lane 2) or total cotyledon RNA and 
canine pancreatic microsomes (lane 3) to direct synthesis. No other polypeptides were visible on 
the fluorograph. We consider that the minor components immunoprecipitated from the in vitro 
-otranslation products are artefacts of the translation system because: (1) they are reduced in the 
presence of canine pancreatic microsomes; (2) a different, single, minor component is observed 
when polysomes are used to direct synthesis; (3) only one band is observed on Northern blots 
‘of total cotyledon RNA probed with a cDNA clone of Con A mRNA; (4) Southern blots of 
nomic DNA indicate that there is only one gene for Con A (to be published). 
Methods: A, 10 mM CNBr in 70% formic acid was added to the dry polypeptides to give a 
+500-fold excess, and the mixture left at room temperature for 24h, then water (10 vol.) was 
added and the peptides recovered by lyophilization. °H-37CA was prepared from cotyledons 
radiolabelled in vivo with 7H-leucine'’ by two rounds of electroelution from preparative SDS- 
polyacrylamide gels'*. Total cotyledon RNA from immature seeds (1.5 g) was used to direct 
` polypeptide synthesis in vitro. Total RNA was prepared by a modification of the method of 
H.R. B. Pelham (unpublished). Cotyledons were removed from seeds and ground to a fine powder 
- under liquid nitrogen. The nitrogen was allowed to evaporate and the powder added to 20 vol. B 
of 50 mM Tris, 150 mM NaCl, 10 mM EDTA, 1% SDS solution pH 7.8 (NETS)/phenol (saturated 
with NETS) |: 1, at 80°C. After vigorous shaking, the mixture was kept at 80°C for 5 min, then 
cooled to room temperature. The phases were separated after centrifugation and the aqueous 
phase re-extracted once with an equal volume of NETS-saturated phenol/chloroform reagent 
.(chloroform/isoamyl alcohol 24:1), 1:1, then once with an equal volume of chloroform reagent. 
Nucleic acids were precipitated by incubating overnight at ~20 °C with 2.5 vol. cold ethanol. After 
centrifugation, the precipitate was redissolved in a small volume of 10mM Tris, I mM EDTA 
solution pH 8 (TE); 3 vol. 4M LiCl solution were added and the precipitate allowed to form for 
4h on ice. After recovery by centrifugation, this precipitate was redissolved and ethanol-precipi- 
ated again. The final precipitate (total RNA) was dissolved in water and stored at —70 °C. Total 
‘RNA (50 pg) was used in 100 pl of reticulocyte lysate® containing 2 pCi we 3H-leucine. The 
‘mixture was incubated at 30°C for 90 min. Canine pancreatic microsomes'’, where used, were 
included at 1 pl per 10 pl of lysate. The nascent form of Con A was immunoprecipitated by 
standard methods”. Unlabelled Con A was used as a carrier during CNBr cleavage of the three 
radiolabelled forms. Lane 2 shows the pattern of cleavage fragments from this carrier. 










































































produced from precursor polypeptides like 37CA. The ligation 
to.form mature Con A occurs between residues 118 and 119, 
and because this link appeared to sequence normally on Edman 
degradation’, it seems to be a peptide bond. The two fragments 
found in mature Con A (Fig. 1) have been shown to correspond 


Typically for legume storage proteins, the signal sequence is 
rich in sulphur-containing amino acids compared with the 
remainder of the molecule’. There is also a small C-terminal 
extension, as found in other legume seed storage proteins’, The 
function of the last two features remains unclear. 


‘to: two halves of Con A, residues 1-119 and 119-237 (ref. 4); 
these may well be unligated as opposed to proteolytically pro- 
luced from mature Con A. The RNA sequence coding for the 
4-residue N-terminal extension found in Con A from immature 
‘seeds lies within a sequence coding for 15 amino acid residues 
in the middle of the nascent polypeptide; none of this amino 
-acid sequence has been found in mature Con A. The initiation 
codon is positioned to give a 29-amino acid signal sequence; a 
signal sequence of the same size has been found and partially 
sequenced in favin synthesized in vitro (favin is the lectin extrac- 
ted from Vicia faba)’. There is some sequence homology between 
the two signal sequences. 

All the points at which cleavage must occur to produce the 
mature Con A molecule (excluding the removal of the signal 
quence) have an Asn residue to the N-terminal side of the 
point of cleavage, a guide to the specificity of the modifying 
nzyme(s). 

-The widely found sequence AAUAAA, indicating a poly- 
adenylation site, is not found at the 3’ end of the transcribed 
message, although a similar sequence, (U)AUAAA, is. 


















The precursor of Con A shows direct amino acid sequence 
homology with other legume lectins. The transposition and 
ligation occur around a position corresponding to known frag- 
ments. This processing could apparently occur without the need 
for a large change in the three-dimensional structure of Con A’. 
We believe that the sequence presented here does not represent 
DNA complementary to the mRNA for a precursor to a polypep- 
tide closely related (+95% amino acid homology) to Con A; 
this would be inconsistent with the kinetics of polypeptide 
labelling in vive, and there is only one gene detectable at 85% 
stringency on genomic Southern blots (to be published else- 
where). Rearrangements within the genome are not necessary 
to explain the circular amino acid sequence homology observed 
in legume lectins, although a polypeptide ligase is required. One 
of the most puzzling features is the function of the ligation, as 
the fragmented monomer appears to have the same lectin activity 
as the intact monomer. 
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Fig. 4 A, Nucleotide sequence of the cDNA insert in pCE2D11 (see below 
the same sense as the mRNA and the derived amino acid sequence. The numbe 
below each line correspond to the number of the base in the cDNA; those above 
the line indicate the number of the amino acid in the published sequence of € 
A? (the differences from that sequence are shown. also). The signal sequence 
indicated by the thick solid line, the amino acids corresponding to residues l- 
in Con A by the thin solid line, and those corresponding to residues 119-237 by 
the broken line. B, Positions of methionines (M) ina, nascent in vitro, C 
including the signal sequence; and b, the mature molecule. The positions of residues 
1 and 118 from mature Con.A are shown in both molecules 
Methods: A, Polyadenylated RNA was purified from total RNA using oligo(dT 
cellulose?'. Double-stranded cDNA was made by standard methods”*”’, After 
treatment with S, nuclease, the cDNA was phenol-extracted and size-fractionat 
on a 0.6.x 32 em column of Biogel AlS M. The cDNA was repaired in a reacti 
containing 50 ng cDNA, 100 ng Smal-cut pUC8 and 2 U of Klenow fragment o 
DNA polymerase I in 5 yl of a solution comprising 50 mM Tris pH7.5, 10mM 
MgCl, dithiothreitol and 25 pM“ each of dATP, dTTP, dGTP and dCTP. Afte 
15 min at room temperature, this mixture was diluted to 30 wl with 2 U T4 DNA 
ligase (Amersham) in 25 pl of the recommended buffer. After: overnight ligation 
at 15°C, the resultant plasmids were used to transform Escherichia coli M101. 
Screening was performed by colony hybridization” using single-stranded DN 
complementary to the original poly(A)" RNA. Strongly hybridizing coloni 
grouped into homologous sets by colony hybridization using purified cDNA nse 
as probes; each set was identified by performing hybrid release translati a 
one member. Two clones coding for Con A were sequenced: pCE2B7 (7: 
pairs, bp) and pCE2DI1 (1,030 bp); they gave the same sequence over 
homologous region. The data shown represent. the sequence of the longer in 
Five other cDNA clones gave restriction endonuclease. patterns consistent wi 
this sequence. No EcoRI or BamHI sites were present in the cDNA of pCE2 
M13 subclones were prepared by digesting 20g of EcoRI- or BamHI-cu 
pCE2D11 with 2U of Bal3! (New England Biolabs) in 100 pl of the suggest 
buffer at 30°C. Aliquots (10 ul) were taken at 0, 3, 5, 7, 9, 11 and 13min an 
added: immediately to phenol. After phenol and chloroform extractions and ethanol 
precipitation, the pooled, shortened inserts were separated from the vector by 
digestion with EcoRI if the initial cut had been with BamHI or vice versa. The 
reaction mixture was phenol-extracted and the DNA recovered by ethanol precipi 
tation. Depending on the nature of the final restriction enzyme digestion, the DN 
was ligated into EcoRI- and Smal-digested M13mp8 or BamHi- and: Smal 
digested Mi3mp9. The resultant subclones were sequenced by the dideox 
method?*:?6, 
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b enomic RNA in vitro by internal 
nitiation on (—)-sense genomic RNA 
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he genomes of many (+)-stranded RNA viruses, including plant 
‘Viruses and alphaviruses, consist of polycistronic RNAs whose 
internal genes are expressed via subgenomic messenger RNAs. 
The mechanism(s) by which these subgenomic mRNAs arise are 
poorly understood. Based on indirect evidence, three models have 
been proposed: (1) internal initiation by the replicase on the 
strand of genomic RNA'’, (2) premature termination during 
)-strand synthesis, followed by independent replication of the 
bgenomic RNA? and (3) processing by nuclease cleavage of 
ome-length RNA‘, Using an RNA-dependent RNA polymerase 
(replicase) preparation from barley leaves infected with brome 
mosaic virus (BMV)*” to synthesize the viral subgenomic RNA 
vitro, we now provide evidence that subgenomic RNA arises by 
internal initiation on the (--)}-strand of genomic RNA. We believe 
that this also represents the first in vitro demonstration of a 
replicase from a eukaryotic (+)-stranded RNA virus capable of 
iating synthesis of (+)-sense RNA. 
Subgenomic RNA4 of BMV serves as the coat protein mRNA®. 
entire sequence is present at the 3’ end of dicistronic genomic 
A3, from which it is generated”. Minus-stranded copies of 
th of these RNAs can be synthesized by the template-depen- 
ent BMV RNA-specific replicase extract”. However, because 
the difficulty in obtaining (—)-stranded RNA from infected 
tissue, the ability of this replicase to synthesize (+)-stranded 
NA from (—)-stranded template has not been studied. By using 
‘in vitro transcription system described recently for the syn- 
esis of active (+)-sense templates from cloned cDNA'’, we 
e now generated (—)-sense BMV RNAs. Two transcriptional 
asmids containing (~)-BMV RNA3 sequences were construc- 
d (Fig. 1). One (pSP5FL3) contained the whole sequence, the 
er (pSP4HES) lacked 200 bases at the 5’ end. The transcribed 
gions of both clones also contained short heterologous vector 
quences at both ends. RNAs with various 3’ ends were pro- 
ed by run-off transcription from plasmids linearized at 
Unique restriction sites (Fig. 1). 
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ig. I Transcriptional plasmids used for syn- 
‘thesis of (~)-BMV RNA3. A full-length com- 





A Ep: -prepa 

(- i stranded RNAs as templates with comparable activity ty (Fig. 
2). Whereas virion RNAs 3 and 4 gave rise only to full-length ` 
products (Fig. 2, lanes 1-4), the predominant product from 
(-)RNA3 was the size of subgenomic RNA4. The products 
obtained when the BamHI and EcoRI transcripts served as 
templates (Fig. 2, lanes 5-8) were consistent with the occurrence 
of internal initiation at the 3’ end of the (—)RNA4 sequence 
(expected sizes 904 and 682 bases respectively). The same prod- 
ucts predominated when (—)RNA3 transcripts lacking major 
segments 3’ to the RNAG4 region served as templates (Clal and 
Agill transcripts; Fig. 2, lanes 9-12). Thus, it appears that the 
recognition region for internal initiation by BMV replicase on 
(—)RNA3 does not extend far beyond the (—) RNA4 sequence, 
as the BglII transcript extends only 20 bases into this region. 
The lack of RNA4-sized product from the (+)-sense RNA3 
template precluded the possibility that subgenomic RNA arises 
by premature termination. The absence of significant levels of 
full-length product from (~)RNA3 may be due to the presence 
of heterologous bases interfering with normal recognition of the 
3‘ end by the replicase. However, the small amount of full-length 
product that was synthesized even in the absence of the native 
3’ end (for example, from the Cla] and BglII transcripts) may 
be caused by sliding of the polymerase from the internal RNA4 
initiation site to the 3’ end of the template before initiation. 
Nonspecific end-to-end copying of RNAs is uncharacteristic of 
this replicase extract, which has been shown to be highly dis- 
criminatory against a wide range of RNAs?” 

Typical products synthesized by BMV replicase from virion 
RNAs are double-stranded ribonuclease-resistant structures*” 
Products synthesized from (—)RNA templates were also ribonu- 
clease resistant (Fig. 3, lanes 1-4), suggesting that (+)-stranded 
RNA was made. Hybridization of replicase products to strand- 
specific M13 clones of BMV sequences produced more definitive 
evidence for this. Following removal of the large excess of 
unused template RNA by treatment with RNase, single-stranded 
DNA containing nearly full-length RNA4 sequences in the (—)- 
or (+)-sense orientations (M13 clones S2T1 and S2, respec- 
tively)'' was hybridized to denatured replicase products. 
Hybrids resistant to S, nuclease were analysed electrophoreti- 
cally. All the label incorporated into the product from the 
(—)-sense (EcoRI) transcript was protected from nuclease diges- 
tion by hybridization to S2T1, but not by hybridization to S2 
(Fig. 3, lanes 6, 7), indicating that only (+)-sense RNA4 was 
synthesized. In contrast, the product from (+)RNA4 was shown 
to be (—)-sense by hybridization to S2 (Fig. 3, lanes 8, 9). The 
protected fragment of the replicase product from the (—)- 
stranded template was the same size as, but in the opposite 





plementary DNA clone of BMV. RNA3? was sub- es 















tloned into the transcriptional vector pSP65 (ref. 
19). using Smal and EcoRI sites present outside | 


lasmid (pSPSFL3), after linearization with 
BamHI, produced RNA containing the entire 
+)-BMV RNA3 sequence, with stretches of 28 EcoRI 





the BMV sequence. Transcription of the resultant EEEE 
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EDNA cloning) at the 5’ and 3’ ends, respectively. 
Asecond transcriptional plasmid (pSP4HES5) was | 
“enstructed by subcloning an EcoRI- HindiH 
segment of the full-length cDNA into the vector | 
pSPó4. Transcription of this plasmid after l 
linearization with EcoRI produced (~)RNA3 


is products. 
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eking 200 bases at the 5’ end, and containing 6-and 20 ECM bases at the 5’ and 3’ ends, respectively. The figure shows the transcribed 
‘Fegions of these plasmids (open bar) and the unique restriction sites at whch they were linearized before run-off transcription to yield the 

ansctipts indicated (bold lines beneath plasmids), The boundary of the (—)RNA3 sequence is shown. Arrows indicate the direction of 
polymerization by the replicase and expected internal initiation site at the 3’ end of the (—)RNA4 sequence. The expected sizes of the products 
internal initiation, including vector sequences at the 5’ ends, are indicated below the transcripts. For brevity, each transcript is referred to 
he text by the restriction site at which the plasmid was linearized; only these RNAs are called transcripts. Replicase products are referred 











Fig. 2 Products of BMV replicase using (—)RNA3 transcripts as 
templates. Viral RNAs and transcripts were *?P-labelled as markers 
(odd-numbered lanes), but were unlabelled or *H-labelled when 
used as templates for synthesis of °P-labelled products of replicase 
(even-numbered lanes). RNAs were analysed by electrophoresis 
on 4% polyacrylamide, 7.7 M urea denaturing gels” followed by 
autoradiography: BMV RNA3 (lane 1) and product (lane 2), BMV 
RNA4 (lane 3) and product (lane 4), BamHI transcript (lane 5) 
and product (lane 6), EcoRI transcript (lane 7) and product (lane 
8), Clal transcript (lane 9) and product (lane 10), BglII transcript 
(lane 11) and product (lane 12). 

Methods: Transcripts were prepared from transcriptional plasmids 
linearized by digestion with the indicated restriction enzyme (Fig. 
1), using SP6 RNA polymerase (Promega-Biotec), as described 
previously’, except that incubations were at 40°C for 2-3h. 
Marker transcripts were labelled with [a->*PJUTP, and transcripts 
used as replicase templates were labelled with °H-UTP and pro- 
duced in 100-1 reactions containing 10 pg plasmid DNA and 20 U 
SP6 RNA polymerase. Following extraction with phenol- 
chloroform, two cycles of ethanol precipitation with 2.5M 
ammonium acetate were used to remove unreacted NTPs. Because 
the presence of plasmid DNA did not affect results, transcripts 
were not treated with DNase (except in Fig. 4). 7H-labelled tran- 
scripts were analysed by electrophoresis and fluorography before 
use as templates (data not shown). BMV replicase reactions (50 pl 
final volume) containing 30 pl micrococcal nuclease-treated rep- 
licase’, 5 yM [a-**PJUTP (92 Ci mmol™'), 1-2 pg 2H-labelled tran- 
script or unlabelled viral RNA template, 50 mM Tris pH 8.0 and 
10mM Mg-acetate’ were incubated at 30°C for 30 min and the 
reaction was terminated by phenol-chloroform extraction. Virion 
RNAs used as markers were labelled with **P-pCp and RNA 

ligase?! 


orientation to, the protected fragment of the transcript itself 
(Fig. 3, lanes 10, 11). This confirms that the replicase product 
contained the complete, contiguous RNA4 sequence com- 
plementary to that present on the template. i 

To establish that the RNA4-sized products were arising by 
internal initiation, products were synthesized in the presence of 
each [y-**P]-labelled nucleoside triphosphate (NTP). A oe 
identical in size to that synthesized in the presence of [a-**PJUTP 
was observed when [y-°’P]GTP was the labelled substrate (Fig. 
4). No products were visible when other [ y-°°P]NTPs were used, 
confirming that internal initiation was occurring and that G was 
the first nucleotide of the RNA4-sized product, as expected from 
the known sequence”. The low level of radioactivity incorpor- 
ated into this end-labelled product prevented sequencing. We 
have also shown that BMV replicase initiates (—)-strand syn- 
thesis on virion RNA with a G (J. J. Bujarski, W.A.M., T.W.D. 
and T.C.H., manuscript in preparation). 















































Fig.3  Strandedness of replicase products. Hybridization of prod- 
ucts to strand-specific M13 clones to demonstrate complementary 
strand synthesis by | the replicase. The lanes show denaturing gel. 
electrophoresis of **P-labelled replicase products from H- EcoRI. 
transcript (1) and RNA4 (2), the same products after RNase 
treatment (3 and 4, respectively), *P.labelled EcoRI transcri 
(5), S, nuclease-treated products of replicase, using >H-EcoRI 
transcript as template, after hybridization to $2 (6) or S2T1 (7), 
S, nuclease-treated products, using RNA4 as template, after 
hybridization to $2 (8) or S2T1 (9), S, nuclease-treated **P-EcoRI 
transcript after hybridization to S2 (10) or S2T1 (11). i 
Methods: Single-stranded cDNA clones, containing all but 12 bases 
at the 5’ end of the (+)-strand of the BMV RNA4 sequence were 
constructed in the (+) (S2) and (—) (S2T1) orientations in phages 
M1I3mp9 and M13mp8, respectively''. Products of replicase. using 
5 ug of RNA4 or *H-EcoRI transcript as templates were synthe- 
sized and purified as in Fig. 2, but labelled at a higher specific. 
activity (180 Ci mmol™', 10 pM [a-**PJUTP). The products were 
treated with a mixture ‘of ribonucleases A and TI in high salt; 
followed by proteinase K digestion®. After phenol-chloroform 
extraction and ethanol precipitation with 2 pg transfer RNA as 
carrier, each reaction product, as well as a sample of **P-EcoRI > 
transcript, was divided into two tubes containing 7.5 wg of S2 or 
S2T1 DNA. These mixtures were then boiled for 2 min, cooled on 
ice, adjusted to a final volume of 20 pl containing 50 mM PIPES 
pH 6.4, 0.3 M NaCl and hybridized at 50°C for 45 min'’. To this 
mixture was added 1/10 volume of 0.5 M sodium acetate pH 4.0, 
0.5 M NaCl, 60 mM ZnCl, and 10 units of S, nuclease (Pharmacia 
P-L). After incubation (37 °C, 20 min), the reaction was stopped 
with | yl 200mM EDTA, phenol-chloroform extracted and 
ethanol precipitated in the presence of 2 pg tRNA. One-third. of 
each final sample of RNA-DNA hybrid was analysed on a 4% 
polyacrylamide, 7.7 M urea denaturing gel. 


These experiments show unequivocally that an enzyme ‘pr 
paration from BMV-infected barley leaves is able to utilize bo 
(+)- and (—)-stranded BMV RNAs and that the subgenomic 
RNAG4 is generated by internal initiation from (~)RNA3. Th 
question of independent replication of RNA4 was not examine 
but in vivo studies have indicated that BMV RNA4 present in 
the inoculum remains unexpressed and thus presumably unrepli- 
cated®. This suggests that (—)RNA4 lacks a replicase recognitiot 
signal at its 3’ end, a possibility being tested. Computer-gene 
ated secondary structures'? (not shown) indicate that a stal 
hairpin, with the RNA4 initiation site located at the start of th 
loop, can form when as few as 20 bases of (—)RNA3 outside 
the (~)RNA4 sequence are present (BglII transcript). No such | 
structure can form at the 3’ end of (—)-BMV RNA4, which is 
unusually devoid of secondary structure. We propose that this 
hairpin stem is part of the recognition signal for initiation. of 
subgenomic RNA synthesis. As this structure bears no obvious 





































| Fig. 4 Incorporation of [y-??P]GTP to demonstrate initiation of 
RNAG4 synthesis by replicase. Denaturing gel electrophoresis of 
replicase products synthesized using *H-EcoRI transcript as tem- 
plate. Product was synthesized using [a-**P]UTP as substrate (lane 
1), marker **P-labelled EcoRI transcript (lane 2), replicase prod- 
ucts synthesized using [y- P]ATP (lane 3), [y-°?P]CTP (lane 4), 
[y-?PIGTP (lane 5) and [ y->*P]JUTP (lane 6) as labelled substrates. 
Methods: NTPs labelled at their y-phosphates were prepared and 
analysed using a Gamma Prep kit from Promega Biotec. Replicase 
actions (50 yl) contained 30 yl BMV replicase, 200-400 pCi of 
one of the four [ y- P]NTPs, 0.67 mM of each of the three unla- 
belled NTPs, and 2.3 ug DNase-treated “H-EcoRI transcript (Fig. 
2): After 5 min at 30 °C, reactions were chased for 15 min with the 
unlabelled form of the *?P-labelled NTP (final concentration 
.4mM). Electrophoresis was through a 4% polyacrylamide, 7.7 M 
urea denaturing gel. 


milarity to that recognized specifically by BMV replicase at 
3’ end of the (+)RNAs'', it is possible that different func- 
tional proteins present in the membrane-bound enzyme prepar- 
ation are responsible for the activities observed. The involvement 
‘different viral proteins in the synthesis of genomic and sub- 
nomic RNAs of plant viruses'*’* and alphaviruses’® has been 
demonstrated from mutant studies. The homologies detected 
cently between the non-structural proteins of the alphaviruses 
and several plant viruses, including BMV'”'*, suggest that these 
viruses have similar replication mechanisms, including the mode 
of subgenomic RNA generation. 

We thank P. Kaesberg for providing laboratory space, P. 
Ahlquist for the BMV cDNA clones and C. Harkin and J. 
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Platelets circulating in the human blood stream are smooth disk- 
shaped structures. The disks change within seconds of exposure 
to ADP or thrombin to irregular spheres bearing filopodia and 
pseudopodia. It is well-established that platelets also change shape 
(although more slowly) when chilled to 5°C'* and revert to disks 
on rewarming'”. This cold-induced shape change may be due to 
the depolymerization of the submembranous microtubule ring. 
However, we found that chilling in the presence of Taxol, which 
stabilizes the microtubules, still results in shape change. Chilled 
platelets show an increase in the amount of myosin in the Triton-X 
insoluble residue or ‘cytoskeleton’? which is correlated in time 
both with phosphorylation of the myosin regulatory light chain 
and with the induced shape change. We suggest here that the slow 
cold-induced change from disks to spheres is due primarily to a 
gradual activation of myosin. 

The amount of myosin heavy chain in the platelet cytoskeleton 
increases 8-13 times above control levels after 60 minutes in. 
the cold (Fig. 1). On rewarming to 37°C, myosin dissociates 
from the cytoskeleton. As electron microscopy demonstrates the 
disappearance of the microtubule ring and an increase in the 
number of visible microfilaments in chilled platelets’, myosin 
solubility may be altered by a change in state of actin or 
tubulin'®'', However, addition of rabbit muscle F-actin at 0.1- 





Fig. 1 SDS gel electrophoresis showing myosin heavy chain in 
the cytoskeleton as a function of time of chilling of platelets. 
Platelets were filtered at 37 °C from platelet rich plasma through 
a column of Sepharose 2B equilibrated and eluted with 0.1 M KCI, 
10 mM imidazole, 10 mM EGTA pH 6.8 and divided into aliquots. 
These were kept for one h at 37 °C (lane 3, C) or in ice at 2°C for 
15, 30, 45 and 60 min (lanes 4-7) or in ice for 60 min followed by 
37°C for another 60 min (lane 8, R). The platelets were then lysed 
by adding 0.10 vol 10% Triton-X 100 and 0:01 vol 100:m™M phenyl- 
methylsulphonyl fluoride. The lysate was immediately put on ice 
for 10min and centrifuged at 1,400g for 10 min. The insoluble 
fractions, the ‘cytoskeletons’, were then washed twice with 5ml 
vols of the above buffer, ice cold. These precipitates were taken 
up into 40 ul of 2 x Laemmli buffer and were electrophoresed on 
a 7.5% SDS gel using the same method’. Lane 1, actin standard; 
lane 2, myosin standard; arrow, position of the myosin heavy-chain 
band. Note that by 30 min there is a detectable increase in the 
amount of myosin in the cytoskeletons, and by I h the increase is 
marked. After an hour of rewarming, the myosin band has 
decreased again, almost to the original low level. The remaining 
components of the cytoskeleton appear constant as a function of 
time of chilling. 
















< O0.Smg ml” to suspensions of resting platelets immediately 
“. before lysis did not cause myosin heavy chain to complex with 
the cytoskeletons although there was an increase in the amount 
of precipitated actin. Conversely, addition of colchicine to plate- 
lets in the cold before rewarming did not inhibit the return of 
myosin to the supernatant fraction. ° 
We therefore sought a change in state of the myosin. Chilling 
radiolabelled platelets induces phosphorylation of a band on 
SDS gels with the mobility of myosin light chain (Fig. 2, lanes 
4). *2P is present also in the light chain of myosin when the 
molecule is extracted subsequently from the cytoskeletons with 
ATP and pyrophosphate (Fig. 2, lanes 5-8). 

Densitometry of myosin light chain phosphorylation in whole 

platelet lysates and in cytoskeletons demonstrates that phos- 
phorylation of light chains increases with time to 9-15 times 
Above control levels after 60 minutes in the cold, in agreement 
with the heavy chain results (Table 1). Phosphorylation is 
reversed by warming for one hour, as with heavy chain precipi- 
tation. 

Part of the signal for platelet and megakaryocyte activation 
may involve increased permeability to sodium'*"'*. Furthermore, 
platelet: shape change can be produced by monovalent 
ionophores'’. We therefore ask whether cold-induced myosin 
_. phosphorylation requires external sodium, and demonstrate 

conclusively that there is no inhibition of the light chain phos- 
phorylation when sodium is removed (Fig. 3). Densitometric 
comparisons show that phosphorylation due to cold or to throm- 
bin is not decreased by sodium removal. The level of phosphory- 
lation after chilling is 30-50% of that caused by 0.1 U m7! 
thrombin. By comparison with published values“? for thrombin, 
- 27-45% of the myosin is phosphorylated by exposing platelets 
=., to cold for one hour. 

Because myosin light chain kinase is a calcium- and cal- 
modulin-dependent enzyme'””°, we examined the effects of 
inhibitors of such enzymes on cold-induced phosphorylation. 

iu We found variable inhibitions of up to 50% of the coprecipita- 

_ tion of the heavy chain and up to 40% of light chain phosphory- 
_ lation. However, high doses were needed (60mM) and the 
inhibition was not as reliable nor as complete as with thrombin- 
induced phosphorylation in parallel experiments and as reported 
in the literature®. 

The correlation of myosin light chain phosphorylation with 
myosin in the cytoskeleton is unlikely to be caused by the 
precipitation of myosin alone, as the centrifugal forces in the 
experiments (1,400g for 10 minutes or 12,000g for 2 minutes) 
are not high enough. Myosin associated with actin filaments is 
likely to be precipitated more efficiently due to increased interac- 
tion of myosin molecules with each other. This could be caused 
by changes in configuration of the myosin molecule after phos- 
phorylation?” resulting in enhanced filament formation’. 
Increased association with actin could also occur as postulated 
for similar thrombin-induced changes‘. 

It is surprising that phosphorylation is induced by cold, which 
is often used to stop reactions, and we next questioned whether 
this phenomenon is related to cold-induced shape change. It 















Table 1 Relative phosphorylation of myosin light chain in whole platelet lysates and cytoskeletal fraction of platelets incubated at 37 and 4 





calcium, whereas shape change did not, suggesting that thes 








has been reported that myosin light chain phosphorylation see 
after chilling platelets for 10 min in the cold required extern 













responses were uncoupled. Our experiments are carried out 
10mM EGTA, so that the light chain phosphorylation cann 



































Fig. 2 Lanes 1-4, phosphorylation of the proteins in cyto 
skeletons; lanes 5-8, phosphorylation in the supernatant. after’ 
ATP/pyrophosphate extraction of the cytoskeletons. 
Methods: A concentrated suspension of resting platelets was collec- 
ted from platelet rich plasma by centrifugation onto a step gradient 
of 40% bovine serum albumin in a buffer of 140 mM NaCl, 4.4mM 
KCI, 10 mM EGTA, 10 mM imidazole, pH 7.0 (buffer A) and AS 
incubated with 1 mCi mi~! [?*P] (NEN) at 37°C for 1h; The 
platelets were then gel filtered in buffer A as Fig. 1 and kept’ 
37°C (lanes 1-2 and 6-7) or put in ice for 1 h (lanes 3-4 and7- 
An aliquot of platelets was lysed as above and after 10 min in i 
the cytoskeletons were spun down in an Eppendorf microf; 
washed twice in the same way and dissolved in Laemmli bu 
(lanes 1-4); the remaining part of the suspension was lysed, pre 
tated and washed in the same way but the precipitate was. the 
extracted with a buffer containing 2mM ATP, | mM pyropho: 
phate, 4mM MgCl, 5mM dithiothreitol and the supernatant 
dissolved in 5 ul 4 x Laemmli buffer. All samples contained 25 mM 
sodium fluoride added directly after lysis and again to each of the 
two wash solutions used for the cytoskeletons. Lanes 2, 4, 6 and: 
8 were samples to which EDTA was also added at the time of lysis 
to give 10mM final concentration. Electrophoresis was on 13%’. 
gels. Note that a band with the mobility of myosin light chain, as © 
determined by a standard on the Coomassie blue stained gel (LC 
in lane 5) is phosphorylated strongly by the cold treatment in the 
cytoskeletal samples (lanes 3 and 4). Phosphorylated myosin light. 
chain is present in the supernatants from these samples after the: 
ATP/pyrophosphate extraction (lanes 7 and 8). The addition of 
EDTA at the time of lysis and in the wash steps resulted in the 
appearance of phosphorylation in the position of myosin heavy 
chain (arrow, lane 8). The 37° extract contains no phosphorylated 
light chain but does contain a phosphorylated band at the position 
of actin binding protein with a mobility less than that of myosin 
as previously observed’. : 





Expt I 
Autoradiography of whole 
platelet lysates 

Area % of 


Condition maximum 


(arbitrary units) (arbitrary units) maximum (arbitrary units) 
37°C 60 min 3.0 28 0.7 il 0.3 
4°C 20 min 9.2 87 4.0 66 3.2 
4°C 40min 9.1 86 3.8 62 4.3 
4°C 60min 10.6 100 6.1 100 5.2 
4°C 60 min+37°C 60 min 6.0 57 0.9 i5 0.4 


Densities in the whole platelet lysates reflect less closely the single contribution of myosin light chain because of other phosphorylated products 
overlapping the light chain region. Note the 9-fold increase in myosin light chain region density of cytoskeletons after 60 min at 4°C. Measurements 
-= were made in duplicate with a Canalco Model K densitometer and areas determined with a Numonics 1,250 planimeter. 5 










Expt I Expt 2 
Autoradiography of Autoradiography of 
cytoskeletons cytoskeletons 
Area % of Area % of” 



































































© Fig. 3. Phosphorylation of the myosin light chain is unaffected 
by replacement of sodium chloride with choline chloride and 
“> sodium channel blockers. Platelets were preincubated with labelled 

i- phosphate as Fig. 2 and then gel filtered either in buffer A, or in 
buffer A with the sodium chloride replaced with choline chloride 
plus 1mM amiloride. To the experimental samples, 24M 
tetrodotoxin was added also for 10 min before adding thrombin 
or placing the platelets at 5 °C for 1 h. Left panel, lanes 1-3, whole 
platelet lysates from resting, thrombin treated (0.1 U ml~') and 
60 min chilling; lanes 4-6, the same treatments but with sodium 
replaced by choline and with the addition of amiloride and 
tetrodotoxin as above. Right panel, cytoskeletons from the same 
experiment. Arrows, the positions of myosin light chain and a 
relative molecular mass M, 36,000 protein of unknown properties 
which appears in the cytoskeleton after chilling but not after 
thrombin treatment. Both thrombin and cold cause increased phos- 
phorylation of a band with mobility of myosin light chain, and 
-also of a M, 47,000 band which is present in the supernatants but 
not in the cytoskeletons. Densitometry of this and similar gels was 
ed to derive an estimate of the extent of phosphorylation in cold 
compared with thrombin phosphorylation. 


eto external calcium. To examine shape change, we scored 
than 100 gel-filtered platelets fixed in 2% formal- 
e/2% glutaraldehyde at several time-points after chilling. 
use of thick layers of fluid allowed us to see each scored 
latelet on edge. We distinguished four states: disks without 
lopodia, disks with filopodia, irregular or distorted disks and 
ully altered platelets (irregular spheres). Our results show that 
at 37°C platelets are 99% discoid, but 70% of them have one 
or. two filopodia. Chilled platelets become progressively more 
distorted from the disk shape until they are fully altered. After 
0 minutes, 81% are distorted and 17% fully shape changed 
and after 60 minutes 81% are fully altered and 16% distorted. 
Many distorted disks but no spheres are present after 10 
‘minutes of chilling. These disks can be considered fully altered 
not compared carefully with later stages. Thus, the degree of 
phosphorylation (Table 1) in our experiments parallels quite 
well the degree of shape change from disk to fully altered sphere. 
The protrusion of filopodia, however, does not appear to depend 
on. myosin phosphorylation as suggested by previous work on 
the in vitro formation of actin bundles without myosin’. As 
shape change has been thought to depend on microtubule break- 
down, we also tested the effects of adding Taxol to gel filtered 
platelets at 304M for 10 minutes before chilling for 1 hour. 
This treatment preserved the microtubule ring as shown in 
electron micrographs (taken by Dr Fern Tablin), but did not 
"prevent the appearance of irregular spheres by phase or electron 
microscopy. This retention of cold-induced shape change is in 
agreement with previous results where Taxol pretreatment 
seemed to allow some (incomplete) shape change“. Differences 
‘in rates of cooling may explain this discrepancy; there may be 
a stabilizing effect of the microtubule coil at earlier time points 
during the change from disks to distorted disks. 

- Reversible light chain phosphorylation also occurs at room 
temperature using the platelet activator arachidonic acid fol- 
lowed by prostacyclin, which increases cyclic AMP levels”. The 
resence or absence of myosin in the cytoskeletons was corre- 
lated with light chain phosphorylation, platelet aggregation and, 
to a considerable extent, platelet shape. The identification of 












fluoride are p ysis and wash steps (Fig. 2) 
suggests that this phosphorylation may be related also to myosin 
activation. Heavy chain phosphorylation has been reported for 
macrophages” in mammalian cells, but no physiological func- 
tion has yet been found. Daniel et al% have demonstrated that 
50-70% of the myosin light chain is phosphorylated in five 
seconds following ADP addition in parallel with shape change; 
both these parameters were inhibited in parallel by ATP. This 
effect occurs without aggregation or secretion in agreement with 
Daniel et al.'®. The correlations observed here and the lack of 
inhibition by Taxol suggest that the slow induction of shape 
change by chilling also depends on myosin phosphorylation. 

This investigation was supported by grant HL-15835 to the 
Pennsylvania Muscle Institute. We thank our volunteers for 
donating platelet samples, the Philadelphia Red Cross for 
supplying outdated platelets and P. W. Bronson and M. C. 
Glennon for assistance. 
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Formation of galaxies and large-scale 

structure with cold dark matter 

G. R. Blumenthal, S. M. Faber, J. R. Primack & M. J. Rees 
Nature 311, 517-525 (1984) 

FIGURE 3 in this review article did not include the curve marked 
‘Compton’. The correct figure is shown below. 
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Acidification of soil 
and water 


VAN .BREEMEN et al’ narrowly and 
arbitrarily define acidification of soil as 


the ‘loss of bases’ or ‘decrease in acid- 


ae neutralizing capacity’, the rate of which 
can be equated with the rate of mineral 


weathering’. However, any definition of 
=o goil acidification should 


include the 
obvious- fact ‘that it also involves the 

‘accumulation of acids’, that is, an increase 
“in ‘base-neutralizing capacity”. Although 
+" the authors.consider the base-neutralizing 
‘capacity of water, they do not do so for 
soils'. By ignoring soil acidity they con- 
‘clude that cation exchange reactions play 
no part in acidification’, whereas in fact 
they do’. 

` The, authors’ statement that enough is 
-now known to compare external and inter- 


` nal sources of acidity’ is not supported by 


-the material they present. Estimates of so- 
called hydrogen-ion budgets are highly 
data intensive and require an extraor- 
dinary amount of effort to develop*. Not 
surprisingly, critical examination of the 
references cited by the authors and used 
to. develop such budgets, as in Table 2 of 
ref. 1, shows that for many of the sites the 
data are seriously incomplete. Even in 
those cases where the data are complete 
enough to develop'a hydrogen-ion budget, 
as at Hubbard Brook, the budget is of net 
transformations that occur throughout a 
ae year. Driscoll et. al. have stated’ that 
“{hydrogen-ion budget] in no way at- 
tempts to quantify the gross hydrogen-ion 
transformations within the ecosystem” 
and “it is virtually impossible to quantify 
all of the individual, internal cycling of 
elements that occur within an ecosystem”. 
Accordingly, total proton sources and 
sinks have not been categorized, contrary 
to statements of van Breemen et al.'. Their 
data are biased towards overestimating the 
relative extent.and rate of acidification by 
acidic deposition. 

Regions of eastern North America and 
northern Europe, where there is great con- 
cern about acidification, are characterized 
by the pronounced accumulation of acid 
organic matter’. The role of organic acids 
is not simply one of cation exchange (or 
weathering), as asserted by van Breemen 
et al.', but also involves complexation and 
solubilization’. Some organic complexes 
and acids normally soluble in ‘clean’ 
environments are immobilized by the 
strong acids in rain’, This compensating 
shift in internal cycling of elements and 
acids is not accommodated by hydrogen- 

“ion budgets derived from net transforma- 
tions. 
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VAN BREEMEN ETAL. REPLY—Accumu- 
lation of organic matter does increase the 
base neutralizing capacity of soils and 
could be considered as soil acidification. 
However, changes in organic base 
neutralizing capacity (which is determined 
using strong base or a concentrated salt 
solution) are irrelevant to the proton load- 
ing of soils and waters under ambient con- 
ditions, where only a very small part of 
the organic base neutralizing capacity is 
realized by dissociation of H*. Hydrogen- 
ion budgets’? do, in fact, account for two 
major processes of H* dissociation in 
organic matter: (1) the displacement of 
H* from organic matter by atmospheri- 
cally deposited cations 


MClam + H-0rg.oi1 og 
M-OFg, 011 + HCl rainwater ( l ) 


and (2) the dissolution and deprotonation 
of organic acids followed by leaching 


H-org,oi: solution +M-soil> 
H-soil + M-OFr8grainwater (2) 


H* budgets show that net H* fluxes, due 
to organic acids, are zero (equation 1} or 
relatively small (equation 2), even in 
podzolic and peat soils*. For example, 
Hubbard Brook Experimental Forest 
stream water* is dominated by SO} 
(122.4 wequiv. 17! out of 166.5 equiv. 17! 
of total anionic charge) largely of atmos- 
pheric origin, whereas aqueous acidity 
(H* + Al®* = 35 pequiv.1”') far exceeds 
organic anions (<2 pequiv. 17'), showing 
that atmospheric inputs, not organic acids, 
cause acidification of stream water. 
Proton release, at a pH below the refer- 
ence value (for example, pH 4.5 for forest 
soils), by complexation of soil metals with 
organic matter, without drainage export, 
is ignored in our H* budget, and should 
indeed be considered as soil acidification: 


H-org..;, + M-soil > H-soil+ M-org,,, (3) 


The only important process of this kind is 
the accumulation of Al and Fe organic 
complexes in podzols. Data on Hubbard 
Brook soils°, and titration curves for H*- 
saturated organic matter from podzol-B 
horizons”, reveal that this process con- 
tributes little (0.005-0.01 kmol hectare™! 
yr') to present acidification of podzolic 
soils (1-2 kmol hectare”! yr~'). 

Total proton sources and sinks refer to 
summed net H* sources and sinks for 
various categories of processes. It is these 
net H* fluxes, and not gross H` transfor- 
mations, which define the sign and magni- 
tude of the irreversible H” flux constitut- 
ing soil acidification or soil alkalinization. 















































In conclusion, H* budgets account. 
essentially all processes relevant to so 
acidification. Concern about acidificatio 
by organic matter®? probably origina 
from the concepts of soil acidity and 
requirement. These concepts are imp: 
tant when raising the pH of an acidi 
highly organic soil for crop productio: 
but are of little significance when compat 
ing internal and external proton-source: 
in ecosystems. 
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Phonetic analysis capacity | 
and learning to read 


BRADLEY and Bryant’s' result showin 
that training children on sound classifica- 
tion and letter-sound correspondences 
improves their later reading performance 
is clearly an important one. It brings 
definite support to methods of reading 
instruction that disclose explicitly the 
principle of the alphabetic code. The 
authors might have stressed that aspect of 
their findings, rather than the effect 
obtained with the group trained solely on 
sound classification, which fell short of 
significance. 
The phrasing of the authors’ conclusió 
that the connection of reading acquisition 
to phonological awareness is a causal one 
is unfortunate, however. If ‘causal’ means 
a link that runs one way only, the implic 
tion is to deny the possibility of the inver: 
type of relation. There is evidence, in fact, 
that learning to read improves understand, 
ing of the phonological structure of. speech 
and hence ability to manipulate. it at th 
level of phonetic segments. We ha’ 
found, for example, that first grade (6-yr- 
old) children taught by a look-say method 
performed more poorly on the task. 
interverting initial and final phonemes. of | 
an utterance than children taught bya- 
phonic method’. Groups of first grade. 
children equated for age at testing time 

















































nand addition tasks when tested 5 
rather. than 2 months after begin- 
E earning to read’. In another study, 
arried out in an underdeveloped area of 
Southern European country, we have 
hown that subjects who had learned to 
‘ead at adult age performed considerably 
etter than illiterates of comparable social 
ckground on similar tasks*. This result 
as since been confirmed and extended 
‘or two fresh groups of subjects. Learning 
to read is, however, not the only answer 
o. phonetic competence, and we have 
‘ound recently that a training procedure 
‘similar to that of Bradley and Bryant’ can 
ccelerate acquisition of phonetic analysis 
n 5-yr-old pre-readers*. In our opinion, a 
ore. satisfactory formulation is that the 
ink between the ability to analyse speech 
nto phonetic segments and reading acqui- 
ion is a part-whole one; acquiring the 
complete skill implies that the component 
apacities have been acquired and acquir- 
ig independently some of the component 
capacities can facilitate acquisition of the 
whole skill. 
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3RYANT AND BRADLEY REPLY—In our 
paper we established that 4- and 5-yr-old 
hildren detect rhyme and alliteration 
efore they begin to learn to read. This 
shows that some phonological awareness 
precedes reading, which rules out the 
ossibility that all such awareness is the 
esult of learning to read. The fact that 
ur measures of this early awareness were 
elated to later success in reading and that 
raining in rhyme and alliteration 
improved reading appears to show that 
he skill has an effect on learning to read. 
ertelson and colleagues suggest that we 
ave not excluded the possibility that the 
cause-effect relationships go the opposite 
way and that the experience of learning 
read improves children’s awareness of 
the constituent sounds in words. We agree 
that we have not excluded this possibil- 
‘ity-—we did not intend to or claim to, and 
we think it likely that the causal links 
operate in this direction also. 

«There are some tests of phonological 
awareness which have proved more 
difficult than ours. One, used by Bertelson 
and his colleagues, is the elision task 
here a child has to work out what a 
rticular word would sound like if a 


“phoneme in it were removed. Children do _ 


not manage this task at all well until some 
time after they have begun to read'. The 
fact that there is such a large gap in the 
ages when children can manage our task 
and theirs suggests that the two tasks test 
different levels of phonological awareness, 
and that one level may precede and cause 
reading while the other may follow and 
be the result of learning to read. The possi- 
bility of different levels of the skill in ques- 
tion has not been raised before. We enter- 
tain the hypothesis that the basic differ- 
ence between our easy test and the difficult 
one of Bertelson is that in ours the child 
has only to be aware of part of a word’s 
sounds—the part that rhymes or that 
begins the word—while their test involves 
awareness and manipulation of all the 
word’s sounds. We intend to test this 
hypothesis. 

We thank Bertelson, Morais, Alegria 
and Content for several very lively and 
cordial conversations which ended in a 
substantial measure of agreement between 
them and us. These exchanges helped us 
to formulate our idea that some forms of 
phonological awareness precede reading 
while others follow it. 


P. E. BRYANT 
L. BRADLEY 
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Archaeomagnetism, Santorini 
volcanic eruptions and fired 
destruction levels on Crete 


IN their study of the magnetic properties 
of the Minoan pyroclastic deposits of San- 
torini and the fired destruction levels on 
Crete, Downey and Tarling' conclude that 
there was a time gap of several years or 
longer between the Plinian phase and the 
later phases of the eruption. They further 
propose that the Plinian eruption was con- 
temporaneous with the destruction levels 
in central Crete, whereas the overlying 
base surge and pyroclastic flow deposits 
were contemporaneous with the destruc- 
tion levels in eastern Crete. The geological 
and volcanological evidence, however, 
supports a single eruption with no time 
gap. I now suggest that their archeomag- 
netic data should be interpreted in other 
ways more consistent with the other 
evidence. 

The Minoan pyroclastic deposits are 
typical of those produced by many major 
explosive eruptions associated with cal- 
dera formation. An initial Plinian air-fall 
pumice deposit mantles the island and is 
covered by a complex sequence of base 
surge, pyroclastic flow and reworked vol- 
canoclastic deposits’. Similar sequences 
are known throughout the world**. Large 
historical eruptions comparable in magni- 





ude, style and geology include Vesuvius 

(AD 79), Katmai (1912), Tambora (1815) 
and Krakatoa (1883). All these eruptions 
produced a sequence of pyroclastic 
deposits, comparable with Santorini in 
periods of a few hours to a few days with 
Plinian and subsequent flow deposits 
often generated on the same day. Evidence 
indicates that large explosive eruptions 
associated with caldera formation are very 
short in duration and are not characterized 
by substantial time gaps. 

Geological observations on Santorini* 
provide convincing evidence of a single 
short eruption. The Plinian pumice 
deposit forms a continuous sheet with a 
smooth upper surface across all the islands 
of Santorini. A prominent ash band (5- 
10 cm thick) occurs ~ 20-40 cm below the 
top surface of the Plinian deposit and can 
be traced around the entire caldera wall. 
The ash band thickens towards the north 
where, in the Oia region, it can be traced 
into a base surge horizon up to I m thick. 
This ash band demonstrates that base 
surge activity began before the Plinian 
phase was completed. There is no evidence 
of any erosion of the upper surface of the 
Plinian deposit and gullies or other dis- 
conformities are not observed. Major gul- 
lies, several metres thick, were cut through 
the Mt St Helens deposits within weeks of 
the 18 May 1982 eruption. There is no 
evidence of any features attributable to 
the rapid erosion of unconsolidated pyro- 
clastic materials within the major part of 
the Minoan sequence. Channellized sheets 
of fluvial deposits are observed within the 
uppermost parts of the ignimbrites’, but 
these are stratigraphically well above the 
horizons where the differences in magnetic 
properties are recorded. The Plinian 
deposit preserved its uneroded surface, 
because it was immediately buried by base 
surge deposits. A gap of many years can- 
not be reconciled with this evidence. 

A major time gap should be obvious in 
the stratigraphy of the ash layer preserved 
in deep-sea cores’. In distal areas, east of 
Crete, the ash layer occurs as a single 
normally graded deposit. Two events, sep- 
arated by many years or more, should 
produce two normally graded layers. In 
more proximal regions, the deep-sea ash 
layer is more complicated due to slumping 
into the Cretan basin’, but is also incon- 
sistent with the time gap hypothesis. For ` 
example, the turbiditic layers are mixtures 
of ash from all the eruption phases, show- 
ing that slumping occurred after the ash 
layers had been deposited. 

The geological evidence and volcano- 
logical arguments suggest that an alterna- 
tive explanation of the magnetic data is 
required. One possibility arises from the 
emplacement temperatures deduced from 
the magnetic data. Downey and Tarling 
estimate temperatures in the range 300- 
400°C for the base surge and massive 
upper deposits in Thera quarry. The 


deposits at Thera quarry are 40m thick - J 


and would, therefore, have taken a con- z 














-ofa sheet can be estimated from the caleu- 
lations of Jaeger® on the conductive cool- 
ing of igneous rock bodies. The outer mar- 
gins of such a sheet, including the basal 
< Plinian deposit, would cool quickly and 
would acquire their magnetic properties 
over a short time period at an early stage. 
The interior of the sheet will be insulated 
and take much longer to cool, and acquire 
the magnetic properties. 

The time scale, t for conductive cooling 
is related to the thermal diffusivity, k, and 
the sheet. thickness, 2a, through a non- 
-. dimensional parameter, + by 7 = kt/a?. 

= Jaeger® gives profiles of temperature for 
> different values of 7 through a sheet. For 

~sa=20m and k=8x107m?s™, the 
centre of the sheet would remain at the 
initial emplacement temperature 
(~400 °C) for just over a year. The centre 
of such a sheet would take 80 yr to cool 
downto 125°C and the time over which 
itsi magnetic properties were acquired 
would-be much greater than the basal 
Plinian deposit lying directly on top of 
cold country rock. Cooling rates would be 
greater if convective processes (for 
example, rainfall) affected the porous 
pyroclastic sheet, but different parts of the 
‘deposit would still acquire their magnetic 
properties at substantially different cool- 
¿= ing rates. The differences in magnetism 
~ could thus be explained by a prolonged 
and complicated cooling history rather 
than by a time gap. 
: fo R. S. J. SPARKS 
| Department of Earth Sciences, 
-University of Cambridge, 
Cambridge CB2 3EQ, UK 
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DOWNEY AND TARLING REPLY—Our 

.. Fesults are an example of scientific seren- 
_ dipity, that is, the collection was under- 
taken assuming the volcanological con- 
sensus of a single eruption and the 
archaeological views of a single late 
Minoan IB (LMIB) destruction. We 
originally accepted Bond and Sparks’ con- 
clusion’ that most of the tephra were of 
mud-flow origin, now known to be an ash 
flow, and hence W.S.D. sampled the 
tephra more than was strictly necessary. 
Our object had been simply to test whether 
».these two catastrophes were synchronous 
> and hence causally related. The evidence 
for a 10-20 yr gap necessarily came after 
the fieldwork and we have no finance to 
reinvestigate the field evidence. Nonethe- 
less, we are surprised that Sparks should 

` exclude all possibility of a gap. The main 
~ evidence cited is (1) the absence of erosion 
between the two, and (2) a Plinian ash 





siderable time to cool. The cooling time — 





Table 1 Archaeointensity data 








Site and sample Refs 2, 4 Ref. 1 
H. Triada kiln, central Crete 60.64 7.3* 68.142, n=6t 
Phaistos | kiln, 37.8+6.4 67.3466, n=4 
central Crete 89.6415 
K. Zakro | kiln, 61.7£3.8, n=3[1, 2]t 
eastern Crete 
37.8+2.5, n=2[1, 2,3] 

; : 60.2+2.5, n=1 [1,2] 60.7 +2.4, n=6 
K. pa 3 tile brick, (by Thellier technique) (61.9 £5.7 for 
SAS etn erete 55.3+0.8, n=1[1,2] Makrygialos) 


(by ARM technique) 
60.143.9, n=5[1, 2] 
57.1+5.2, n=12[1, 2] nee 


K. Zakro 1+3 


* Standard error of the averaged results. 
t n, Number of samples. 


ł Numbers in brackets indicate reliability: 1, very good; 2, moderately good; 3, dubious, 
combining Thellier and ARM (anhysteric remanent magnetization) techniques as stated. 


band that is traced into a base surge 


deposit. We agree that paroxysmal erup- 
tions are of short duration, probably a few 
hours or days, but this does not exclude 
a time gap between the Plinian and later 
explosive eruptions. However, the short 
duration, combined with the magnitude of 
the eruption, implies that the paroxysmal 
blast was of high velocity so would readily 
move the light, unconsolidated Plinian 
pellets, leaving a ‘sand-blasted’ surface 
which could be difficult to distinguish 
from a pristine surface, particularly as the 
base surge probably eroded, as well as 
redeposited, earlier pumice in a way 
similar to that of Mt St Helens? (some 20 
times smaller magnitude), so local, 
redeposited Plinian ash should be expec- 
ted. We agree that the distal deep-sea 
‘Minoan’ tephra is probably Plinian’. 
Nearer to the source, paroxysmal ashes 
must overlie Plinian, but seismic activity 
probably disrupted local layering and 
enhanced slumping at greater distances. 
Sparks’ thermal model predicts that the 
magnetization would be ‘frozen’ in at 
different depths at different times. We do 
not find this. The directions are identical 
throughout the upper 60m of upper 
tephra, which also has emplacement tem- 
peratures of some 400 °C near the caldera, 
decreasing to 300°C on the flanks, Only 
a superficial few millimetres of large lava 
ejecta have been heated by contact with 
the tephra, suggesting rapid cooling— 
presumably by penecontemporaneous 
rainfall. We consider that our findings are 
consistent with the available evidence 
although further study and evaluation are 
desirable. In particular, analyses of the 
quantities of LMIB pottery at Cretan sites 
may be particularly informative. 


W. S. DOWNEY* 
D. H. TARLING 
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DOWNEY AND TARLING assert! that 
Plinian ash found in late Minoan’ (LN 
Akrotiri is contemporary with the LMI 
destruction on central Crete and that t 
ashes overlying these deposits in Akro 
are, in turn, contemporaneous with t 
LMIB destruction in eastern Crete: 
It is interesting to see the archaeomag- 
netic method applied to mud bricks a 
that such good results could be obtain 
However, there is insufficient. evidenc 
and the determination of a time ga 
between the above events has been o 
optimistically stated by Downey i 
Tarling. Hoe 

It is worth comparing the data 
Downey and Tarling’s Table 1 with oi 
intensity and directional. measuremet 
which have been made’ on fired kil 
clays from Phaistos (Ph), Hagia Triad 
(HT) and Kato Zakros (KZ) (see ou 
Table 1). The apparent difference in m 
netic intensity between HT and KZ is 
emphasized by Downey and Tarling more. 
than it ought to have been, when the. 
associated errors and techniques used in 
their case and in refs 2 and 4 are con- 
sidered (incorporating the data in their. 
Table 2). 

Regarding the intensity variations 
single measurements, the upper and lowe 
error limits of 50-68 uT for eastern Cre 
(55-63 for ref. 2) and 55-73 wT for centra 
Crete (53-68 for ref. 2) compared wi 
57-67 œT for Plinian ashfall, do not allo 
us to assess positively the two erupti 
phases of the volcano. aA 

The archaeodirectional data!‘ are com 
pared in Table 2. Although barely discern. 
ible differences are noted in inclination 
(I°) data for HT and KZ from refs 1. 
and 4 (which agree to within +1o error) 
a difference in I° and D° (declination 
observed for Phaistos, which is also not 
in the intensity data (Table 1), may. be 
explained by the use of measuring 
apparatus in situ as reported in Table 

The errors for the directional data of 
our Table 2 and Downey and Tarling 
Table 2, and the degree of variation 
between them, indicate that this time 













































Archaeodirectional data — 


Declination, D° Inclination, 1° 




























































Refs , 


3,4 — Mean 
= 58.7 +06, 
n=2 
353.8 60.1, n=17 
ags = 2.3 
3,4 15.643.3 56.8+0.1, 
n=4 
1 356.5 éli, n=17 
ag = 1.7 
3,4 — 56.6+3.3, 
n=5 
i 355.8 54.6, n=49 
Ags = L9 
Makrygialos | 354.3 57.5 


‘able 3 Differences between Sun and magnetic 
compass measurements 





Site Sun Magnetic Difference 
Phaistos 3, | 12.1 356 16.1* 
Phaistos 3, 3 4,8 348 16.8 
K: Zakros 2, 1 256.7 194 62.7 





.* Compare this with Table 2, Phaistos D° values of 
refs 3, 4 and ref. 1. 


difference is again indistinguishable. The 
directional differences for central and 
sastern Crete of AD = 1.7°, AI = 5.2°, with 
&ys =3.5° are not changes which support 
the hypothesis of Downey and Tarling. 
However, the in situ method for measuring 
inclination and declination should be 
-borne in mind. Downey and Tarling report 
‘the appropriate errors for each sample 
yhich reduced after averaging to the order 
f 1-2°. Whenever possible they used a 
‘Sun compass or, failing that, a magnetic 
compass. 

We have found that declination results 
“from samples orientated using a magnetic 
compass should be considered, in certain 
cases, as extremely dubious™*, as they are 
affected by stray magnetic fields present 
n a magnetized structure such as a kiln, 
any pithoi, burnt mud-brick walls, metal 
‘ences or an immediate volcanic environ- 
ment. (The inclination results are not 
affected by the errors in present magnetic 
orientations, but could have been affected 
f the original cooling were in a high mag- 
netic environment.) A comparison of D° 
` values using Sun and magnetic compasses 
respectively showed differences in the 
degrees (see Table 3). The Sun compass 
provides more accurate results. 

Other possible effects that might alter 
the reliability of measurements of D° and 
-I° include earthquake activity in the 
-Aegean seismic arc, which produces tilting 
with possible local subsidence; thus the 
tectonic instability of the Knossos region 
in central Crete with respect to eastern 
Crete has been well documented*. Such 
land movements® must also have an effect 
on the supposed stable burnt structures 
and ash materials. 

“Moreover, the repeated and pronoun- 
ced volcanic (and seismic) activity of the 
land in. ~197 Bc and AD 1950 could have 
produced discernible shift effects in the 


possibility of a marked degree of reheating 
of the base surge and upper tephra 
deposits in Santorini through these 
repeated violent explosions’ should be 
examined. 

Referring to the secular variation of the 
geomagnetic field for this period, other 
workers®'? suggest that around 1500- 
1100 BC, a change in the magnetic field of 
up to 50% of the present value for Crete 
(44 uT for 1975) took place. As such, the 
present evidence for the rise of change in 
direction and intensity (for the same 
period), with their associated errors of 
+2°-5° and +5% respectively, would give 
a dating accuracy comparable with the 
time gap in question. 

Another attempt to monitor successive 
eruptions has been made by applying U- 
Th series radioisotopic analysis to tephra 
deposits from Kos, Rhodes, Nisyros, Tilos 
and Santorini’. Differences in the radio- 
isotopes content of the tephra were found 
which reflect a different magma source. 
Results indicated that a second eruption 
could not be ruled out, although not one 
that was necessarily derived from San- 
torini itself. 

I thank Professor K. Creer, Dr M. Ait- 
ken and G. Bussell for reading the manu- 
script, and the National Hellenic Research 
Foundation-Royal Society of London 
Exchange Scholarship. 


YIANNIS LIRITZIS 
Ministry of Culture and Science, 
Department of Underwater Antiquities, 
58 Omirou St, 
Athens, Greece 


DOWNEY AND TARLING REPLY—We 
agree with most of the comments of Lirit- 
zis. The palaeointensity observations are 
subject to a range of errors, therefore we 
quoted these observations as supporting 
the directional evidence, rather than using 
them as primary indicators of age differen- 
ces. We also concur with his comments 
concerning the use of a Sun compass, but 
it is not possible to use it at several key 
sites, such as Akrotiri, where the structures 
are protected by a solid roof. In other 
areas, the Greek authorities were 
extremely cooperative in removing covers 
wherever possible. Comparison of Sun 
and magnetic compass readings on open 
sites of fired mud bricks showed no differ- 
ences between the readings, but we are 
also suspicious of sites with magnetic 
orientation alone, particularly where large 
structures are concerned. Luckily, the 
main difference in direction is in inclina- 
tion and this tends to be less affected by 
errors in determining the direction of 
strike lines. Partially because of such prob- 
lems in kilns, few of our results were 
included from these structures (the main 
exception being the only site we were 
allowed to sample at Knossos), although 
the main reason for this omission was that 





chronous with the natural(?}) destructions 


of houses, palaces, villas, and so on. We 
also accept the possibility of regional tilt- 
ing, although the coastal evidence for such 
tilting has a very low angular value. In 
terms of the volcanics, both tephra sequen- 
ces would be tilted if significant seismic 
movements had occurred, while it is 
difficult to see why subsequent thermal 
effects should be so confined to specific 
layers and be so uniform within them that 
no other components can be isolated. We 
emphasize that any interpreation would 
benefit from more intensive and extensive 
study, including presently unsampled 
localities, but we were convinced by the 
difference in direction, supported by 
palaeointensity differences, which emer- 
ged from the results during the final stages 
of analysis and, on reviewing the problem, 
the short time gap seemed to offer a poss- 
ible explanation of other perplexing 
features, such as differences in the quan- 
tities of LMIB pottery retrieved from 
different sites. 


W. S. DOWNEY* 
D. H. TARLING 
Department of Geophysics 
and Planetary Physics, 
University of Newcastle-upon-Tyne, 
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Matters Arising 


Matters Arising is meant asa vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori- 
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the | 
briefest of replies, to the effect that a: | 
point is taken, should be considered. | 
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-By Donald Michie and Rory Johnston. 
Viking: 1984. Pp. 263. £12.95, $29.95. 


The Cognitive Computer: On Language, Learning, and Artificial Intelligence. 
_ By Roger C. Schank and Peter G. Childers. 


Addison-Wesley: 1984. Pp. 268. $17.95. 


The Creative Computer: Machine Intelligence and Human Knowledge. 





ALTHOUGH artificial intelligence has 
already completed its first quarter of a 
century as a recognizable discipline, it is 
only now on the brink of capturing the 
attention of a wider audience. Despite the 
age of the subject it still carries with it a set 
of contradictory and confusing notions, 
. The arguments are not about the techni- 
=- ealities (which, all would agree, contain 
some pretty clever programming tricks), 
_» but about wy anyone should be interested 
= in Al at all. One of the authors of each of 
~ these two books is an innovator of Al 
ideas. Donald Michie has, for many years, 
led the AI movement in Britain and has 
contributed internationally to the design of 
“heuristic” programs that rapidly find 
their way through ‘‘trees’’ of complex 
decisions. Roger Schank is one of the 
founders of the Yale Al school, where 
some of the fundamental programs were 
written that enable machines to react ap- 
propriately to human-like conversations. 

In the two books, neither author refers 
to the work of the other indicating that the 
reader is offered two very different views of 

what the subject of AI is and where it is 
~~ going. Michie and Johnston suggest that 
Al may spawn machines which, being 
smarter than human beings, will provide 
ways for mankind to pull back from the 
brink of disaster. Schank and Childers, on 
the- other hand, argue that the central aim 
-vof AT is to provide systems that understand 
and obey their human users without 
making excessive demands on the way that 
“a person wishes to express himself to the 
machine. Their message is one of banishing 
the pains of learning to work with the 
patently unintelligent but ubiquitous 
programmed computer of today. In other 
words, Michie is happy to suggest that 
machine intelligence is not only like the 
human version but also an improvement of 
it — while Schank sees the two as being very 
different, but cooperative. 

Michie and Johnston’s case rests on the 
proposition that a machine can be creative, 
in the sense that it can get to ‘‘know”’ things 
that were not directly fed into it by a human 
programmer. They go to some trouble to 
explain that ‘‘expert system” programs are 
dragging the computer out of the dark ages 
into a dawn of supreme enlightenment. An 
expert system program includes a long list 

< of logical rules and facts about some field 
<. of expertise (for example, oil prospecting). 
_ It is then capable of being interrogated by a 





non-expert and of suggesting answers (for 
example, whether an area of land is worth 
exploring or not) after a question-and- 
answer interaction. The system not only 
shuffles around its data to provide the 
answers, but also explains how it got there 









Phil Koenig 





Roger Schank (top) and Donald Michie — 
different views of what Al is and where it is 
going. 














by backtracking through the logical rules it 
has used. ESS 
Michie’s case is that as a result of “Fifi 
Generation” research such systems- wi 
contain prodigious amounts of memor. 
This will hold the expertise of many experts 
in many fields and become super-smart 
through the sheer volume of stored know. 
ledge. Readers will soon realize that this i 
the same as arguing that if all the encyclo 
paedias in the world could be stored im 
machine and accessed rapidly, a super-w 
machine would result: a knowledgea 
machine, yes; but one that was better able 
to add wisdom to, say, the nuclear disarm- 
ament debate, no. That kind of creativity is 
not contained in encyclopaedic knowledge: 
it requires a leap of insight outside itself. 
which, as yet, no expert system has: 
achieved. 
But Johnston and Michie are aware of 
this and try to patch up the gap by 
producing, as evidence, programs. .that 
have found shortcuts in planning problems 
not fed in by the rule-supplying human 
expert (these are commonly found: in: 
programs which play games). In less than a 
page of the entire book they point to a- 
program called ID3 (developed wit 
Michie’s team) which generates advic 
tables about the winning potential o 
certain chess end-games by correlating. 
wide variety of board patterns with 
possible outcomes. This is creativity of th 
kind that is found in the interference- 
reduction engineering systems carried on. 
board exploration satellites. The signals 
received on Earth from the satellite's. 
cameras suffer from distortion and. 
disruption due to random “‘static’’. But’ 
computers using statistical techniques 
remove this static, revealing beautiful,” 
clear pictures never before seen by man! In. 
a similar way, the advice tables have: 
revealed order not previously seen by 
human chess players. But the case that such 
laundering operations will lead to “wis 
than-man’’ computers requires an act 
faith to which only the most enthusi: 
readers may subscribe. : 
In contrast, Schank and Childers’s 
approach is refreshingly realistic and 
credible. The central question they see as 
being whether sufficient ‘‘knowledge’’ 
may be included in a computer so that its 
responses may be helpful, while reflecting’: 
the fact that the machine has no ‘‘opinion’” 
of its own. Such machines might be 
expected to absorb stories in natural. 
language (reports from the scene of an 
accident, for example), paraphrase them. 
into essential facts and answer questions, © 
In a story that contains something like 
‘Jack ate a bacon sandwich which he- 
enjoyed and washed down with a pint of 
beer’’, it would be difficult but possible for: 
the machine to answer correctly a question 
about whether eating or drinking took o 
place first. In answer to a question stich as 
“Are bacon sandwiches tasty?’’, the 
appropriate machine response might ‘be 





























































-as I do not eat bacon 







ook contains a progression of 
vincing examples that point the way 
towards such interactions, while contin- 
sly reminding the reader of the 
rmous programming difficulties that 
his implies. For Schank the massive 
mories of the future will be used to make 
ful, interactive systems from which 
people could learn world knowledge in 
-fields that are new to them. He does not 
‘believe in the super world-saver but sees 
systems as developing into patient and 
understanding teachers. The latter parts of 
The Cognitive Computer return to the 
yositive benefits of this sort of AI: better 
-health services, better banking systems and 
en better democracies. 

‘There are two economic and social 
easons which suggest that Schank’s view is 
ight. The first, agreed by both authors, is 
the falling costs of knowledge storage. The 
‘cond is the powerful market edge of a 
machine which is well-tuned to human use 
wer one that isn’t. In other words, no 
industrial concern could bear the costs of 
chie’s megalomaniac machine and hope 
ecoup the outlay from a free-economy 
market. Schank’s helpful cooperator, on 
the other hand, sounds far more market- 
able than even the most successful micro in 
the High-street shops today. 

On a critical note, it is a sad fact that 
neither of these books says much about the 
nprecedented opportunities which lie 
ead for new computer structures and 
designs encouraged by the silicon chip 
revolution. Both sets of authors pin their 
hopes on machines whose general structure 
has hardly altered since 1947. For example, 
everal laboratories in the world are 
xploiting low chip costs by researching 
arallelism (a trick that the human brain 
es to advantage). This may not only be 
he precise vehicle that brings down com- 
‘puting times to fulfil some of the pre- 
dictions, but also opens new opportunities 
for a flexible and rapid acquisition of 
< knowledge which on conventional 
machines would just take too long. 

If readers can stand up to the continuous 
“barrage of suggestions by Michie and 
Johnston that future survival depends on 
machines which may never be built, they 
may well find the historical approach and 
the lively style of The Creative Computer 
` acceptable. In contrast, Schank and 
‘Childers’s The Cognitive Computer is 
‘written in an appealing, absorbing and 
highly informative style throughout. With 
its clear philosophy and lucid examples of 
some difficult programming concepts, it 
-yanks as one of the best general books on 
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_Alwritten to date. cl 
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The Global Climate. 

Edited by John T. Houghton. 
Cambridge University Press: 1984. 
Pp. 233. £27.50, $49.50. 












ON THE tails of the surge of interest in 
climate has come a number of books deal- 
ing with various aspects of the subject. The 
Global Climate is one of the most recent, 
and tries to encapsulate current knowledge 
by drawing on the talents of a number of 
scientists working in constituent areas of 
climatic research. The preface states that it 
is designed ‘‘to explain to a wider scientific 
community the background, aims and 
main lines of research being pursued”. 
It is to be hoped that this is not the only 
justification for the book, because, apart 
from the general summary in the first 
chapter, it will probably appeal only to 
those already active in the subject. 

The 12 contributions are somewhat 
specialized in nature and range over 
climatic observation, modelling, clouds 
and radiation, ice, the oceans and atmos- 
pheric composition. There is no index - a 
severe drawback - and the standard and 
content of the chapters are highly variable, 
some being overly detailed and others quite 
short and specific. For example the 
observational study is essentially confined 
to discussing variations in temperature, 
which hardly illustrates the real complexity 
of the observed climate. By contrast the 
elaborate description of model experi- 
ments concerned with soil moisture and 
surface albedo variations includes virtually 
every such experiment performed; this 
detail is hardly justified when no real ap- 





P g Ene very | 
sentation of soil moisture used in mod: 
present. There is a similar problem w 
account of clouds and radiation which is 
mainly about results from one-dimensi 
models, far too little space being devote 
the real problems of modelling the thre 
dimensional world. 

The three chapters on ee `- 
highlight the important role that the oceans 
play in climate, and emphasize the complex- 
ities of the interactions between the oceans 
and the atmosphere. Wood’s contribution 
on the upper oceans is particularly 
comprehensive, but is marred by his 
excessive use of references; at times the 
article reads like a telephone directory. The 
following chapter by Wunsch, on the ocean 
circulation, is the most stimulating in the 
book. He emphasizes the problems which 
have to be resolved, and the book as a 
whole would have been all the better had 
more of the authors taken this tack. 

The Global Climate portrays, warts and 
all, the very great complexity of the 
climatic system and the tremendous 
problems involved in trying to predict the 
future. It would have been improved by 
chapters on palaeoclimatology, and 
particularly on theory, where the under- 
lying dynamical principles of the climatic 
system could have been illustrated. But 
what, above all, is generally lacking is any 
sense of the excitement offered by climatic 
research. Communication of this point toa 
wider audience is necessary if more first- 
class brains are to be attracted into the 
field. The intellectual challenges are 
certainly there — prospective high-energy 
physicists please note. G 





B. G. Hunt is a Senior Principal Research 
Scientist at the CSIRO Division of Atmospheric 
Research, Melbourne. 
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Macromolecules, 2nd Edn. Vol. 1 
Structure and Properties; Vol. 2 
Synthesis, Materials, and Technology. 
By Hans-Georg Elias. 

Plenum: 1984. Vol. 1 pp.521, $65, 
£50.25; Vol. 2 pp.821, $95, £80.75. 











MACROMOLECULES are the building blocks 
of life, and study of them unites the three 
prime natural sciences — chemistry, 
physics and biology. On the other hand, 
macromolecules in the form of polymers 
clothe not only people but the wheels of 
cars and planes, and are used as substitutes 
for metals and glasses in industry. The 
writing of a comprehensive, up-to-date 
account of macromolecular science and 
technology is thus a complicated and 
difficult -job, but that goal has been 
achieved by Dr Elias. The original edition 
of Macror tolecules acquired a well- 














deserved reputation for thoroughness and 
reliability; this second edition, written 
practically de novo, is much more complete 
and should be even better received. 

The two volumes are encyclopaedic in 
scope and contain an enormous amount of 
information, beginning with the chemical 
structure of macromolecules, their con- 
figurations and conformations, and ending 
with the description of specific materials 
such as fibres and adhesives. The reader 
will find here information on nearly 
everything to do with polymers, from a 
simplified derivation of the formula for the 
dimensions of the polymer coil (p.119) to 
data on the annual production of oil in 
different countries (p.857). (Oil is one-of 
the best sources of raw materials for 
polymer production; Mendeleev wrote that 
the burning of oil was the same as the 
burning of currency bills!) The whole.is 
written in a clear and straightforward style, 
And while the approach reflects Dr Elias’s: 
viewpoint, the reference lists include all the. 
most important papers, reviews and monó- 
graphs on the subject. 
























; imself- specializes in 
acromolecular chemistry — the mec- 
anisms and kinetics of various types of 
ondensation and polymerization — 
ne would expect the chemical aspects to 
cribed especially carefully, as indeed 
are. The same can be said about the 
nological side, the characteristics of all 
Hie classes of polymers known to date being 
= given. 
->The coverage of the physical aspects, 
-` however, while good is not quite so 
thorough. Two decades ago many of us 
believed that physics of polymers had 
reached -a dead-end and that there were 
... only two ways forward, either towards 
= biology. or towards technology. Later it 
became clear that we were wrong. New 
ideas- were proposed in the theory of 
= macromolecules based on the analogy 
between the properties of polymer systems 
and. systems fluctuating near the critical 
points of phase transitions. These ideas 
were put forward on one hand by P.-G. De 
Gennes, and on the other by the late L.M. 
“Lifshitz and his school.* One of the most 
important places in this new physics 
belongs to the theory of the coil-globule 
transitions. It is a pity that Elias does not 
tell us anything about this field, and does 
not describe the specific physics of the 
globular state. Equally he does not give an 
adequate treatment of the theory of the 
relaxation properties of polymers, which 
forms the background to the under- 
standing of their electrical and mechanical 
properties; nor, on the topic of methods, 
does he mention the circular dichroism of 
chiral polymers which replaced the study of 
their optical activity long ago. 

From my personal point of view, the des- 
cription of biopolymers and related bio- 
logical problems also falls short of what 
would, at best, be desirable — graduate 
students of polymer chemistry should 
know more about this field than is dis- 
cussed here. There are also a few mistakes; 
for instance triple helices can be formed by 
synthetic polynucleotides but not by 
natural nucleic acids. 

But of course the work of one author, 

- especially when it runs to 1,342 pages, 
cannot be totally free from some second- 
hand defects; and we cannot criticize a pear 
tree for producing pears but not apples, 
though these points might perhaps be taken 
into account for the next edition. As it 
stands the fruits of this massive work are 
very rich indeed. Macromolecules will find 
a wide circle of readers among graduate 
and postgraduate students, scientists and 
engineers. 











M V. Volkenstein is at the Institute of 
-Molecular Biology, Academy of Sciences of the 
; USSR, Moscow. 





< *See, for example, P.-G. De Gennes Scaling 
Concepts in Polymer Physics (Cornell Uni- 
versity Press, 1980) and I.M. Lifshitz, A.Y. 
Grossberg and A.R. Khokhlov Rev. Mod. Phys. 
“$0. N3, 683 (1978). 
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Cambridge University Press 1584-1984. 
By M.H. Black. 

Cambridge University Press: 1984. 

Pp. 343. £12.50, $19.95. 





AS A commercial publisher, educated 
almost exclusively in the humanities and 
subject to advanced bibliomania, for me to 
review this book is rather like a satyriasis 
sufferer being asked to pronounce on the 
bound volumes of Playboy. 1 must also 
declare a two-fold interest in that I was an 
undergraduate at Pembroke College, Cam- 
bridge, under the Mastership of S.C. 
Roberts — one of the most influential 
Secretaries Cambridge University Press 
has had — and the author of the book 
under review once offered me a job. But as 
that was nearly a quarter of acentury ago, I 
can perhaps reasonably claim some object- 
ivity today. 

Most ‘‘house histories” amount to little 
more than hagiography and are read only 
by those with an a priori connection with 
the company in question. In theory, the 
story of four centuries of a publishing 
house should be of much wider appeal. 
Such is the case; the book is compelling 
reading for anyone with an interest in the 
spread and propagation of literature and 
learning as well as the history of publishing 
itself. 

The threads that run through Black’s 
account of the history of CUP are manifold 
and there is insufficient space here to do 
them justice. From the receipt of the royal 
charter in 1534, and the appearance of the 
first publication in 1584 (just one year 
ahead of Oxford), he tells of changing 
printing skills and technology down the 
centuries, of typography and typograp- 
hers, of eccentrics and bores, of legal 
constraints on publishers and battles 
between them, and a great deal more, much 
of it of consequence far beyond Cambridge 
itself. Perhaps the most salient and 
continuous theme, however, is the de- 
velopment of bible printing, worth a book 
in itself and an activity which, throughout 
its history, has brought enormous profits 
to the Press thus enabling it to develop its 
traditional scholarly publishing. 

If I have any serious quarrel with CUP it 
is here: in producing jointly with Oxford 
University Press the New English Bible, the 
Press produced at a cost of more than one- 
and-a-half million pounds a book utterly 
lacking in distinction. It is an unenviable 
mark of philistinism that two of the three 
licensed English bible publishers (the other 
is Eyre & Spottiswoode) should have com- 
bined in so massive an effort to provide so 
mediocre an alternative to the King James’s 
Bible (which, even toa Jewisha nostic like 
myself, remains one of the masterpieces of 























g 
literature i in its own right): : = 

That opinion is unlikely to be adh 
within the Press, at least not offi 
However, in the book Black is uneq 
about an earlier decision, of 1877, | 
the Syndicate of the day not to p 
what later became the Oxford Englis 
ionary. ‘‘Possibly the largest 
decision in publishing history” he ¢ 
but is understandably philosophical 
the matter: : 
It would be a cautionary tale, if publishe 
not know the moral from their own experi 
and if it were possible to guard against bei 
monumentally wrong by any simpler method 
than always being right... 

However, the Press wot 
today if it hadn’t got most of i 
right. By 1890 it was ‘‘recognisab 
becoming a modern publisher” and. was 
commissioning some books rather than 
merely waiting for manuscripts to Arris 
Beyond the bibles and the prayer books 
had the makings of a humanities list 
scientific list and a schoolbook list. An 
while many a publisher, put off by 
appalling handwriting and idiosyn 
style, could well have rejected 
Doughty’s Arabia Deserta, one of the mi 
perceptive Syndics, the Arabist, Willia 
Robertson Smith, recommended pu 
cation subject to Doughty accepting 
Smith’s editorial guidance *‘to render t 
work intelligible to ordinary English 
readers”. Poor Doughty was asked to 
contribute to the costs of publication, and 
those who have been dunned by their pu 
lishers for excessive tinkering with the 
proofs may take comfort from the fact that 
by publication day, in 1888, Doughty owed 
the Press £730 (surely not less than £15,000 
in today’s terms). Doughty was unwilling 
to pay and in the end surrendered his 
copyright instead; but lest anyone think the 
Press unduly rapacious, it was stipulated 
that the copyright could revert to him, after 
the first impression, upon payment of 
£200. 

Towards the end of the nineteenth cen- 
tury, CUP, some 200 years previously the 
publisher of Isaac Newton, really hit its 
stride as a producer of scientific works. J.J. 
Thomson, C.S. Sherrington, Lord Kelvin, 
Lord Rayleigh, James Clerk Maxwell, 
Osborne Reynolds, George Stokes and 
Alfred North Whitehead all published. 
under its imprint, while the first science 
journal put out by the Press, the Journal af 
Physiology, appeared in 1893. The stream 
continued through the turn of the century 
— with Rutherford’s Radio Activity, 
Hardy’s Pure Mathematics (published. in 
1908 and still in print) and the three 
volumes of Whitehead and Russell’s 
Principia Mathematica, among many 
others — and on after the First World War. 
Alongside this galaxy of scientific works, 
other aspects of the Press’s activ 
flourished. In particular there i: 
extraordinary record in the: publ 
of history with what, to -histo ans, 












































































































































avid Knowles, Sir Stephen Runciman, Sir 
n Clapham, Eileen Power and many 
ore. 

Altogether, the decades between the two 
World Wars may perhaps be seen as the 
‘greatest years in all of CUP’s existence. 
Onto financial stability and imaginative 
- publishing were grafted the typographical 
influence of Stanley Morison, making the 
‘Press a leader in Britain and the world in 
the combination of style with clarity in 
typographical design. There are many 
reasons for reading Black’s book and 
among them is a series of brief but effective 
character sketches — of Morison, for 
“example, quite obviously a most eccentric 
man despite (or because of) being a typo- 
graphical genius; or of someone called 
= Nobbs who, according to Black, was 
-“curmudgeonly until excited, when he 
became virtually impossible”. 

“Throughout its history the Press has had 
difficulties — financial and political — but 
none so severe as the crisis of the late 1960s 
and early 1970s which threatened to take it 
inder: The extent of the problem is made 
lear by Lord Todd, appointed as Chair- 
man of the Syndics in 1971, in his auto- 
biography A Time to Remember (quoted 
‘by Black on p. 243): 


Already on my first visit as Chairman...1 was 

horrified: the Press was to all intents and 
purposes bankrupt, with a soaring overdraft 
and with sales and receipts dwindling. 


Todd moved with remarkable speed and 
‘steered through the appointment of 
Geoffrey Cass who, as Chief Executive, 
‘must be credited with the reorganization 
that has made CUP as efficient and, | 
suspect, as profitable as it is today. (One 
can only suspect; while Black is by and 
< Jarge good on quoting figures, numbers of 
mployees and so on, he is brief to the point 
of evasiveness on the current turnover and 
‘profit of the Press.) 

. Cass did many things that needed doing. 
“Among them was the enforcement of the 
“policy that current book prices had to 
reflect replacement costs, not original 
‘costs, a point it has taken far too many 
publishers far too long to realize during the 
aast decades. Indeed, of the many con- 
uencies in the potential audience of this 
book, the oddest, I suspect, must be the 
world of accountants. The master-stroke, 
however, came from a different direction. 

By briliant research in the university 
‘archives and sophisticated presentation of 
s arguments, Cass managed to persuade 
$ the Inland Revenue that the Press should 
become a charity which would be exempt 
“from payment of corporation tax. His 1975 
submission to the District Inspector of 
Taxes consisted of some 60 typewritten 
pages, one of which contained the sentence 
“Our formal submission, when completed 
in the Spring, is likely to be several hundred 
times bigger...”’. Clearly Mr Cass is not a 
‘man to be trifled with. He succeeded in his 
m hen the Inland Revenue agreed on 9 
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holography 


Brian J. Thompson 








Optical Holography: Principles, 
Techniques and Applications. 

By P. Hariharan. 

Cambridge University Press: 1984. Pp. 
319. £35, 369.50. 





IN Hts preface, Dr Hariharan states: ‘“My 
aim in writing this book is to present a self- 
contained treatment of the principles, 
techniques and applications of optical 
holography, with particular emphasis on 
recent developments’’. He has succeeded 
admirably in that endeavour. It was time 
for a new, authoritative text on holo- 
graphy, to provide a succinct but readable 
introduction to the principles and current 
methodology of optical holography, and 
up-to-date coverage of applications. 

The book contains 15 chapters and five 
short appendices. The first three chapters 
are concerned with the fundamentals, the 
first giving some historical perspective, the 
next two being accounts of the basic meth- 
ods of hologram formation (in-line, off- 
axis, Fourier transform, Fraunhofer, and 
image) and of image formation from the 
hologram. The various types of holograph- 
ic recordings (thin, volume transmission 
and volume reflection) are described in 
some detail in a separate chapter. 

Three further chapters deal with many of 
the important practical aspects of the art 
and science of holography, including light 
sources and optical systems, parameters of 
recording media and practical recording 
media. Various useful chemical formulae 
and processing conditions are given for 
monobath developers, tanning bleach, re- 
versal bleach, dichromated gelatin and so 
on. 

Separate chapters are devoted to holo- 
grams for displays, colour holography, 
computer-generated holograms, infor- 
mation storage and processing and 
holographic interferometry. Special tech- 





hologram copying and holography wi 
incoherent light — are discussed as a. 
group. (1 confess I still have semantic 
difficulty with the phrase “holography: 
with incoherent light’, or worse yet: 
‘incoherent holography’’!) 

Imaging applications of holography are 
covered, among them microscopy, particle 
size analysis, imaging through moving 
scatterers and distorting media, correction 
of aberrated wavefronts, high-resolution 
projection imaging, evanescent-wave 
holography and multiple imaging. Rather 
oddly, this chapter also contains sections 
on holographic optical elements including 
scanners and diffraction gratings. 

Some readers will be disappointed by the 
brevity of one or two of the sections; for 
example, the discussion of holographic 
gratings takes a bare two-and-a-half pages, 
including two figures. However, to com- 
pensate, there are ample references in all 
sections, some 700 in all, about 10% of 
which are from 1980-1982; the author has 
indulged himself a little with the largest 
number (32) to his own work — at least 
twice as many as the nearest competitor! 
There is also a short bibliography, an 
author index and a very good subject 
index, although I was surprised that multi- 
plex hologram, zone plate, zone lens and 
far-field hologram are not included. 

Topics such as speckle, interference and 
coherence are dealt with briefly in the 
appendices. Coherence requirements are 
important but unfortunately the author 
repeatedly writes about the spatial 
coherence of the source when he means the 
spatial coherence of the field produced by 
the source. 

Such small defects do not affect the 
overall value of the book. It will appeal toa 
wide audience, from those embarking ona 
serious study of holography to the estab- 
lished researcher who will use it as a 
reference text. g 





Brian J. Thompson is Professor of Optics in the 
College of Engineering and Applied Science and 
Provost at the University of Rochester, New 
York. 


SESEO 


November 1976 that CUP was indeed tax 
exempt. The so-called older university, and 
younger university press over at Oxford, 
watched elegantly from the sidelines and 
subsequently procured the same 
exemption. 

The extent of Cass’s success and the 
present health of CUP can be judged from 
the current scale of the Press’s activities. 
Nineteen eighty-four, it is estimated, will 
have seen from the publisher of Newton 
and Darwin, Dryden and Milton, some 900 
new publications with projected sales of 
eight million units. 

This is an altogether admirable book, 
hugely enjoyable and informative. It is 
superbly produced — the broken letter in 
the word ‘‘editorial”’ (p. 286) apart — and 


so indeed it should be. Black’s prose is lucid 
and frequently witty, while the work asa 
whole is far less self-serving than most 
volumes of a similar nature. My only real 
disappointment is the absence of the 
present-day figures that really matter. If 
companies who do pay their taxes have to 
tell all, should not charitable institutions 
also be compelled to report fully — if 
only to reassure those of us who toil else- 
where in the vineyards of publishing that 
the two great university presses are not 
thereby gaining a massive commercial 
advantage. OQ 
eRe ee ea eae Bete Se ree 
T.G. Rosenthal is Joint Chairman and Joint 


Managing Director of André Deutsch Led, 
London 

















DR. W.D.A. SMITH 
Reader in Anaesthesia, University of Leeds 
Honorary Consultant Anaesthetist, 
Leeds General Infirmary 


£12.00 208pp ISBN 0 333 31681 9 


“This book presents an incomparable effort 
in presenting new material on the very 
foundations of anaesthesia, and is to be 
recommended wholeheartedly”. 


< “The book jacket states unambiguously that 
‘Dr. W.D.A. Smith is the world authority on the 
history of nitrous: oxide in anaesthesia’. If 
anyone might presume to doubt this, a reading 
of the book cannot fail to convince them of the 
truth of this statement”. 


P.W. Thompson 
Anaesthesia 


Over the past 15 years Dr. Smith has 
published a series of articles in the ‘British 
Journal of Anaesthesia’ and related journals. 
These articles, containing a great deal of 
unique material, are brought together for the 
first time in this book. A useful preface 
provides an overview of the subject and 
contains new, previously unpublished 
material. 


Please send orders or requests for information to: 


Carolyn Leuw, Product Manager 
Scientific and Medical Division, 
The Macmillan Press Ltd., 
Houndmills, 

Basingstoke, Hampshire RG21 2XS, UK. 
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Under the Influence 


New books from. 
Allen & Unwin 


The Fight for Food 
Factors Influencing Agricultural 


Production 
Harold E. Croxall and 
Lionel P. Smith 


This book presents a clear overall picture of the 
factors governing agricultural productivity, 
including weather, soil, biology and ecology, and ; 
human, social, economic and political factors: The - 
authors discuss the complex interactions tha 
produce the wide variety of changing situations i 
which farmers must operate. 

August 1984 Hardback £15.00 Paperback £4, 9 

















































Chromosomes Today: © 


Volume VIH 
Edited by M.D. Bennett, | 
A. Gropp and U. Wolf 


The proceedings of the 8th International 
Chromosome Conference, held in Lubeck, West. 
Germany in September 1983. These conferences 

are the premier forum for the presentation of 
research and review papers in both plant and 
animal (including human) chromosome-related 
research. This volume therefore offers the hard- 
pressed biologist ready access to these fast-moving 
fields. - 

November 1984 






































Hardback £30.00 





Lipids in Plants and Microbes 
J.L. Harwood and N.J. Russell . 


A concise but wide-ranging comparative review of 
the structure, metabolism and functions of lipids 
in plants and microbes. Their differences from’. 
animal lipids areclearly brought out and with the » 
increasing importance of microbes and plant cell 
cultures in the food industry, biotechnology and 
medicine, the book is timely. ry 
October 1984 Hardback £19.50 Paperback £7.95 



















Class Experiments in 
Plant Physiology 


Hans Meidner 









This book presents detailed protocols for over 100 
class experiments in plant physiology. Some 
40 university teachers have contributed their best 
tried and trusted class experiments, each of whi 
has again been minutely tested by Professor 
Meidner who has then rewritten and edited them 
into a uniform style. The result is a source book of. 
unrivalled authority and reliability. 

July 1984 Hardback £20.00 Paperback £9.95. ; 
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SCIENCE 


News Department Reprint Series 


Artificial Intelligence 


This collection of articles from Science by M 
Mitchell Waldrop explores the newly emerging field of 
artificial intelligence, Al. What Al has really accom- 
plished, where might it plausibly be expected to go, 
and what are its limits? In particular, the articles focus 


SPEED VAC on the foundations of Al—the effort to understand the 
phenomenon of intelligence. Included are such topics 
CONCENTRATOR as expert systems, natural language understanding, 


computer vision, and parallel processing. This series is 


prior to analysis by HPLC, 
GC, tt, or Orn Single copies $2.00; twenty or more $1.00 each. 
Full details and 1985 Catalogue Orders must be prepaid. 


 STRATECH SCIENTIFIC C LTD 


ma rove, London N Write to AAAS, Dept. Al, 1515 Massachusetts 
37 Mild pa 2601 Ave., N.W., Washington, D.C. 20005. 
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An essential guide MRSA 
to successful 
production 


This book provides concise and up-to-date 
information on vegetable crops grown in tropical 
regions. It contains details of all the factors affecting growth and a clear 
explanation of techniques that can be applied to increase the level of 
production. It will be of use to students, extension service staff and 
research workers who wish to enlarge their knowledge of the range 

of food crops available for growing in the tropics. 

Vegetables in the Tropics provides full information on the 

cultivation and environmental requirements of about 140 crops. 


Hardcover ISBN 0 333 24266 1 £35.00 
Paperback ISBN 0 333 24268 8 £15.00 


HD Tindal 


H D Tindall is Professor of Tropical Agronomy at the National College of 
Agricultural Engineering, Silsoe 


For further information please write to: Liz Digby Firth, 
Macmillan Education, Houndmills, Basingstoke, Hants RG21 2X8, U.K. 
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® LKB Produkter AB of Sweden has 

“introduced a new embedding system for 

~ high-resolution light microscopy. Histo- 
Resin, which is a glycol methacrylate 
polymer, offers a rapid low-toxicity pro- 
cedure for the production of highly trans- 
parent specimen blocks. The HistoResin 
kit includes all components required for 
specimen infiltration and embedding. Thin 
(2um) serial sections can be cut for staining 
series, and the HistoResin system includes 
a special mounting medium to ensure 
stable blocks and secure attachment of 
virtually any adapter. Fully polymerized, 
clear blocks are ready for sectioning within 
2 hours. 

‘Circle No. 100 on Reader Service Card. 





Chemops in action 


®© For fast and easy cleanup of chemical 
spills, Lab Safety supply Co. produces the 
Chemop. The mop works like an ordinary 
squeeze-action mop, but is made entirely of 
chemically resistant and nonsparking 
materials, and fitted with disposable 
Chemsponges that will absorb acids, 
caustics, solvents or oils. The Chemop 
eliminates the use of messy absorbents and 
neutralizers and greatly simplifies spill 
cleanup. 

Circle No. 101 on Reader Service Card. 

@® Safetemp gloves, from Forma 
Scientific, protect the hands from the cold 
while working with cold or frozen 
materials. The heavy-duty water repellent 
gloves are effectively insulated yet the 
gloves are lighweight for good mobility. 
Safetemp gloves are available in three sizes 
— elbow, mid-arm and shoulder lengths. 
Circle No. 102 on Reader Service Card. 


These notes are based on information provided 
by the manufacturers. For further details circle 


the appropriate numbers on the Reader Service 
Card bound inside the journal. 








New products described this month include three made with safety in mind—insulated gloves, a 
system for mopping up spilt chemicals and a wallchart on hazard warning symbols. 


© NOTEBOOK is a new software system 
from Biodata intended to do in the 
laboratory what the wealth of office 
computer software available does for the 
office. The new package provides a stand- 
ardized and simple way of controlling 
experiments and collecting data. Data are 
communicated between the NOTEBOOK 
program through disk files which can also 
be transferred into files suitable for off- 
the-shelf office data processing packages. 
Programs are written in PASCAL for 
speed of execution and make extensive use 
of menus and soft keys to select program 
options. The programs will run on the IBM 
PC and compatible machines incuding 
Apricot and Sirius. Typical applications 
include long-term data logging — record- 
ing temperature, strain, analogue voltages; 
waveform capture and display; analogue- 
to-digital and digital-to-analogue 
conversion; off-line signal analysis. 

Circle No. 103 on Reader Service Card. 





The Diffu-Gen in vitro diagnostic system 


®@ The Diffu-Gen radial immunodiffusion 
assay system from Tago now includes an 
assay for measuring the concentration of 
haptoglobin. Tago’s RID agarose plates 
are colour-coded, contain 12 numbered 
wells, and are available in 3- and 10-unit 
packages. A Reference Sera Kit of three 
levels of haptoglobin can be supplied 
separately. Tests can be performed without 
diluting patient sera, and no incubator or 
humidity chamber is required. 

Circle No. 104 on Reader Service Card. 
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endotoxin contaminents 
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Detoxi-Gel removes endotoxins from solution 





@ Endotoxins can be removed from a sol- 
ution using a new affinity chromatography 
support from Pierce Chemical. The sup- 
port, Detoxi-Gel, uses a special ligand 
covalently bound to an agarose matrix and 
has a high capacity for endotoxins. 

Circle No. 105 on Reader Service Card. 






























The fourth edition of the BDH Hazard Wari 
Symbols Chart shows the symbols used: 
current UK labelling regulations. The charts 
measure 70 x 49 cm. Circle no. 106 for further 
details, 

@ As a result of a recent cooperative 
agreement between ICI and the Institute of 
Radioelements, Fleurus, Belgium, scient- 
ists in the United Kingdom and the United 
States now have access to a Tritium 
Custom Synthesis Service by contacting the 
Physics and Radioisotope Services Grour 
of ICI at Billingham. Compounds may be 
labelled by a variety of techniques 
including catalytic exchange, halogen r 
placement and reduction with tritium gas. 
Circle No.107 on Reader Service Card. 

@ Mung bean nuclease, recently reported © 
capable of isolating genes by preferentially 
cleaving DNA at the ends of the gene seg- 
ment (in the presence of formamide), is: 
available from Pharmacia. Mung beañ. 
nuclease is also often preferred over S, 
nuclease for single-strand specific. 
cleavage, as it has less tendency to nick’ 
double-stranded DNA. 

Circle No.108 on Reader Service Card. ` 
@ A new 12-page booklet available from 
Data Corporation details the immuno: 
peroxidase staining characteristics of 
variety of normal and neoplastic spec 
using ten monoclonal antibodies. 


Circle No. 109 on Reader Service Car. 
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from Richard Pearson 


by investing in training. 


HE: United Kingdom’s position in the 
s igh-tech’ league has become the 
increasing concern over the past 
yi While the shortage of information 
technology skills has been the focus of 
uch attention, and is a problem afflicting 
any other countries, a more disturbing 
manpower and skills problem for the Un- 
ited Kingdom has been highlighted in the 
latest audit of the country’s performance, 
the report Competance and Competition 
(HMSO, 1984). This report seeks to 
contrast UK investment in training and 
“human resources with that in West 
Germany, Japan, and the United States. 
Making international comparisons of edu- 
cational qualifications and training invest- 
ent can of course be notoriously difficult 
nd lead to endless arguments, for ex- 
ample, over whether a Japanese engineer- 
ing graduate is equivalent to one from West 
ermany or the United States. To get 
ound this problem the report draws on a 
ide range of indicators to argue that the 
Jnited Kingdom lags behind its major 
petitors in its investment in training 
and education, and it sets out an agenda for 
action to improve competitiveness and per- 
‘ormance for the future. 
While much of the recent national de- 
bate has highlighted the high tech skills, the 
eport take as the foundation of a success- 
ul vocational educational and training 
(VET) system, the preparation of young 
people. The high participation rates of 
-= young people in education in the three 
countries is highlighted. In Japan 94, per 
‘cent of young people stay in education until 
the age of 18, and 40 per cent go on to 
-higher education or graduate school. In 
West Germany, nearly 70 per cent of school 
leavers go into VET and 20 per cent enter 
ome form of tertiary education, while in 
the United States 73 per cent of those aged 
16-24 are enrolled in school, college or uni- 
ersity. By way of contrast, in the United 
Kingdom only just over half of the 16-18 
ge group participate in full-time educ- 
tion (Table 1). Emphasis on the ‘three Rs’ 
lA LN LNA LNT COLD OC CT, 
Table 1 Participation in education by 
16-18 yr olds 





Germany 86% 
Japan 96% 
60% 


73% 


_* Age range 16-24 


and competences such as team work, flex- 
ibility and ‘learning to learn’ rather than 
occupational knowledge and skills are seen 
to be important ingredients of successful 
VET systems. In terms of specific quali- 
fications, 87 per cent of Japanese school 
leavers have a minimum qualification of 
upper secondary school diploma, 71 per 
cent of US school leavers have a high- 
school diploma and 90 per cent of West 
German school leavers have a school 
leaving certificate. But although 84 per 
cent of UK school leavers have three or 
more CSE graded passes, the report’s 
authors believe that these qualifications are 
of a far less demanding nature. 

At the other end of the scale the United 
States and Japan lead in the numbers of 
graduates, with West Germany and the 
United Kingdom on more equal footing 





Table 2 New degrees per million of population 





First degrees Postgraduates 
West Germany 1,200 260 
Japan 3,250 170 
UK 2,000 380 
USA 4,100 1,700 





(Table 2), although once again much 
depends on how comparable ‘degree’ 
qualifications are between countries. In 
terms of postgraduates, the United King- 
dom moves into second place behind the 
United States, well ahead of both Japan 
and West Germany. An analysis on a sub- 
ject basis shows the far heavier concent- 
ration of engineering graduates in both the 
US and Japan, but with Japan well behind 
the United Kingdom in terms of postgrad- 
uate scientists. What this brief synopsis 
suggests is that while the United Kingdom 
under-performs at lower educational 
levels, it scores far better at the much 
higher postgraduate levels. However, a 
recent report on British science, Foresight 
in Science — Picking the Winners, shows 
that despite this high output of scientists 
British science is not as successful as had 
been previously thought (Nature 312, 183; 
1984). 

Perhaps more revealing is the much 
higher priority that the three countries give 
to education and training, by the individ- 
ual, employer and the state, and where the 
funding is regarded as necessary capital in- 
vestment rather than as expenditure. Each 
however follows a different pattern. In 
both West Germany and Japan, employers 








The importance of training 


-` A recent study suggests ways in which the United Kingdom might improve industrial competitiveness 


takes a strong lead and make a high fin- 
ancial investment in education and training 
and in recent years have been increasing 
this investment despite the recession. A 
particular feature of the United States is the 
much high investment by the individual in 
training and retraining and the diversity of, 
and flexibility, in training provision. The 
prime motivation in the United States is 
seen to be competitive/economic from the 
point of view of the individual and the 
employer, although the role of govern- 
ment, at federal and state level, is seen as 
more volatile. 

The report’s aim is to provide a stimulus 
for debate about how to improve VET, 
and hence competitiveness, in the United 
Kingdom. It comments that VET provison 
has to be geared to suit the country’s spec- 
ific circumstances and that there is no one 
single model of success. And it recognizes 
that while a direct relationship between 
VET and economic success cannot be 
proved, every body of opinion in the three 
countries believes that economic success 
cannot be possible without a strongly sus- 
tained VET effort. A large number of 
recommendations of how to improve the 
United Kingdom’s position are presented. 
They include education and training for 
young people to cope with the demands of 
working life, with a goal of 85 per cent of 
school- leavers achieving acceptable stand- 
ards in a range of core subjects — an aim 
which is now government policy. The 
recent UK initiatives such as YTS and 
TVEI are seen to be moves in the right 
direction. For employers, there is a need to 
increase commitment to both on-the-job. 
and off-the-job training as an investment 
in the future. They also need to take a lead 
in identifying training priorities and in in- 
creasing the status and rewards that acrue 
to jobs in the business sector. Flexibility in 
terms of easier access to training and re- 
training are also needed, while government 
investment in human resources has to be 
maintained. Finally, individuals need to be 
more aware that their own skills are re- 
levant to their employment roles. Educat- 
ion and training is a collaborative affair 
and needs to be given a higher priority by all 
concerned if competencies and compet- 
itiveness are to be improved. a 





Richard Pearson is at the Institute of Manpower 
University. of 


Studies, Mantell Buildings, 
Sussex, Brighton BNI 9RF, UK. 









areas. 


Address correspondence, including 
résumé, to: Dr S B Horowitz, Chair- 
man, Department of Physiology and 
Biophysics, Michigan Cancer Foun- 


dation, 


Detroit, r 48201, USA. 
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SUBCELLULAR 
PHYSIOLOGY AND 
BIOCHEMISTRY 
‘Postdoctoral and Staff 

Scientist Positions 

‘Our research group is utilizing ad- 
: vanced cryogenics-based techniques 
Acryomicrodissection, ultra-low 
‘temperature autoradiography, in- 
-tracellular:reference phase analysis) to 
study: (i) the subcellular commerce in 
microsolutes and its hormonal con- 
trol, (ii) the'structure and solvent pro- 
perties of cellular water, (iii) solute 
and water interactions with the 
nuclear and cytoplasmic ground 
substances, (iv) polymerization 
equilibria of cytomatrix proteins. We 
invite inquiries from investigators with 
career interests in these and related 


UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF GENETICS 


UNIVERSITY 
DEMONSTRATOR 


University Demonstrator to take up 
appointment on | October 1985. 

Applicants with qualifications and 
experience in any aspect of genetics or 
molecular biology will be considered. 
The appointment will be for three 
years, with the possibility of re- 
appointment for two years. 

The pensionable scale of stipends 
for a University Demonstrator, not 
ordinarily resident in College, is 
£7,980 a year, rising by four annual 
increments to £9,860. 

Further particulars may be obtain- 
ed from: Secretary of the Appoint- 
ments Committee of the Faculty of 
Biology ‘ʻA’, Department of Zoology, 
Downing Street, Cambridge CB2 3EJ, 
to whom applications (five copies) 
together with the 
names and addresses of three referees, 
so as to reach him not later than 28 
February 1985. 


should be sent, 


Microbiologist 


An excellent opportunity to run 
your own section 


Our client, part of an international group, has a 
major and very successful processing operation in the 
Manchester area. They now need a young and ambitious 
person to head up a free-standing microbiology group 
providing a professional service across a range of 


Reporting to the Plant Quality Control Manager you 
will be responsible for specifications, procedures and 
analysis in a wide variety of products and applications. 
The position will give you the freedom and opportunity 
to implement your own ideas and to see them 


Ideally you will be aged 25-30 with a degree in 
Microbiology. You will have 4/5 years’ experience in the 
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MANAGEMENT SELECTION CONSULTANTS 







































ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, London 
W2 IPG 
DEPARTMENT OF IMMUNOLOGY 


POST-DOCTORAL 
RESEARCH FELLOW 
required to join a group working on 
an MRC-supported experimental pro- 
ject on bone marrow transplantation. 
This will be a 2-year study involving 
work in more than one laboratory. 
Experience of in vitro assays 
(especially MLR and CML) and sero- 
logical/tissue typing techniques is 
desirable. Salary up to £10,161 
(including London allowance) 
depending on age and experience. 
Further information may be obtained 
from Professor L Brent (Tel 01-723 

1252). 


Please send curriculum vitae and 
the names of three academic referees 
to the Assistant Secretary (Personnel) 
at above address by 31 January 1985. 

{SOSO)A 





UNIVERSITY OF OXFO! 

















NUFFIELD DEPARTMENT 
PATHOLOGY. 


RESEARCH ASSI 
A post-doctoral Résearc 
required to join a group: 
the study of human lymp 
immunocytochemical techni 
work will involve analysi 
constituents of huma 
biochemical techniqu: 
monoclonal antibodies. AJ 
should ideally have experie 
analysing cell membrane molec 
immunoprecipitation procedu 

The post is supported by the C 
Research Campaign for two yè 
the first instance. 

Salary on the 1A grade for 
sity Research Staff starting pi 
be decided on basis of qualifica 
and experience. 


Applications, with the na 
two referees to Dr. D Y 
Haematology Department, T 
John Radcliffe Hospital, Headin 
Oxford OX3 9DU, from. 
further information may be obtai 
Tel. Oxford 817386. 









































































































c.£10,500 


food/pharmaceutical industry and ideally have some 
experience of corn cereal chemistry. 


The benefits and company are attractive including 
salary in the region quoted plus some assistance with 
relocation expenses where appropriate. 


Male or Female applicants should write with full 
career details or telephone for an application form 
quoting reference 256 to: 


H. Ford, Technological Resources, 
515 Royal Exchange, Manchester, M2 7EN. 
Telephone: 061-832 4596. 


Please specify any companies to whom you do not 
wish your application to be forwarded. 
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Pfizer is one of the largest and most successful research based 
international pharmaceutical companies. It operates two major, 
complementary, R&D organisations, in the US and in Europe. 
The latter has its safety evaluation laboratories in France, near to 
Tours, its discovery laboratories being located in the UK. 


We are seeking an experienced pathologist to direct the 
pathology effort in our 100-strong, multi-disciplinary, safety 
evaluation research centre which is dedicated to the study of the 
toxicology of new drugs in laboratory animals, This task requires 
an interest in and understanding of the complexity of the diverse 

“scientific, medical and regulatory problems associated with 
evaluating the safety of new drugs for use in man. 


The Director will be supported by four other medical or 
veterinary pathologists and an experienced team of technical 
staff. In addition to light and electron microscopy and 
haematology, the department also uses histochemical and 
immunocytoechemical techniques as tools in the pathological 
evaluation. 


The successful candidate will have a medical or 
veterinary qualification and M.R.C.PATH, American 
Board Certification in pathology or equivalent 
professional recognition. Experience of laboratory 
animal pathology in the context of toxicology would 








VIROLOGIST 


he Veterinary Infectious Disease Organization (VIDO), a 
namic and growing research institute located at the Univer- 
ity of Saskatchewan is expanding and has a number of well- 
funded staff scientist, research associate, or post-doctoral posi- 
ions for molecular virologists to join a group studying the bio- 
ygyof bovine rotavirus, cononavirus, adenovirus, and 
erpesviruses. The successful applicant will become part of a 
team but will also have the opportunity to develop their own 
ea of expertise. 
xpertise in modern molecular virological technology is required. 
xpertise in monoclonal antibodies would be a definite asset, 
.pplicants should have a PhD in molecular virology, or 
biochemistry. 
alary range $25,000 — $42,000 Canadian. Salary commen- 
urate with experience. Send resume and the telephone 
umbers of three references to: 
Lorne A. Babiuk 
Associate Director (Research) 
Veterinary Infectious Disease Organization 
University of Saskatchewan 
124 Veterinary Road 
Saskatoon, Saskatchewan, Canada 
S7N OWO 
PHONE: (306) 966-7465 


accordance with Canadian immigration regulations, this 


risement is directed to Canadian citizens and permanent 
: (NW1307)A . 


























iden 


DIRECTOR OF PATHOLOGY 





be an advantage. Fluency in English is essential and the 
candidate, if not French, must acquire a proficiency in French 
within a short period. 


The job will require close collaboration with other disciplines — 
toxicology, opthalmology, biochemistry, pharmacokinetics, 
statistics, etc. And there is considerable opportunity for joint 
exploration of new methods and approaches. Where 
appropriate, publication and attendance at scientific meetings is 
encouraged. As a senior member of the centre the Director will 
have frequent interactions with colleagues in other international 
Pfizer locations. 


in addition to a highly competitive salary benefits include 
pension and life assurance schemes, up to 30 days annual 
vacation and assistance with international removal expenses. 


Applications, should be 
addressed to: 

The Director, 

Centre de Recherche, 

Laboratoires Pfizer, 

BP 109, 

37401 Amboise, Cedex, 


France. 
Tel. (47) 570512 


together with a C.V., 





IMMUNOLOGIST/IMMUNOCHEMIST _ 


Biotechnology Australia Pty Ltd, a subsidiary of CRA Limited, is an 

R and D Company that is seeking to develop the potential of 
biotechnology in Australia, The company is established in fully equipped 
laboratories in the North Shore area of Sydney and has a staff of 
approximately 90. 

A position exists-on a joint Biotechnology Australia — CSIRO project 
which has been established for the development of a non-infectious 
vaccine to coccidiosis, the economically most important parasite 
infection of commercial broiler chickens. Under the leadership of Dr 
K Fahey of the CSIRO’s division of animal health, the appointee will 
be located at Parkville, Melbourne, where extensive poultry handling 
facilities are available. 

Duties: Using the techniques of microbiology, immunology and : 
Immunochemistry, to {1} study the specific antibody and cell-mediated. 
immune response of chickens infected with recombinant: bacteria 
expressing an inserted gene and (2) study the immunogens of various: 
life-cycle stages of eimeria tenella, one of the most pathogenic strains 
of coccidia. 

Qualifications: Applicants should possess a PhD degree or equivalent- 
qualifications in microbiology, biochemistry or immunology. Practical. 
experience with immunochemical techniques used to identify and. 
characterise immunogens would be an advantage. : 
Tenure: The appointment is for a term of 2 years initially, with. 
reappointment for a longer period being dependent on the progress 
of the project. 

The position carries a salary and conditions of employment competitive — 
with other leading research organizations. a 
Applications including a CV and names of two referees should: 
be sent to: 



































Dr G C Woodrow, 
Biotechnology Australia Pty Ltd, 
P O Box 20, 


Roseville. NSW 2069. Australia. (WI1516)A 











Recombinant DNA Specialist post-doctoral level 


f your sights are aimed at the field of genetic engineering. focus 
in on a laboratory where sophisticated technology and the latest ideas 
go hand in hand with the strength of France's n° 1 chemical and 
pharmaceutical group ~ which also happens to be among the top 10 
in the world. The Rhône Poulenc Group provides Génética with 
an industrial scale structure for research, application and sales, thus 
giving Génética every chance to produce broad ranging applications 
and ail of the resulting financial benefits. Ten years ago, the field 
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GENETICA 
PARIS FRANCE 








In the field — 
infini 


GENETICA VOIT GRAND DANS LE DOMAINE DE L’INFINIMENT PETIT. 








of genetic engineering didn't even exist. Today, it is undergoinga < 
remarkable development. If you would like to broaden your professi 
horizons, join a laboratory that really counts in this field. You will find 
your working environment, just thirty minutes from the heart of Paris, 
both pleasant and stimulating. 


Please send your application (résumé) to GENETICA, 
160 quai de Polangis, 94340 Joinville-le-Pont, Paris - FRANCE. 
Telephone Contact in PALO ALTO (USA): Louis or Diana Everstine 
(415) 326.0157. 
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STATE UNIVERSITY 
LEIDEN 


Department of Chemistry, has a VACANCY for a 


professor in structural 
chemistry (f/m) 


vac. nr.: 4-362/2407 
















The position is available in the Division for Inorganic 
Chemistry, Structural Chemistry and Catalysis by 
January 1, 1986. 















Structural Chemistry occupies a central position within 
this division and collaboration with colleagues in this 
division is essential. 

















Teaching duties include: 

— lecturing in ‘diffraction methods and X-ray 
crystallography"; 

— supervising M.Sc and Ph.D students working in the 

area of structural chemistry in collaboration with other 

faculty members. 




















Research should be in the area of biologically important 
molecules, with special attention to oligonucleatides and 
adducts of these with drugs and metal compounds. This 
research is closely related with ongoing projects in 
biochemistry, organic chemistry and coordination 
chemistry about nucleic acids. 









The department of Chemistry includes a faculty of 16 
Professors and about 50 research associates/teaching 
associates. 




















Further information can be obtained from the chairman 
of the search committee, Prof. dr. J. Reedijk, Department 
of Chemistry, Gorlaeus Laboratories, P.O. Box 9502, 

2300 RA LEIDEN. 

















Interested candidates should write not later than 
February 28, 1985 and send a curriculum vitae and names 
of three references to: 

Dienst Personele en Welzijnszaken 

State University Leiden 

P.O. Box 9500 

2300 RA LEIDEN 

The Netherlands. 


fl D 
CGN 
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“Immunobiology 
Program 
‘Department of Medicine, Uni- 
ersity of New Mexico Beginning 
“1/1/85, Post-doctoral position as 
“quest investigator: M.D. or Ph.D. 
with interest and background in 
immunological control mech- 
nisms and idiotype — anti-idio- 
ic control. Previous strong 
iboratory experience and dem- 
trated achievement favoured. 
ply: to: Raiph C. Williams, 
Dept. of Medicine, UNM 
ioo! of Medicine, Albu- 
ue, NM 87131 USA. AA/ EOE. 

: (NW1269)A 

















FACULTY POSITION 
Harvard Medical School 
Beth Israel Hospital 


















rearrangement and DNA repair. 












MA 02215. 






opportunity employer. 
(i 














for Ph.D. with background in 
molecular genetics or molecular 
pharmacology, whose broad in- 
terests are in mutagenesis, gene 


Apply or inquire to: Dr Lowell 
Schnipper, Beth Israel Hospit- 
al-Harvard Medical School, 
330 Brookline Avenue, Boston 
The Beth Israel Hospital is an equal 


W1275)A 


LABORATORY 


POST-DOCTORAL 
RESEARCH ASSISTANT 
IN POLYMER PHYSICS 

Applications are invited for a new line 
of study of biological and synthetic 
polymers within the Polymer Group 
as part of a project, supported by the 
BP Venture Research Unit. 

The project is concerned with the 
characterization of linear macro- 
molecules in solution, with their 
modes of association and with their 
influence on flow fields. The project 
will utilise the chain extending effect 
of longitudinal velocity gradients in- 
cluding chanin stretching, relaxation 
and breakage. The polymers range 
from flexible to rigid including 
polyelectrolytes and the investigations 
embrace effects of the solvent 
temperature and ionic environment. 
Both experimental and theoretical 
aspects will be studied. Familiarity 
with solution and/or structure 
techniques is desirable. 

The post is for two years in the first 
instance, with a salary on the 1A scale 
according to age and experience. 

Applications by letters, with cur- 
riculum vitae and the names of two 
referees, should be. sent to either 
Professor E D T Atkins or Professor 
A Keller, H H Wills Physics 
Laboratory, University of Bristol, 
Tyndall Avenue, Bristol BS8 1TL. 
(5048)A 























































UNIVERSITY OF 
SHEFFIELD 
INSTITUTE OF BIOTECHNOLOGY 
A post-graduate research assistant 
is required for a fixed term post 
working in the area of large scale 
culture of plant cells in a variety of 

bioreactor configurations. 


Candidates should have 
experience in chemical/biochemical 
engineering or have a background in 
fermentation technology. 












Tenable for 3 years. Salary on 
range 1A £7520-£8920 per year. 


Applications, including the names 
and addresses of 3 referees should 
be sent to the Personnel Department 
(Academic staff), The University, 
Sheffield S10 2TN by “28th 
January, 1985"* from whom further 
particulars are available. 5067A 


















WEST MIDLANDS 
REGIONAL CHILDREN’S 
TUMOUR REGISTRY 
RESEARCH OFFICER 


Applications are invited for a co- 
ordinator for the data collection, 
analyses and other research of the 
WMRCTR. The candidate should be 
a science graduate with a higher 
degree and have training in Statistics 
and use of computers. Experience of 
epidemiology or clinical trials an 
advantage. Post to be at Birmingham 
Children’s Hospital. Salary scale — 
£5,937 to £8,725 per annum. 


Details/Application forms from 
Personnel officer, Birmingham 
Children’s Hospital Ladywood 
Middleway, Birmingham B16 8ET, to 
be returned by 16th January, 1985. 

(S037)A 




























Faculty of Science 
DEPARTMENT OF ZOOLOGY 
Applications are invited from suitably 
qualified women and men for 
appointment to the following 
position: 
POSTDOCTORAL FELLOW 


The successful applicant will work or 
a NH & MRC funded project 
involving gene cloning of sheer 
parasites, particularly larval 
tapeworms and liver fluke. Particular 
interest will be centred on these genes 
which code for antigens that are 
involved either in resistance tc 
reinfection or immunopathologica 
phenomena. A principal objective wil 
be to obtain expression of thesi 
antigens in prokaryotic systems. 
Experience in gene cloning techniques 
is essential and some knowledge ol 
immunological procedures would be 
highly desirable. The position is 
funded for 3 years. 





Further information: Mr M J Howell 
in the University (tel: (062) 49 3060 ot 
(062) 49 4225), 


Conditions of Appointment: Salary 
will be in accordance with 
qualifications and experience within 
the range; Postdoctoral Fellow Grade 
1 (at a fixed point) $A21,411 - $24,528 
p.a. 


Grants are provided towards travel 
and removal. Assistance towards 
housing is given to an appointee from 
outside Canberra. Eligible appointees 
will be required to join the 
Superannuation Scheme for 
Australian Universities. Maternity 
leave is available. The University 
reserves the right not to make an 
appointment or to make an appoint- 
ment or to make an appointment by 
invitation at any time. 


Prospective applicants should write 
to the Acting Registrar of the 
University, GPO Box 4, Canberra, 
ACT 2001, Australia, or the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH OPF, 
for further particulars before 
submitting applications, which close 
on 31 January 1985. 


an equal 
(WISIDA 


The University is 
opportunity employer. 


VANDERBILT UNIVERSITY 
Nashville, TN ; 


CARDIOVASCULAR 
RESEARCH CENTER | 
DEPARTMENT OF MEDICINE... 


ASSISTANT PROFESSOR | 


Position available for MD or PhD 
with a minimum of 2 years post- 
doctoral experience in nerve or cardiac 
electrophysiology (voltage/patch 
clamping) and a strong commitment 
to conduct independent cardiac elec- 
trophysiological research. 
Applicants should send CV and 3 
letters of references to Dr Lue 
Hondegham, Stahiman Professor, 
Department of Medicine, Vanderbilt 
University, Nashville, TN 37232, 
Applications must be received 
before February 1, 1985, j 
ANKLES 





CELL BIOLOGY 
| AND PHYSIOLOGY 

Washington University 

School of Medicine 
St. Louis, Missouri 

The Department of Physiology, 
Washington University School of 
dicine; St. Louis, Missouri, is 
“expanding its commitment to 
search in Cell Biology and 
ellular Biophysics. Tenure-track 
-positions are available for investi- 
-gators in the following areas: (1) 
¿membrane protein function and 
biogenesis; {2} assembly, func- 
tion; and movement of in- 
tracellular. organelles; (3) cell 
“motility and contractility; and (4) 
| Gell-cell’.and: cell-matrix interac- 
| tions. Successful candidates will 


| be ‘expected to develop an in-. 


§ dependent research program and 
to participate in the training of 
4 medical and graduate. students. 
| Please submit CV and the names 
_of three references to Dr. Philip 
| Stahl, Department of Physiology, 
{ Washington University School of 
| Medicine, 660 South Euclid 
| Avenue, St. Louis, MO. 63110. 
(An Affirmative Action/Equal Op- 
ortunity Employer. 
portunity Employer) nw1zaq) 


. BIOMECHANICAL 
ENGINEERING 
The Department of Mechanical 
and. Materials. Engineering of 
». Vanderbilt University announces a 
tenure track position at the Assis- 
tant Professor level. The position 
also involves teaching respon- 
sibilities in the area of Mechanical 
Engineering. 
Applicants should submit cur- 
riculum vitae and the names of 
three references to: Chairman, 
Mechanical and Materials 
Engineering, Box 1612, Station 
B, Vanderbilt. University, 
Nashville, TN 37235. Vanderbilt 
University is an. equal oppor- 
tunity/affirmative action 
employer. (NW1284)A > 


Three Demanding Research Roles In 


Biotechnology 


Beckenham, Kent 


Wellcome Biotechnology is a division of The Wellcome Foundation Ltd., a major group of 
pharmaceutical and chemical companies with headquarters in the U.K. and a turnover close to £700m,: 
Located at our main research centre in Beckenham, Kent, the division is engaged in the productio 
research and development of biological products. The Division's Department of Molecular Biolog 
is & young, active research department with interest in. parasitic protozoa, bacterial vaccines and 
biologically active proteins. Three interesting opportunities currently exist to join this team.. 


Protein Chemist 


A key role assisting in the development of methods for the purification and characterisation of 
proteins produced by recombinant DNA methods. You should be a graduate or post graduate, 
with experience in protein purification, protein sequencing and related techniques. 


Cell Biologist/Molecular Biologist 


Prime responsibility will be to carry out fundamental research relating to the expression of foreign 
proteins in mamalian cells. You will be a post graduate with experience in molecular or cell biology: 


Bacterial Geneticist/Protein Biochemist 


A post doctoral scientist with experience in bacterial genetics or the immunochemistry of bacterial 
antigens is required to join a group studying the application of recombinant DNA techniques to 
the development of new bacterial vaccines. 

All candidates will be expected to possess appropriate skills to enable them to participate effectively 
in collaborative research. 


The division is set in an attractive park and estate within easy reach of both Central London and 
the Kent countryside. Our exceptional benefits package includes five weeks’ holiday, 
pension and life assurance schemes, subsidised restaurant and first class sports 

and social facilities. We offer an attractive salary, dependent on ability and 

experience. 

Please write enclosing full C.V. to: Ron Sutton, Senior Personnel 

Officer, Wellcome Biotechnology, Langley Court, Beckenham, Kent BR3 

3BS. (5052)A 


. A POSTDOCTORAL position will be available soon for suitable 
qualified applicants interested in studying regulation of immunity to 
tumors. The research program of the Trudeau institute involves the use 
of animal models of infectious diseases and cancers to analyze 
mechanisms of protective immunity at the physiological and cellular 
levels. Applicants should have some training in Immunobiology. The 
starting salary-in 1984 is $15,000 plus a liberal fringe benefit package. 
Subsidized housing is available. 


The Trudeau Institute is a not-for-profit pure research institute 
` Jocated on the shore of Saranac Lake, 10 miles from Lake Placid, NY. 
Send résumé and names. of three references to: 


Dr. Robert J. North, Director 
Trudeau Institute 

P.O. Box 59 

Saranac Lake, NY 12983 


2 An Equal Opportunity Employer. {NW1257)A 


RESEARCH POSITIONS 


Three Post Doctoral and/or Research Associat 
Positions available for studies on 


a) Novel tissue growth factors. Candidates preferred with experien 
in tissue culture, protein isolation and characterization HPL 
monoclonal antibodies and hybridoma technology; ii 
b) Regulation of cell surface receptors. Candidates with a Ph.D. ir 
biochemistry or molecular biology preferred. Techniques to be us 
are isolation and characterization of membrane receptor proteins usin 
monoclonal antibodies and cDNA cloning sequencing and gene transfe! 
experiments; ; 

c} Developmental and hormonal regulation of gene expres 
Candidates with experience in recombinant DNA, cloning sequencing 
expression vectors and cell transfection studies preferrred. ; 
Submit statement of interest, curriculum vitae and names | 
three references to Dr. Henry G. Friesen, Professor and Head 
Department_of Physiology, The University of Manitoba, 770 
Bannatyne Avenue, Winnipeg, Manitoba, R3E 0W3 canada. 













McGILL UNIVERSITY 


he Department of Microbiology and Immunology 
s seeking to fill three positions with highly qualified 
ndividuals whose research interests are in the 
general areas of molecular immunology, bacterial 
physiology or molecular biology. 


Applicants must possess a PhD or equivalent 
degrees. All positions are tenure track at a level 
ommensurate with qualification and professional 
experience. 















































1 accordance with Canadian immigration 
gulations, this advertisement is primarily directed 
wards Canadian citizens and permanent residents 
f T a Positions are tenable after September 









pplicants are invited to send an updated and 
complete curriculum vitae, a brief outline of 
roposed research together with the names 
nd addresses of three references to: 

Dr. R. A. Murgita, 

Chairman, 

Department of Microbiology and 
Immunology, 

McGill Tanani 

3775 University Street, 

Montréal, P.Q. H3A 2B4, 
CANADA. (NW1285)A 




















:ı to work on all aspects of physical oceanography affecting the movement 
id ‘dispersion of biological organisms and pollutants in the continental shelf 
eas around the British Isles. 

_ You will be responsible for the provision of advice to the Fish Stock 
anagement and Aquatic Environment Protection Divisions on a wide variety 
f oceanographic problems relating to currents and dispersion in coastal 












You should have a good honours degree or equivalent in physical sciences or 
jathematics and at least 2 years relevant post-graduate experience with 
oven research ability in the dynamical oceanography of the continental shelf. 
knowledge of computer data analysis, mathematical modelling or dispersion 
jeasurement techniques would be an advantage. 

: Appointment as Higher Scientific Officer £7435-£10,035, starting salary 
cording to qualifications and experience. 


ELOCATION ASSISTANCE MAY BE AVAILABLE. 


For further details and an application form (to be returned by 
24 January 1985) write to Civil Service Commission, Alencon Link, 
Basingstoke, Hants RG21 1]B, or telephone Basingstoke (0256) 468551 
(answering service operates outside office hours). 
Please quote ref: SB/87/AD. 


The Civil Service is an equal opportunity employer 
ucientific 
5064A wt 


—__—«— Vil Service mums 

















LONDON 
Mullard Space Science 
Laboratory 





Department of Electronic and 
Electrical Engineering 
Torrington Place, 
London, WCIE 7JE 


SATELLITE RADAR 
REMOTE SENSING 
PHYSICIST/PROGRAMMER 


A post doctoral position will be 
available from 1 January 1985 for a 
Physicist/Programmer to work on a 
study of advanced radar altimeter 
techniques. The study is being fund- 
ed by the European Space Agency 
with a view to developing new tech- 
nology altimeters for geophysical 
remote sensing from space. The work 
will be carried out jointly between the 
two UCL departments and col- 
laboratively with the Rutherford Ap- 
pleton Laboratory and British 
Aerospace (Filton). 

Candidates should have experience 
in scientific data analysis and the use 
of computers. Some knowledge of 
electronics would also be useful. 
Salary will be dependant on age and 
experience up to a maximum of 
£10,330 plus USS membership. 


Applicants should send CV contact 
by telephone either Dr C G Rapley on 
030-670 292 or Mr H Griffiths on 
01-387 7050 ext 577. (SO59)A 









































































PURDUE UNIVERSITY 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


POSTDOCTORAL POSITION 


PLANT MOLECULAR 
GENETICS 


Position is available immedialtely to 
work on the molecular genetics of 
Transposable Elements and Gene 
Regulation in Maize. Research ex- 
perience in Molecular Biology re- 
quired. Salary starts at $16,000. 


Send CV and names of three 
references to Dr Jeff Bennetzen, 
Department of Biological Sciences, 
Purdue University, West Laffayette, 
In 47907. An equal opportunity/ 
affirmative action employer. 


(NW1310)A 





ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of Lonson) 
Norfolk Place, London 

W2 IPG 


DEPARTMENT OF 
EXPERIMENTAL PATHOLOGY 


RESEARCH ASSISTANT 


Required for project on experimental 
phototherapy of cancer. Initial salary 
up to £8,753 pa inclusive. Previous 
laboratory experience essential. 
Further information from Dr M C 
Berenbaum in Department of 
Experiemental Pathology. 

Apply in writing with full cur- 
riculum vitae and names and 
addresses of two referees to Assistant 
Secretary (Personnel) at the above 
address by 18 January 1985.(5039)A. 








NIVERS 
CALIFORNIA : 
DEPARTMENT OF ENTOMOLOGY: 
BIOLOGICAL CHEMIST 


Tenure track position for a biological 
chemist to specialize in: biochemistry 
and pharmacology of the insect ner- 
vous system; or biochemical genetics; 
or natural and synthetic products af- 
fecting host-finding and feeding 
behaviour and other insect-host in- 
teractions. A PhD or equivalent 
degree, with research training in 
(molecular or cellular) biochemistry 
required. An 11-month appointment 
at the Assistant Professor level 
available July 1, 1985, consisting of 
60% research and 40% teaching. Ac- 
tivities include development or a 
research program in one of the above 
areas, supervision of graduate 
students, and course instruction. 
Applications accepted until March 
1, 1985, or until a suitable candidate 
is selected. Submit curriculum vitae, 
transcripts, reprints, doctoral disser- 
tation summary, a statement of 
research interests, and names and ad- 
dresses of five referees to: Prof T A 
Miller, Chairman, Search Committee, 
Division of Toxicology and Physiol- 
ogy, Department of Entomology, 
University of California, Riverside, 
CA 92521. The University of Cali- 
fornia is an equal opportunity/affir- 
mative action employer, and en- 
courages applications from minority 
and women candidates. 
(NW1299)A 








UNIVERSITY OF 
MICHIGAN 


DEPARTMENT OF PEDIATRICS 


POSTDOCTORAL 
RESEARCH FELLOW 
Available immediately. Primary 
research interest in analysing cellular 
proteins by 2-D electrophoresis and 
HPLC for the detection of genetic 
varients and of alterations in 
neoplastic cells. The University of 
Michigan is an equal opportunity/af: 
firmative action employer. Send CV 
to Dr S M Hanash, Department of 
Pediatrics, F6515 Mott Children’s 
Hospital, University of Michigan 
Medical School, Ann Arbor, 
Michigan 48109. (NW1300)A 


UNIVERSITY OF 
CAMBRIDGE 
Institute of Astronomy 


POSTDOCTORAL 
ASSISTANT IN X-RAY 
ASTRONOMY 
Applications are invited from 
postdoctoral astronomers to work.on 
the analysis and interpretation.of X- 
ray astronomy data, primarily from 
EXOSAT. The position is available 
for one year and the successful can- 
didate must be in post by 31 March 

1985. 


Applications (including curriculum 
vitae and the names and addresses.ol 
two referees) should be sent. të 
Professor A C Fabian, Institute: ol 
Astronomy, Madingley. Road, 
Cambridge, CB3 OHA, by 15 
February 1985. AMDA 



















_ MELBOURNE, AUSTRALIA 


SCHOOL OF BIOLOGICAL 
SCIENCES 


: POSTDOCTORAL FELLOW 
-IN PLANT BIOCHEMISTRY 
AND MOLECULAR 
BIOLOGY 


(Ref.No,.A0/004/001) 


“Applications are invited for the posi- 
tion of Postdoctoral Fellow in the 
Department of Biochemistry. The ap- 
pointee. will join a research group 
working. on the. development and 

regulation: of B-glucanases in ger- 
minating cereal seeds, with particular 
emphasis on the control of gene ex- 

. pression at a tissue level. The Depart- 
ment of Biochemistry has facilities for 
amino acid and nucleotide sequenc- 
ing, oligonucleotide synthesis and 

“recombinant DNA’ technology. 

The position may be filled by June 
1985 and is funded by the Austrailian 
< Research Grants Scheme for a period 

“of two years. 

“z Applicants should hold a PhD in 

: biochemistry or a related field, and 

“experience in the area of plant 
molecular biology would be an 
advantage. 


Further information regarding the 
position may be obtained from Dr G 
B Fincher (tel: (03) 478 3122, ext: 

<: 2158). 


Closing date: 14 February 1985. 


RESEARCH ASSOCIATE 
IN BIOCHEMISTRY 


(Ref.No.AO/004/002) 


A Research Associate is required to 
work on cyclic AMP metabolism and 
Ca?* mediated processes (including 
protein phosphorylation) in plants. 
The appointee will be a member of a 
research group headed by Dr Gideon 
Polya in the Department of 
Biochemistry. It is expected that the 
successful applicant will commence by 
about mid-1985. The position is fund- 
: ced by the Australian Research Grants 
Scheme for a period of 2 years. Ap- 
plicants must have a PhD in 
biochemistry or a closely related field. 
Further details of the position may be 
obtained from Dr Polya by writing or 
telephoning (03) 478 3122, ext: 2157. 
Closing date: 28 January, 1985. 
Salary: $A21,411 — $22,660. 
Further information and applica- 
tion forms are available from the 
Association of Commonwealth 
(Appts), 36 Gordon Square, London 
WCIH. OPF. Applications marked 
‘confidential’ and quoting reference 
number, should be sent to the Staff 
Officer, La Trobe University, 
Bundoora, Victoria, Australia 3083. 
(WIS09A 


LA TROBE UNIVERSITY _ 





Please mention 





seas Development Administration and collaborates 
with the developing countries to solve agricultural 


-+ to join a multidisciplinary organisation based in 
the Applied Ecology Department. You will lead a 
smail specialist team engaged in research and 
development of termite control for agriculture and 
forestry in developing countries. You will also be 
involved with overseas institutions in developing and 
participating in training courses for scientific and 
technical staff overseas. 

A proven record of post-doctoral ability in 
laboratory and field work is required, together with 
several years’ field experience of assessment of crop 





... to investigate physiological aspects of insect 
pests that will lead to improvement in control 
strategies. You will work in multi-disciplinary teams, 
both in the UK and overseas, developing a 
programme of research related to one or more 
current field projects. 


You must have a good honours degree in a 


-.. to assist with preliminary studies on feeding 
behaviour in Nilaparvata lugens (rice brown plant 
hopper) using video recording, possibly also 
electronic recording, with subsequent analysis of 
feeding behaviour on resistant and susceptible 
varieties of rice to ascertain at which point in the 
feeding process resistant varieties are rejected. 


These studies will be done both at TDRI College 
House and at Cardiff University, utilising their 
N. lugens cultures, greenhouse and laboratory 
facilities. 

H chemical factors are indicated, you will assist 
with studies on surface wax chemistry and/or 


SALARIES: Principal Scientific Officer £13,095 - 
£16,975; Senior Scientific Officer £10,625 -£ 13,350; 
Higher Scientific Officer £8,735-£ 11,335. Starting 
salary according to qualifications and experience 
{includes £1300 Inner London Weighting). 

For further details and an application form (to be 
returned by | February 1985) write to Civil Service 


Tropical Development 
and Research Institute, London 


The TDRI is one of the scientific units of the Over- 


Head of : 
Termite Ecology and Control 


Insect Physiologist 


Pest Management Scientist 


















and health problems caused by crop pests and diseas 
vectors. These posts are based at College House, 
Kensington, London but will involve overseas posting: 















losses due to termite damage, implementation of 
control measures and provision of advisory servic 
on termite problems. You should have world-wide 
knowledge of the Isoptera and their economic © 
significance, with particular emphasis on termite. 
problems in African and Asian agriculture and 
forestry. Experience in culturing termites, particul: 
Macrotermitinae, and knowledge of appropriate 
bioassay techniques would be advantageous. . 
Appointment as Principal Scientific Office: 
Ref: $(A)677. 
























relevant subject together with post-graduate, posi 
doctoral or equivalent research experience in inse 
physiology (at least 2 years for HSO, 4 years for 
SSO). In addition you should be familiar with 
chromatographic and radio-tracer techniques. 


Appointment as Senior Scientific Officer o 
Higher Scientific Officer. Ref: SB/18/JD. 













histochemistry and with the development of a : 
bioassay technique for field testing in the Philippines. 

From February 1985, you will be stationed in the 
Philippines for two visits of approx. 3 months 
duration, to verify the results from the first phase of 
the project. This will involve the bioassay of field- 
collected insects from plots of a range of rice 
varieties at different stages of crop growth, 

You must have a good honours degree or 
equivalent, in biology and at least 2 years’ relevant. 
post-graduate experience. : 

Appointment as Higher Scientific Officer. 
Ref: SB/19/JD. 




























Commission, Alencon Link, Basingstoke, Hants, 
RG2! 1jB,-or telephone Basingstoke (0256) 46855! 
(answering service operates outside office hours): 
Please quote the appropriate reference 
number. 

The Civil Service is an equal opportunity 
employer f 
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IMMUNOLOGIST 


HUMORAL & CELL-MEDIATED IMMUNITY 





he Biomedical Science Department of the General Motors Research 
_aboratories is looking for a postdoctoral fellow with a PhD in Immu- 
ology who is familiar with assays of humoral and cell-mediated immu- 

y; and who has an interest or, preferably, experience in the area of 
pid biochemistry. 


he successful candidate will participate in ongoing research into the 
esponse of immune cells to environmental pollutants such as ozone 
nd nitrogen dioxide. Emphasis is placed on correlating lung responses 
with changes in immune reactivity. The position is nominally open for 
ne year, with possible extension for two. Interested professionals with 
U.S. Citizenship or Visa status that permits legal acceptance of employ- 
ment under U.S. Immigration laws, should send their curriculum vitae 
nd a statement of research interest to: 















Dr. Harold J. White, Acting Head 
Biomedical Science Department 
General Motors Technical Center 
Warren, Michigan 48090-9058 









“An Equal Opportunity Empl 
in Equal Opportunity Employer (NW1301)A 






















Senior Staff Fellow (Ph.D.) 
Salary range — $20,688 to $39,960 
(3-7 years research experience) 


NATIONAL INSTITUTES OF HEALTH 
ATIONAL INSTITUTE OF ENVIRONMENTAL 
___ HEALTH SCIENCES 
LABORATORY OF PULMONARY 
































disease. Biochemistry, cell biology and morphology are 
1 in concert to correlate in vitro studies of macrophages 
ibroblasts with in vivo findings in models of disease 
d by particle inhalation. A talented researcher is being 
zht to add expertise in biochemistry, physical chemistry, 
“mn cell biology, cell physiology or some combination of 
fields. The candidate must have a demonstrated record 
dependent scientific achievement as well as the ability to 
borate in a highly cooperative setting. The initial appoint- 
s for two years, with additional extensions possible for 
tanding individual. Salary is commensurate with the 
idate’s qualifications and experience. Send curriculum 
i peluding a publication list, and three letters of recom- 
dation to: 


Mr. Bruce Wiggins, Code: HN-V27 
NIEHS Personnel Office 
Box 12233 ( 













specialization. 










ing environment. 


















MD 1-01), Research Triangle Park, NC 27709 
(919) 541-3317 


‘AN EQUAL OPPORTUNITY EMPLOYER” 


NW1304)A 




























RESEARCH POSITIONS 


ENZO BIOCHEM, INC., a dynamic company working in 
areas of biomedical research and development, is offering 
research positions to persons with proven competence in 
recombinant DNA, immunochemistry and polymer chemistry. 


+ RECOMBINANT DNA 
Competence in recombinant DNA techniques. Experience in 
bacteriology would be helpful. 


+ POLYMER CHEMIST 
Demonstrated expertise in polymer chemistry. A familiarity 
with biological systems is useful but not essential, 


© IMMUNOCHEMIST 
Experience in novel immunodetection techniques. 


in all disciplines the persons sought must have a Ph.D. 
degree or equivalent and must be able to demonstrate schol- 
arly and creative competence in their respective areas of 


We offer liberal employment terms and a pleasant work- 










DEAN OF SCIENCE — 
CLARKSON UNIVERSITY 


Clarkson University invites applications and 
nominations for the position of Dean and 
Science. Clarkson is a privately endowed 
university located in northern New York State 
with programs in engineering, science and 
management. Clarkson University is the 
home of the world famous institute of Col- 
loid and Surface Science (established in 
1965). The School of Science (established in 
1965). The School of Science is comprised 
of the Departments of Biology, Chemistry, 
Mathematics and Computer Science, and 
Physics. There are about 560 undergraduate 
students enrolled in science programs and 
there are approximately 75 graduate students 
enrolled in M.S. and Ph.D. programs. There 
are approximately 55 tenure track faculty 
positions in the School of Science. 


Candidates should have an outstanding 
record of teaching and research. The Dean 
will be expected to provide leadership in 
bringing both the undergraduate and 
graduate programs to increasingly higher 
levels of excellence. In this regard a major 
effort will be devoted to the continued ex- 
pansion of research and to the recruitment 
of distinguished faculty. 


Please send nominations and applications to: 


Dr. Janos H. Fendiler 

Dean of Science Search Committee 
Clarkson University 

Potsdam, New York 13676 

to arrive not later than March 1, 1985. 
Applications should include curriculum vitae 
and the names and addresses of several 
references. EO/AAE (NW1286)A4 



















N Please send a resume to: 
Personnel Department PO-2 
7 Enzo Biochem, Inc. 


325 Hudson Street 
New York, NY. 10013 


(NW1302)A 












































FACULTY POSITIONS IN 
BIOLOGICAL SCIENCES 
Nominations and applications are 
invited for four to six assistant and 
associate professor tenure-track 
positions available 1 September 
1985. Applicants should have 
| ‘postdoctoral training and excellent 
__fesearch potential in any of these 
areas: cell molecular and 
| developmental biology, genetics, 
“immunology, microbiology, 
neurobiology, or physiology. Ap- 
plicants who use molecular and 
cellular approaches to experimen- 
tal biology. will be particularly 
welcome. One position will be fill- 
ed by a person who will direct a 
. new. electron microscope facility 
housed in the new Science 
Research Building. Successful 
candidates will: be expected to 
develop strong research programs 
Pocapable of attracting extramural 
: Support and participate in teaching 
‘undergraduate and graduate 
» courses and direct M S and PhD 
students. All candidates should 
send detailed résumés, reprints, 
brief description of previous and 
future research interests, and the 
names, addresses, and telephone 
numbers, of three to five referees 
by 1 February 1985 to: Chairman, 
Search Committee, Depart- 
ment of Biological Sciences, 
North Texas State University, 
Denton, Texas 76203. 
An Equal Opportunity / Affirmative 
Action Employer... (NW1295) 



















for the position of 




























Vacancynumber N. 8852. 





























Telephone (0)20-522 4054. 





CHAIRMAN OF PHARMACOLOGY 


Applications are being accepted for the position of chairman of 
pharmacology at the University of Pittsburgh School of Medicine. This 
endowed chair requires an established investigator (M.D., M.D.- 
Ph.D., or Ph.D.) of national reputation with a strong commitment to 
medical and graduate student teaching as well as an appreciation of 
clinical pharmacology. Adequate space and funding for the recruitment 
of new faculty members is available. Inquiries will be held in strict 
confidence. i 
Submit curriculum vitae and bibliography to: 

Thomas J. Gill, HI, M.D. 

Chairman, Pharmacology, Search Committee 

University of Pittsburgh School of Medicine 

Department of Phathology 

716 Scaife Hall 

Pittsburgh, PA 15261 
Closing date: March 31, 1985. ; 
The university of Pittsburgh is an Affirmative Action’ Equal 
Opportunity Employer, NW1276)A 


MEDICAL COLLEGE OF OHIO 
AT TOLEDO 
DEPARTMENT OF BIOCHEMISTRY 


The Department of Biochemistry invites scientists holding Ph.D. 
and/or M.D. degrees to submit applications for appointment as 
ASSISTANT PROFESSOR {tenure track}. Candidates who approach 
problems of cellular control, growth, and development in eucaryotic 
systems in terms of gene regulation and structure are particularly 
encouraged to apply. The Medical College of Ohio is located in a 
growing residential area of Toledo. The Department of Biochemistry is 
-cina modern building with well-equipped laboratories. The Biochemistry 
Faculty have broad research interests including gene regulation, 
‘hormone action, neurochemistry, and enzyme regulation. 
Candidates should submit applications by March 1, 1985 which 
would inctude curriculum vitae, reprints, a statement of planned 
research, and three references to: 
Chairman of Search Committee 
Department of Biochemistry 
Medical College of Ohio 
C.S. 10008, Toledo, OH 43699 
yer 




























(NW1270)A 








Universiteit van Amsterdam 


The Department of Electron Microscopy and Molecular Cytology invites applicants 


professor of microbial physiology (m/f) | 


Applications are invited for a full-time position as Professor in the Department of 
Microbiology. The Department participates in teaching and research programmes of: 
the Subfaculties Biology and Chemistry. 


The succesful applicant should: 2 

e teach microbial physiology. In particular in the framework of the Biotechnological 
Center of the University of Amsterdam 

e undertake, co-ordinate and stimulate research that complements existing 
programmes and ones to be developed within the Biotechnological Center 
(optimalization of product formation by micro-organisms) 

e participate in administrative duties in the Department of Microbiology and in the 
Subfaculties of Biology and Chemistry. 


Applicants must be willing to acquire a sufficient working knowledge of the Dutch 
language, within two years of taking up the appointment. 


Gross salary depends on age and experience and ranges from Dfl. 6,364.- to 
Df. 9,005.- per month (Dutch CivilServants Code). 


Applications are requested, quoting vacancynumber, to send a curriculum vitae, list of 
publications, a description of present research interests and the names of three 
referees - within four weeks - to the Chairman of the Appointment Committee, 

Prof. Dr. N. Nanninga, Department of Electron Microscopy and Molecular Cytology, 
Plantage Muidergracht 14, 1018 TV Amsterdam, The Netherlands, further particulars © 
can be obtained from Prof. Dr. D.W. Tempest, Department of Microbiology, 
Nieuwe Achtergracht 127, 1018 WS Amsterdam, The Netherlands, 


Women in particular are invited to apply. 

















































(WI519)A. 


Postdoctoral Position for a 
Biochemist 


A two-year position is available immediately for a postdoc to work 
isolation, purification, and crystallization of membrane proteins. Thei 
three-dimensional structures will be studied in collaboration wit! 
crystallographers and electron microscopists. ; 
Applications, including cv, details of research experience; lis 
of publications and names of two referees, should be sent t 
Prof W Saenger, Institut für Kristallographie, Freie Universit 
Berlin, Takustr. 6, D-1000 Berlin 33. (W1515)/ 































































THE UNIVERSITY OF CALIFORNIA 
(San Friancisco) 
Dept. of Biochem. & Biophysics 


ASSISTANT PROFESSOR 


The Department of Biochemistry and Biophysics of UCSF has open 
ia track teaching/research positions at the Assistant Profes 
evel. 


Criteria for appointment include: 1) strong teaching skills, evidenced 
by successful command of the subject, presentation skills and skil 
motivating students (Graduate students and postdocs only): 
exceptional research skills, evidenced by wide recognition for qualit 
creativity (originality) and significance, with continued progressive 
application of these skills and; 3) demonstrated interest and involvernen 
with university/public service (faculty, campus policy-making, scholar 
service to the public and to students). Applicants should be specialists 
in molecular aspects of cell, molecular or developmental biology and/o 
genetics 3 

Submit current curriculum vitae and evidence of meetin 
above criteria, including letters of reference, by February 28, 1984 
to: Dr. Bruce Alberts, c/o Gabrielle Bamford, School of Medicine 
Department of Biochemistry and Biophysics $-964, UCSF, Sar 
Friancisco, California 94143. 


An Equal Opportunity / Affirmative Action Employer. 

















(NW1287)4, 





“HARVARD UNIVERSITY 
EXPERIMENTAL ANIMAL 
ECOLOGIST 


The Department of Organic and Evolutionary Biology is seek- 
ng to fill a nontenured professorship in the area of experimen- 
tal animal ecology at the population or community level, work- 
ing in any habitat. Applications are encouraged from individuals 
vith strong experimentat focus in research, but combined with 
a solid background in ecological theory. The incumbent will be 
expected to develop a strong teaching and research program 
volving undergraduate and graduate students. Although the 
position is available beginning July 1, 1985, the starting date 
‘ould: be delayed to permit the completion of a postdoctoral 


hose idian in applying should send a letter describing 
teaching/ research and future plans, a curriculum vitae, copies 
of representative publications, and the names of three in- 
dividuals willing to service as sources of recommendation to: 


LISA WORKMAN, 
DEPARTMENT OF ORGANIC AND 
EVOLUTIONARY BIOLOGY, 
HARVARD UNIVERSITY, 
26 OXFORD STREET, 

CAMBRIDGE, MASSACHUSETTS 02138 

later than February 15, 1985. Harvard University is an Affir- 
mative Action/Equal Opportunity Employer. (NW1309)A 


ASSISTANT PROFESSOR 
Membrane Biology 


Tenure-track positions are available for scientists working in 
brane biology. The successful applicant is likely to be 
rienced in voltage clamp measurements of channels in 
tural membranes, isolated by gigaseals in the patch clamp 
echnique, or of channels reconstituted into artificial bilayers. 
He/she will have a broad interest in the functional role of 
channels and membranes in a variety of cells and tissues. Please 
send curriculum vitae, including the names of three senior 
investigators willing to evaluate your work, and a short (one-to- 
two-page) description of your research goals for the next few 


Robert Eisenberg 
Bard Professor and Chairman 

Department of Physiology 
Rush Medical College 

1750 West Harrison Street 
Chicago, Illinois 60612 

An Equal Opportunity/ Affirmative Action Employer. 
(NW1261)A 


CANADIAN INSTITUTE FOR 
THEORETICAL ASTROPHYSICS/ 
INSTITUT CANADIEN 
D’‘ASTROPHYSIQUE THEORIQUE 


UNIVERSITY OF TORONTO 
Reinhardt Junior Research 
Fellow 


The Institute invites applications for the position of Reinhardt junior 
tesearch fellow. The appointment will be for a 3 to 5 year term, effective 
september 1985. Salary will be commensurate with qualifications and 
research experience since the Ph.D. degree, and will be higher than 
he usual postdoctoral rate. Candidates whose interests lie within the 
ad spectrum of theoretical astrophysics are encouraged to apply. 
Send letter, CV. and arrange for three letters of recommendation 
be sent to: Reinhardt Junior Research Fellowship, CITA 
Council, Canadian Institute for Theoretical Astrophysics, 
University of Toronto, Toronto, Ontario M5S 1A7 by 15 March 


n accordance with immigration regulations, this advertisement 
directed in the first instance to Canadian citizens or permanent 
(NW1296)A 





WISCONSIN- 1ADIS 
DEPARTMENT OF AGRONOMY 


MOLECULAR GENETICIST 
Crop Plants 

is accepting applications for this 
tenure-track position, Assistant 
Professor level. Research (75%) will 
center on the structure, function, and 
regulation of plant genes in nuclear 
and/or cytoplasmic genomes at 
molecular and physiological levels in 
agronomic crop plants. Instruction 
(28%): share the teaching of 
specialized Departmental courses 
and eventually develop a course 
dealing with molecular technology in 
the improvement of agronomic 
crops. Research and communication 
linkages with Departmental plant 
physiologists and plant breeders will 
be encouraged, as will campus-wide 
interactions as a member of the UW- 
Madison Biotechnology Center. 


Preference will be given to appli- 
cants with training and/or experience 
in plant breeding and genetics in 
addition to training in molecular 
genetics and cell biology. Posi- 
doctoral experience is desired. 


Applicants should submit 
curriculum vitae and three letters of 
reference by February 22, 1985 to Dr 
Robert A Forsberg, Chairman, 
Department of Agronomy, Uni- 
versity of Wisconsin-Madison, 
Madison, WI 53706. An equal 
opportunity employer. 

(NW1314)A 





MOLECULAR 
IMMUNOGENETICS 


Junior faculty position available 
immediately for research on human 
and/or murine histocompatibility 
complex. Applicants should have 
either extensive knowledge of MHC 
imunogenetics or sound background 
in molecular biology. 


Send Curriculum vitae and names 
and addresses of three references to: 
Dr Frances E Ward, Division of 
Immunology, Duke University 
Medical Center, PO Box 3010, 
Durham, North Carolina 27710. An 
equal opportunity/affirmative 
action employer. (NWI3BLQIA 


UNIVERSITY COLLEGE 
LONDON 


IMPERIAL CANCER 
RESEARCH FUND 


Tumour Immunology Unit 


CELLULAR 
IMMUNOLOGISTS 


Required for post-doctoral appoint- 
ment to assist with projects involving 
human T-cell clones in collaboration 
with a molecular genetics group to 
work at the Fund’s Tumour Im- 
munology Unit, at University College 
Medical School, London WC1. 

Appointments for three years. 
Salary range £10,220 to £12,505 en- 
try depending on qualifications and 
experience. 

Applications with CV and names 
and addresses of three referees should 
be sent to:- Professor N A Mitchin- 
son, FRS, Tumour Immunology Unit, 
University College London, Gower 
Street, London WCIE. (S062)A 





UNIVERSITY OF | 
ZIMBABWE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES (2 posts) 
LECTURESHIPS/SENIOR 
LECTURESHIPS/ 
ASSOCIATE 
PROFESSORSHIPS 
Post A (Fisheries Biologist): 
Applicants should possess training 
and a proven record of research in 
some aspect of Fisheries Biology 
related to the study of inland waters. 
The successful candidate will be 
required to contribute to under- 
graduate courses at BSc General and 
BSc Honours levels in ecology and 
vertebrates and to appropriate post- 
eraduate courses in his area of 
specialisation. A PhD or equivalent 
research experience would be the 

normal minimum qualification, 


Post B (Cell Biologist): A lecturer 
is sought to provide basic under- 
graduate courses in cell biology to 
this multidisciplinary department. In 
addition to introductory courses the 
lecturer would be expected to 
contribute to specialised Honours 
and postgraduate programmes. In 
this respect interests in immuno- 
biology or development would be of 
particular value to the Department 
but candidates from any area of celf 
biology are encouraged to apply. A 
PhD or equivalent research 
experience would be the normal 
minimum qualification. 


Salary Scales. Lecturer: Z$11,880 
-$20,076 (including allowance). 
Senior Lecturer: Z$20,580-$23,400 
(including allowance). Associate 
Professor: Z2$21,084-$23,904 
(including allowance). Appointment 
on the above scales according to 
qualifications and experience. 


Conditions of Service: Both 
permanent and short-term contracts 
are offered. Persons who are not 
Zimbabwean citizens may be 
appointed only on short-term 
contract basis with an initial period of 
two years. Short-term contracts may, 
in exceptional cases, be extended. 


Six copies of applications giving 
full personal particulars (including 
full name, place and date of birth, 
etc), qualifications, employment and 
experience, present salary date of 
availability, telephone number and 
names and addresses of three refer- 
ees, should be addressed to the: 
Director, Appointments and Per- 
sonnel, University of Zimbabwe, PO 
Box MP 167, Mount Pleasant, 
Harare, Zimbabwe (telex: 4-152: 
ZW). Applicants in the UK should 
send an additional copy to the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, Londen 
WCIH OPF, from whom further. 
particulars available. Closing date 
for receipt of applications is 8 
February 1985. 


(WISI8)A 
Please mention 


nature | 


when replying to — | 
these advertisements 





LIVERPOOL 


DEPARTMENT OF 
PHARMACOLOGY & 
THERAPEUTICS 
BRISTOL MYERS 
LECTURESHIP IN 
CARDIOVASCULAR 
‘PHARMACOLOGY 
(non clinical) 


Applications are invited for the above 


lectureship, funded by Bristol Myers 
Pharmaceauticals for a period of 5 
years. It is hoped that applicants will 
recently have obtained a higher degree 
ina relevant subject. 


Initial salary within the range 
£7,520 — £9,390 per annum on a scale 
of rising to £14,925 per annum. 


Application, together with the 
names of three referees, should be 
received not later than 31st January, 
1984, from whom further particulars 
may be obtained. Quote Ref: 
RV/919/N. (5045)A 


ENDOWED CHAIR 
“PROFESSOR OF PHYSICS 


The UCLA Physics Department has 
an open Endowed Chair position. An 
appointment will be considered in 
experimental and theoretical physics 
in any of the following fields: High 
and Intermediate Energy, Low 
Temperature, Condensed matter and 
Statistical Mechanics, Plasma and 
Astrophysics (theory only). The 
successful candidate will have a 
regular University of California 
tenured faculty position; the endow- 
ment income will support the candi- 
date’s program.. The successful 
candidate will be expected to lead an 
internationally recognized research 
program, and ‘to teach at the graduate 
and undergraduate level, Applicants 
should send a curriculum vitae, a 
brief statement of past, present and 
future research interests, and the 
names of 5-10 referees to C F Kennel, 
Chair Search Committee, Depart- 
ment of Physics, University of Cali- 
fornia, Los Angeles, CA 90024. The 
University of California is an affirm- 
ative action/equal opportunity 
employer. (NW590)A 


QUEEN MARY COLLEGE 
University of London 
CHEMISTRY DEPARTMENT 


Applications are invited for 
appointment as 


GRADUATE RESEARCH 
ASSISTANT 


in Organic Chemistry from January 
1985 (or as soon as possible 
thereafter) on a 3-year SERC- 
funded project involving invest- 
igation of novel carbanion chemistry 
and its application to total synthesis, 
under the supervision of Dr NS 
Simpkins. 


“Candidates should have a good 
honours degree in Chemistry and 
will be encouraged to register for a 
higher degree. 


Applications, enclosing c.v. and 
frames of 2 referees, should be made 
as- soon as possible to the Senior 
‘Personnel Officer, Queen Mary 
‘College, Mile End Road, London 
ET4NS. 5068A 





UNIVERSITY OF 
BIRMINGHAM 
FACULTY OF MEDICINE 
AND DENTISTRY 


DEPARTMENT OF IMMUNOLOGY 
RESEARCH FELLOW IA 


Applications are invited for a 
postdoctoral appointment to join a 
group working on the defferentiation 
of human myeloid cells and biology 
of the acute myeloid leukaemias. The 
post is available for up to 2 years. The 
successful candidate may undertake 
research in one of the following areas 
of investigation in progress: 

a) The production and characterisa- 
tion of monoclonal antibodies to in- 
tracellular antigens of myeloid cells. 


b) biochemical and molecular biology 
studies of human myeloid cells 
c) the growth of human myeloid cells 
in vitro. 

Technical assistance will be provid- 


ed. Salary in the Grade 1A range 


£7,520 — 
superannuation. 


Further details may be obtained 
from Dr G Brown (021 472 1301 ext. 
2481). Applications (three copies) 
with full curriculum vitae and the 
names and addresses of two referees 
to Assistant Registrar Medical School, 
Birmingham, B15 2TJ, by 3lst 
January 1985. Please quote ref: 
RF/Imm/GBI. (5061)A 


£12,150 plus 


ST. GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


DEPARTMENT OF PHYSIOLOGY 


DEPARTMENTAL 
TECHNICIAN, GRADE 5 


required primarily to assist research 
in laboratories studying basic and 
applied physiology. Appointment at 
a lower grade would be considered 
for qualified candidates who will 
require training to supplement this 
experience. Salary scale £6,581- 
£7,684 pa plus London allowance of 
£700 pa. Application form and 
further details from the Personnel 
Officer, St George’s Hospital 
Medical School, Cranmer Terrace, 
London, SW17 ORE. Closing date 
25th January 1985. (SOTIDA 


UNIVERSITY OF OXFORD 


NUFFIELD DEPARTMENT OF 
PATHOLOGY 


RESEARCH ASSISTANT 


Applications are invited from 
graduates with a.good honours degree 
in biochemistry/biology to work as 
personal Research Assistant to the 
Head of the above department. 

Current research includes Oncogene 
expression in tumours and patho- 
biology of liver disease. 


The appointment is on the Univer- 
sity’s Research Staff Grade 1B (£6,600 
to £10,330), depending on qualifica- 
tions, age, and experience. 

Applications with curriculum vitae 
and the names of two referees should 
be sent, by the 3ist January, to 
Professor J O’D McGee, Nuffield 
Department of Pathology, Level 1, 
John Radcliffe Hespital, Headington, 
Oxford OX3 9DU. Tel. Oxford 
817249, from whom further details 
are available. (S043)A 


“NORDITA 
COPENHAGEN 


ASSISTANT PROFESSOR IN — 
THEORETICAL NUCLEAR PHYSICS 
— INTERMEDIATE ENERGY ~ 
PHYSICS 


NORDITA, the Nordic theoretical physics institute, located: 
the Niels Bohr Institute of Copenhagen. University. ha 
opening starting September 1985 for an assistant profess 
theoretical Nuclear physics. nuclear physics will be interpr 

in the broadest terms including the areas of nuclear stru 
intermediate energy physics, the effects of quarks and o 
degrees of freedom in nuclear phenomena, as well as 
phenomena to be expected in ultra relativistic collisions of hea 
nuclei. 

The successful applicant is expected to guide fellows at roughh 
the postdoctoral level and to interact with colleagues al 
NORDITA and elsewhere in the Nordic countries. The positior 
provides excellent opportunities to pursue original research, t 
travel to other institutes and to meetings, and to invite gue 
scientists. 

The initial appointment will be for three years, with t 
possibility of renewal up to a total of six years. The annual sal 
will be in the range of 190.000 - 270.00 Danish Kroner dependi 
on experience. 

Those interested in the appointment should s 
curriculum vita, a list of publications and the name 
three referees before 15 February 1985 to the Direc 
Nordita, Blegdamsvej 17, DK-2100 Copenhagen 
Denmark. There is no restriction on the nationality of t 
applicant. Those wishing to recommend suita 
candidates are urged to contact the Director. 


(W1507 


University of Cambridge 
BEHAVIOURAL NEUROENDOCRINOLGIST/ 

NEUROBIOLOGIST : 
Graduate research assistant (preferably post-doctoral) required to join 
multidisciplinary group studying the neuroendocrine regulation O 
behaviour. Computational and/or neurobiological skills especially 
welcome. Initial appointment for one year, with the possibility o 
extension to a maximum of five years. Applicants should se 
curriculum vitae, and arrange for reports from two referees to 
sent directly to: Mrs Jane Pratt, Department of Anatomy. 
University of Cambridge, Cambridge CB23DY. (5075)A 


THE MEDICAL COLLEGE OF 
ST. BARTHOLOMEW’S HOSPITAL 
Department of Medical Microbiology 


POST DOCTORAL 
RESEARCH ASSISANT 


Applications are invited for a postdoctoral research posit 
(MRC funded) to work on the genetics of virulence determina 
in clostridium difficile. Applicants should have a Ph.D. 
Biochemistry or related discipline. Preference may be giv 
those with experience in molecular biology prot 
biochemistry, and immunochemical techniques. 


Salary Range 1A plus £9,860 — £10,720 plus £1 1233 p 
London Allowance. 


The position is immediately available although the starting da 
is negotiable and will be for a period of 3 years. Applicatit 
(along with names of two referees) should be sent to D 
S. Tabaqchali, Department of Medical Microbiology, 
Bartholomew's Hospital, West Smithfield, London EC1A.7BE 


Closing date: 18th January, 1985. (5036)A © 


















ions are invited from senior faculty for the position of 
fessor and chairperson of the Department of Zoology, 
izona State University. The department consists of 28 fac- 
ilty, 60 graduate students and undergraduates with majors in 
iology, Zoology, and Wildlife Biology. Strong graduate pro- | 
rams exist in the areas of behavior, ecology, systematics 
enetics, cell and. developmental biology, and physiology. 
pplications are sought from individuals who have 
demonstrated excellence in teaching, scholarly productivity in 
an active research program, and the ability to provide ad- 
ministrative leadership. The position will be available 1 July, 
1985, but this is negotiable. Nominations or letters of applica- 
ion ‘accompanied by a curriculum vitae listing names, ad- 
dresses, and telephone numbers of five references must be 
received by 15 February, 1985. 
: Dr. James P. Collins 
Chairperson Search Committee 

Department of Zoology 

Arizona State University 

Tempe, Arizona 85287 

Telephone: (602) 965-4578 
‘ona State University is an Equal Opportunity/Affirmative 
Action:Employer and encourages applications from women and 

embers of minority groups. (NW1308)A 

















VICAL RESEARCH INSTITUTE OF MONTREAL 
Montreal, Canada 
PEPTIDE CHEMISTRY 


The following two positions are available: 


RESEARCH ASSOCIATE 


lis staff position requires experience in synthetic peptide chemistry, 
peptide purification and spectroscopic techniques. Expertise in 
“synthetic organic chemistry would be a further asset. The successful 
candidate will work on structure-activity studies of neuropeptides. 


POSTDOCTORAL FELLOW 


“Applications are invited for a peptide chemist to work on the design, 
ynthesis and purification of analogs of the atrial natriuretic factor 
NF). The appointment will be for two years. 

th positions are available immediately. Applications with CV 
d names of referees should be sent to: 

Peter W. Schiller, Director, Laboratory of Chemical Biology 
Peptide Research, Clinical Research Institut of Montreal, 
Pine Avenue West, Montreal, Quebec, Canada H2W 1R7. 
















accordance with Canadian immigration regulations, priority will be 
en to Canadian citizens and permanent residents of Canada; 
vever, others are strongly encouraged to apply. (NW1313)A 

















DIRECTEUR INRS-OCEANOLOGIE 


RIMOUSKI. QUEBEC 


jational de da Recherche Scientifique (an integral part of the Universite du Quebec) is 
aitively:for a Owector for its oceanographic research centre located m Rimouski Quebec 



















scientists are active in the fields of physical oceanography. manne geology. manne 
ure aed work together as mulidisapiinary teams 

3 research programmes and ther teaching components He 15 also 
including the Laboratowe oceandiogique de 





ration ol the centre 
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NEW JERSEY RUTGERS MEDICAL SCHOOL 


DEPARTMENT OF MEDICINE 
POSTDOCTORAL RESEARCH ASSOCIATE 


Two positions are available immediately to study biochemistry and f 
molecular biology of connective tissue proteinases and theirinhibitors. = $ 
Experience in protein chemistry, enzymology, recombinant DNA tech: P 
nology and/or immunochemistry desirable but not essential. Send: 
curriculum vitae and names of three references to: Dr. Hideaki 
Nagase, Department of Medicine, UMDNJ -Rutgers Medical | 
School, Piscataway, New Jersey 08854, : 


An equal employment opportunity/affirmative action smolyer. 















(NWIZTIJA 








THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF BIOCHEMISTRY 
PRE-DOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for the 
above post for experimental work on 
the development of novel anti-cancer 
drugs and systems for the 
determination of their mode of 
action. The work is supported by the 
Yorkshire Cancer Research 
Campaign. The appointment is 
available immediately for a fixed 
term of three years. 


Applicants should hold a good 
honours degree in molecular, 
biological or chemical science or its 
equivalent. 


Salary within the IB Range for 
Research and Analogous Staff 
(£6600 -- £8920) according to age, 
qualifications and experience. 


Informal enquiries may be made to 
Dr J H Parish (Tel 0532 431751 Ext 
7521). 


Application forms and further 
particulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT, quoting reference no. 83/58. 
Closing date for applications: 25 
January 1985. 

(S065)A 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


DEPARTMENT OF MEDICINE 
ENDOCRINOLOGY 


SENIOR RESEARCH 
OFFICER 


Applications are invited for the post 
of Senior Research Officer at the 
Royal Postgraduate Medical School. 
The successful candidate would be at 
least a year post-doctoral and 
preferably have experience in at least 
one of the following:- radio- 
immunossay, peptide receptors, 
peptide physiology or pharmacology. 
The group is pursuing original 
research in neurohormonal regulatory 
peptide physiology and pathology, the 
basic aim being to throw light on the 
aetiology or mechanism of human 
disease. 

The post is MRC funded until 
November 1987 and the salary would 
be within the range £7,520 to £10,720 
plus £1,233 London Allowance a year, 
on Range IA for University non 


| clinical research staff. 


Application forms may be obtained 
from the Personnel Office, Royal 
Postgraduate Medical. School, 150 
Ducane Rd.; London W12 OHS 

N: 


Closing Date: be (5038)A 














THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF CERAMICS 
RESEARCH FELLOW 


Applications are invited for the 
above post fer work on a Research 
Programme concerned with the pro- 
duction of tungsten carbide 
components by novel methods. The 
work will form part of the CERC’s 
Powder Processing programme. 


A good honours degree in one of 
the Physical Sciences and a relevant 
PhD or equivalent experience are 
required. 


The post is available for a fixed 
period of up to 18 months from Ist 
April 1985. 


Salary on the IA Range for 
Research and Analogous Staff 
(£7520 - £12150) according to age, 
qualifications and experience. 


Informal enquiries may be made to 
Dr W E Worrall (0532 431751 Ext 
449). 


Application forms and further 
particulars may be obtained from 
The Registrar, The University, Leeds 
LS2 9JT, quoting ref no 62/15. ii 


Closing date for applications 25th 
January 1985. (SO7T8)A 


UNIVERSITY OF LONDON: 
INSTITUTE OF 
PSYCHIATRY 


DEPARTMENT OF 
NEUROPATHOLOGY 
RESEARCH ASSISTANT 
Applications are invited from 
graduates with a good honours 
degree in Biological Sciences for the 
post of Research Assistant. The 
project, supported by the MRC for 
three years, involves a study of brain 
development by the use of light and 
electron microscopy, immunocyto- 
chemistry, autoradiography and 
tissue culture. The Research 
Assistant will work in a well 
equipped department with a team iof 
young scientists. : 













Starting salary on IB scale 
research workers in the range £6600 
— £7980 pa plus £1233 pa London 
Allowance. 





Further information can ‘be 
obtained from Professor P L Lantos: 
Tel 01-703 8403. For application 
form please send stamped addressed 
envelope to the Assistant Secretar: 
Institute of Psychiatry, De Crespi 
Park, Denmark Hill, London SE 
8AF to whom completed applications: 
with a curriculum vitae and the names 
of two referées should be returned b 
1 February 1985. 
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THIN LAYER (© SLAB GEL AND PREP 


ELECTROPHORESIS 








= PEPTIDES = AMINO ACIDS 
= NUCLEOTIDES = HORMONE CHAINS 
= SUGARS = DANSYL PERIVATIVES 


The TLE20 Tank is ideal for running 20 x 20cm Mylar 
backed TLE plates under varsol and will provide 
unmatched resolution and reproducibility Features 
removable rack; compact construction; small buffer 
volume; independent interlock ... Thin Layer 
Electrophoresis alone or in conjunction with Thin 
Layer Chromatography offers the researcher unlimited 
possibilities in the fractionation of a wide variety of 
molecular species. 


Model HV1000 — 1000 Volt/200 Ma Power Supply is 
ideal for this and most other applications 


Savant 














= RNA 

= PROTEINS 

= DNA 

= ENZYMES 
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Savant offers the following variety of cells and other accessories 
which are now widely used by researchers who depend on 
Acrylamide Gel for the Analysis and Separation of complex 
biological mixtures 


Model 1310 Slab Gel Electrophoresis Cell for 13cm x 10cm long gels 
Model 1320 Slab Gel Electrophoresis Cell for 13cm x 20cm long gels 


Model SGD200 Slab Gel Dryer for two 10cm long gels or one 
20cm long gel 

Model PAGI5WC Preparative Gel Cell ideal for 23S, 26S, 28S 
RNA Species and others 


Model CVR300 Regulated Power Supply constant voltage 
(300V) or constant current (200Ma) 


Write for illustrated literature 


SAVANT INSTRUMENTS, INC. 
221 Park Avenue, Hicksville, NY 11801 © (516) 935-8774 
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Our continuous flow Mass Culturing 
Technique (MCT*) is cell driven— 
custom designed in each instance to 
fit the needs of a particular cell. 


Critical factors such as the culture 
chamber and the growth medium are 
custom designed. The removal of 
metabolic wastes, the removal of cells 
when cell density becomes too high, 
the continuous harvesting of product 
and purification techniques are on line 
and controllable. All are combined 
and adapted to fit your cell’s lifestyle. 
When you think of it, that’s very 
special response. 


BIO-RESPONSE. inc. 


1978 West Winton Ave., Hayward, CA 94545 
Telephone: 415 786 9744 
Telex: 643476 


*Trademark of Bio-Response, Inc 
Circle No.02 on Reader Service Card. 
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Life-stages of the coho salmon, including (top to 
bottom) fry, which live in streams, silver fish, which 
grow in the ocean and male and female adults, which 
breed in the streams, Two alternative life histories exist 
for these fish, both being evolutionarily favoured (p.47). 
Photo: Ministry of Supply and Services, Canada. 
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Multiple Cioning Site 


GAATTCGAGCTCGGTACCCGGGGATCCTCT AGAGTCGACCTGCAGGCATGCAAGCTTGGC 
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Another First from Pharmacia! 


Once again Pharmacia is first to offer new additions to your M13/pUC 
system. A complete line of vectors, linkers, primers, and now the latest 


cloning/expression/sequencing plasmids, pUC 18 & 19. Available direct 
from your local Pharmacia office today. 
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POSTDOCTORAL 
RESEARCH ASSOCIATE 


position available immediately to 
study molecular mechanisms of 
ion transport across epithelial 
plasma membranes. Research 
experience with membrane 
protein isolation or with 
reconstitution of transport in 
roteoliposomes preferred, 
‘osition offered for up to four 
years at starting annual salary of 
15,000 — 25,000 depending on 
qualifications. Potential for 
: extension as non-tenure-track 
faculty member. Send curriculum 
vitae and three letters of 
recommendation to: Dr Peter S. 
Aronson, Department of 
Physiology, Yale University 
School of Medicine, PO Box 

33, New Haven, CT Q, 
NW1223)A 











SOUTH MANCHESTER 
HEALTH AUTHORITY 


CHRISTIE HOSPITAL AND 
HOLT RADIUM INSTITUTE 


PATERSON 
LABORATORIES 


DEPARTMENT OF BIOCHEMICAL 
GENETICS 


POST-DOCTORAL 
BIOCHEMIST 


To provide expertise in enzyme 
urification under a CRC programme 
o investigate the molecular 
mechanisms of acquired resistance 
and purine analogues and DNA 
damaging agents. The successful can- 
didate will probably have experience 
iin enzymology, immunochemistry or 
membrane biochemistry. 


The post is available from ist April 
1985, initially for 2 years at a salary 
appropriate to age and experience on 
the MRC Scientific Officer scale. 

Applicants are invited to send their 
CV to Dr Margaret Fox, Paterson 
Laboratories, Christie Hospital, 
Wilmslow Road, Withington, Man- 
chester 20 by 14th February, 1985. 

(5060)A 


UNIVERSITY OF TORONTO 
DEPARTMENT OF BOTANY 
ASSISTANT PROFESSOR 


The Botany Department, University 
of Toronto is seeking candidates in 
genetics for a tenure-stream faculty 
position at the Assistant Professor 
level. 


Applicants should have an interest 
in research and teaching plant popula- 
tion genetics and/or plant devel- 
opmental genetics. Salary will be at 
the Assistant Professor level and com- 
mensurate with experience. The suc- 
cessful candidate will be expected to 
teach plant genetics, conduct an in- 
dependant research programme and 
collaborate with other faculty in the 
Department in the development of ac- 
tive research group in genetics. 

The successful applicant’s appoint- 
ment would start on or as soon as 
possible after July 1, 1985. Candidates 
should submit cv and arrange for 3 
letters of reference to be sent to: Dr 
J P Williams, Chairman, Department 
of Botany, University of Toronto, 
Toronto, Ontario MSS IAI. 

Closing date for receipt of applica- 
tions is February 15, 1985. 

This position is subject to final 
budgetary approval. (NW1305)A 











POSTDOCTORAL OR 
RESEARCH ASSOCIATE 
POSITION 


available immediately for 2 to 3 
years, to participate in studies 
involving molecular cloning and 
expression of viral genes. 
Should have previous experience 
with recombinant DNA tech- 
niques. 

Salary negotiable, depending on 
experience. 

Send curriculum vitae and 
three letters of reference to: 
Dr. Richard Compans, 
Department of Microbiology, 
University of Alabama at 
Birmingham, Birmingham, AL 
35294 


An ‘Affirmative /Equal Opportuni 
Employer. (NW1290)A y 





THE UNIVERSITY OF 
MANCHESTER 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSOCIATE IN 
SYNTHETIC ORGANIC 
CHEMISTRY 
Applications are invited for a 
Postdoctoral position supported by 
SERC, to work on the Total Synthesis 
of Biologically-important Natural 
Products from Carbohydrates, in col- 
laboration with Dr T K M Shing. A 
knowledge of carbohydrate chemistry 
is not essential. The appointment is 
tenable for an initial period of one 
year from October Ist, 1985, with the 
possibility of renewal for a further 

two years. 


Salary range pa: £7,520 — £8,920 
(Superannuation). 


Applications, enclosing a cur- 
riculum vitae and the names and 
addresses of two referees, should be 
addressed to Dr T K M Shing, 
Department of Chemistry, The 
University, Manchester M13 9PL. 

(5054)A 


INSTITUTE OF ANIMAL 
PHYSIOLOGY 


DEPARTMENT OF CELL BIOLOGY 


POST-DOCTORAL 
APPOINTMENT 
Applications are invited for a 3 year 
post-doctoral appointment for studies 
on steroid hormonal control of in- 
testinal calcium-absorption. The pro- 
ject will involve the cloning of genes 
involved in this process and the 
recognition of their regulatory 

regions. 

Experience in recombinant DNA 
techniques is desirable. 

The appointment is supported by 
an MRC grant. Salary will be on a 
scale from £8,080 according to age 
and qualifications. 

Applications together with a cur- 
riculum vitae, a statement of research 
interests and experience and the 
names of two referees should be sent 
by 25th January, 1985 to Dr D E 
Lawson, Institute of Animal 
Physiology, Babraham, Cambridge 
CB2 4AT. (806A 





„tëre, UNIVERSITY OF UMEA, 
SWEDEN 


g 
40> Unit for Applied Cell 
and Molecular Biology 


MOLECULAR BIOLOGIST 
i If F10- F20 (ref nr 116) 


This newly formed Unit is made up of groups working with the 
molecular genetics of soil microorganisms, degradative pathways, 
problems related to growth regulation, growth and differentiation 
factor production, tissue specific gene expression and expression 
systems in pro- and eukaryotic cells. Neighbouring institutes in 
immunology, Microbiology, Genetics, Biochemistry and Chemistry 
provide a nice intellectual and technological atmosphere for people 
interested in applying molecular approaches to relevant biological 
problems. The laboratory building is new and optimally equipped. 

A Postdoctoral position (Forskningsassistent) is available starting 
January 1985 for work on molecular biology of soil bacteria. The 
candidate, with a Ph.D. (or equivalent) degree, and experience in 
molecular biology is expected to work on development of cloning 
systems, degradative pathways, gene expression or membrane 
molecular biology of Pseudomonas and other soil bacteria. 

The contract period is initially for 3 years but may be extended. 

For information contact Prof M Bagdasarian, Unit for Applied Cell and 
Molecular Biology, University of Umea . 

Applications with cv, list of publications and the names of two 
referees should be sent to the University Administration, 
University of Umea, S-901 87 umeA, Sweden. Please mention 
ref number in the application. 

Expiring date for applications is January 18, 1985. 


xxx ie 





(WI5T7)A 


THE MEDICAL COLLEGE OF 
ST. BARTHOLOMEW’S HOSPITAL 
LABORATORY OF PAEDIATRIC GASTRONENTEROLOGY 


A POSTDOCTORAL 
IMMUNOLOGIST 


is required to join an existing research group involved in a 
multidisciplinary study of Crohn's disease. The successful candidate 
shall have a PhD in a subject concerning cellular immunology, 
preferably with human cells. The individual’s research will study, in 
general, immunosuppressive mechanisms in Crohn's disease, both of 
peripheral blood lymphocytes and of intestinal cells, and the person will 
work in close collaboration with the clinical staff. The post will be 
funded by the Crohn's in Childhood Research Association (CIRCA) for 
three years and is available immediately. Salary in the range of £7,520 - 
£9,390 + £1,233 London weighting, depending on experience. 


Applications including full CV and the names of two referees 
should be sent to Dr. Robert Dourmashkin, Laboratory for 
Paediatric Gastroenterology, St. Bartholomew's Hospital, 
London EC1A 7BE, by January 31st 1985 (tel. 01-606 0721). 

(5073)A 


TWYFORD PLANT LABORATORIES 


Baltonsborough, Glastonbury, Somerset 


A position exists for a Research Scientist to co-operate in the 
establishment of programmes aimed at plant propagation by embryo- 
genesis. The applicants should have a PhD or equivalent experience in 
this area of work. The successful applicant will be responsible for 
research into the development, operation and trialling of research scale 
systems and will participate in scale-up to production level operations. 
The position will invoive overseeing and controlling the work of 
technicians and assistant scientists and some proportion of work will 
involve administrative duties. The successful applicant will have 
customer contact, and be expected to contribute to conference 
presentations and publish in appropriate journals. 
Applications with full CV and 3 references to: 
Research Director 
Twyford Plant Laboratories Ltd. 
Baitonsborough, 
Glastonbury, 
Somerset BAG 80G. 


Closing date: February 1st 1985. 


Wo 
Of 


(5076)A 
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‘Scientist, Drug Metabolism & 
“Pharmacokinetics. In Irvine, CA. 
Resp. for developing drug 
metabolism research group. 
Estab. methods & procedures for 
conductin experiments. 
Monitors advances in field & 
intros. to lab. Trains staff in drug 
metab. techniques & organizes, 
assigns & evals. work. Evals. data 
& preps. tech. reports. Conducts 
experiments & i.d.’s novel 
metabolites. Participates in drug 
design & devel. as relates to 


metabolism. Coords. activities 
w/Pharmaceutics Research, 
Drug Devel., Analyt. Chem., & 
other R&D Grps. to advise re: bio- 
disposition. Reqs. Ph.D. Pharma- 


| ceutical/Medicinal/or Biochem. 
2-4 yrs. exp. Must have exp. w/ 
techniques & meths. used in drug 
metabolism & biodisposition 
studies. Have thorough knowl. n 
& exp. W/ state-of-the-art 
analyt. meths. & equip. (i.e. hi 
field nuci. magnetic resonance, hi 
fesolut. mass spectrometry, hi 
perf. liquid/ gas chromatography, 
u.v, spectroscopy, etc.) for i.d. 
trace amnts. of unknowns. 
Knowl. of princs. & prac. of med. 
chem. & org. synth. $38,000/yr. 
Send this ad & your résumé to 
Dept. NM, P.O. Box 18768 
irvine, CA 92713, not later than 
‘V 18/ 85. (NW1315)A 





OXFORDSHIRE HEALTH 
AUTHORITY 
DEPARTMENT OF MEDICAL 
GENETICS 
Churchill Hospital 


SCIENTIFIC OFFICER 


Applications are invited from 
graduates with an appropriate first or 
upper second class honours degree 
for the post of Scientific Officer 


oe (Basic Grade) in the Cytogenetics 


Laboratory of the above 
Department. This laboratory 
provides a chromosome diagnostic 
service to the Oxford Region and the 


<io Scientific Officer will, after training 


if necessary be capable of culturing a 
range of human tissues, processing 
the cultures, preparing chromosome 
slides and analysing the preparations. 
The salary will be in the range of 
£5937 - £8725 depending upon quali- 
fication and experience. The post will 
be available from I March 1985. 


«Application forms from the Per- 

sonnel Officer, Churchill Hospital, 
Headington, Oxford. Tel. Oxford 
64841 Ext. 228. 


Closing date: 17th January, 1985. 
(S077)A 


VANDERBILT UNIVERSITY 
H FORT FLOWERS CHAIR 
OF MECHANICAL 
ENGINEERING 
The Department of Mechanical and 
Materials Engineering of Vanderbilt 
University announces an endowed 
professorship, the H Fort Flowers 
Chair of Mechanical Engineering. Ap- 
plications and nominations are invited 
for this distinguished position. Can- 
didates for this endowed chair must 
hold academic qualifications and 
credentials that are appropriate for an 
appointment as a professor with 
tenure. Selection criteria include a 
distinguished record of research con- 
tributions in Mechanical Engineering 
and the ability to contribute to the 
PhD program in Mechanical Engi- 
neering and strengthen the Mechan- 
ical Engineering faculty in the general 

area of design. 


Applications and nominations are 
desired by February 15, 1985, and 
should be sent to: Dr A M Strauss, 
Chairman, Vanderbilt University, 
Dept of Mechanical & Materials Eng, 
Box 1612, Station B, Nashville, TN 
37235. 


An Equal Opportunity Affirmative 
Action Employer. (NW1291)A 





UNIVERSITY OF FLORIDA 


PLANT MOLECULAR 
BIOLOGY 


DEPARTMENT OF BOTANY 
ASSISTANT PROFESSOR 


A tenure track position at the Assist- 
ant Professor level is available star- 
ting Fall 1985 in the Department of 
Botany. Applicants are expected to 
have demonstrated research excellence 
and a strong commitment to under- 
graduate and graduate teaching. 
Postdoctoral experience desired. Send 
CV, statement of research and 
teaching interests and goals to: Dr 
Robert J Ferl, Chairman, Search 
Committee, Department of Botany, 
University of Florida, Gainesville, FL 
32611. Applicants should request 
three (3) letters of reference to be sent 
to the above address. Deadline for ap- 
plications is February 15, 1985. 
The University of Florida is an Af- 
firmative Action/Equal Opportunity 
Employer. (NW 1306)A 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF GEOLOGY 


ORGANIC GEOCHEMIST 
Applications are invited for the post 
of Temporary Lecturer in organic 
geochemistry, tenable for one year 
from january, 1985. The successful 
applicant would be expected to take 
part in teaching and supervising 
research projects primarily at the MSc 
level: experience in organic geo- 
chemical research is desirable, but not 
essential. 


Salary will be at an appropriate 
point on the Lecturers scale £7,520 - 


£14,925 per annum, according to age, 
qualifications and experience. 


Applications, with full curriculum 
vitae and the names and addresses of 
three referees should be sent to the 
Senior Assistant Registrar (Establish- 
ments), with whom applications (3 
copies), should be lodged not later 
than 17th January, 1985. 


Preliminary enquiries should be 
made to Professor D G Murchison, 
Organic Geochemistry Unit, Depart- 
ment of Geology, Drummond 
Building, University of Newcastle 
upon Tyne, Newcastle upon Tyne, 
NEIL 7RU. (5053)A 


anatania 


CONGRESS 











ANNOUNCING . . . 
THE FIFTH ANNUAL CONGRESS FOR 


RECOMBINANT DNA RESEARCH 


Co-chairmen: John D. Baxter, University of California, San Francisco 
Walter Mille, University of California, San Francisco 
Thomas Shenk, Princeton University 


THE FOURTH ANNUAL CONGRESS FOR 


HYBRIDOMA RESEARCH 


Co-chairman: Zenon Steplewski, The Wistar institute 
Hilary Koprowski, The Wistar Institute 
Joseph Davie, Washington University 





held concurrently 
FEBRUARY 3-6, 1985 
San Francisco, California 


Organized by Scherago Associates, Inc., 
in association with Mary Ann Liebert, inc. 


For further information concerning abstract forms, 
registration, and accommodations, contact: 


Edward R. Ruffing 
Scherago Associates, Inc. 
1515 Broadway 
New York, NY 10036 
(212) 730-1050 





| Circle No.10 on Reader Service Card. 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF ORGANIC 
CHEMISTRY 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 


Applications are invited for the post 
of postdoctoral Senior Research 
Assistant in the Department of 
Organic Chemistry. The successful 
candidate will work on the synthesis 
of nucleotide analogues which will in- 
hibit DNA replication and may thus 
be useful in the treatment of viral 
diseases and human cancer. Contact 
with other researchers in the Departs 
of Biochemistry and Radiation On- 
cology will be an essential part of the 
programme. Prior experience in 
nucleotide chemistry would be an ad- 
vantage but is not specifically 
required. 

The position, which is tenable im- 
mediately, is funded through a grant 
mom the North West Cancer Research 
Fund. 


Initial salary in the range of £7,520 
— £8,450 per annum. 


Informal enquires may be made to 
Dr P C B Page or Dr I J Gaplin 
(051-709-6022). 


Applications together with the 
names of three referees should be 
received not later than 21st January, 
1985, by The Registrar, The Univer- 
sity, PO Box 147, Liverpool L69 3BX, 
from whom further particulars may 
be obtained. 


Quote Ref: RV/921/N. (5058)A 





ASSISTANTSHIPS 





DURHAM UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


SENIOR RESEARCH 
ASSISTANTSHIP 


Applications are invited for a Post- 
Doctoral Senior Research Assistant- 
ship tenable for two years from 1 
April 1984, funded by the SERC, to 
study reactive intermediates derived 
from halogenated heterocyclic com- 
pounds, in collaboration with Pro- 
fessor R D Chambers (from whom 
further information may be obtained) 
and Dr M R Bryce. Applicants should 
have a background of synthetic 
organic chemistry. Initial salary 
£7,520 or £7,980 pa on Range IA with 
superannuation. 


Applications (3 copies) naming 
three referees should be sent by 18 
January, 1985 to Registrar, Science 
Laboratories, South Road, Durham, 
DHI! 3LE. (5034)P 
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GRANTS and SCHOLARSHIPS 





NIVERSITIES 
F EDERATION 
NIMAL 


A JELFARE 


ANIMAL WELFARE 
VACATION 
SCHOLARSHIPS 1985 


Undergraduates in agricultural, 
biological, medical and veterinary 
sciences in the UK are invited to 
apply for grants to carry out their 
own research projects during 
their academic vacations. 

Heads of departments etc. who 
can find suitable candidates may 
also apply. 

Closing date: 28th February 1985. 
Projects should have relevance to 
animal welfare, last from 4 to 6 
weeks (exceptionally 8 weeks) 
and be agreed by their super- 
visors. at the place where the 
research will be carried out. 
Awards will be £40 per week plus 
an allowance for departmental 
expenses. 

Application forms from: 
U Rw {VS 1), 8 Hamilton 
Close, South Mimms, Potters 
Bar, Herts. EN63QD. (5070)H 





STUDENTSHIPS 





UNIVERSITY OF 
ABERDEEN 


DEPARTMENT OF ANATOMY 
RESEARCH STUDENTSHIP 


Applications are invited for an MSc 
studentship for an investigation of the 
affects of continuous insulin infusion 
'herapy on structural abnormalities in 
the peripheral nerves of chemically- 
induced and spontaneously diabetic 
animals. The studentship is tenable 
for two years from January 1985. 


Further information from and ap- 
plications to Dr A K Sharma, Depart- 
ment of Anatomy, University of 
Aberdeen, Marischal College, 
Aberdeen AB9 1AS (telephone 
0224-40241). Applications must be ac- 
companied by the names of two 
referees. (5042)F 





UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF ZOOLOGY 


SERC CASE STUDENTSHIP 
(Replacement award) 
Applications are invited for a SERC- 
CASE Studentship to work in col- 
laboration with Dr D = Snary 
(Wellcome Research Laboratories, 
Beckenham) on the molecular biology 
and immune responsiveness of 
specific Herpes simplex virus 

glycoproteins. 


Applicants should have at least a 
2.1 Honours degree in Biochemistry, 
Genetics, Biology or Immunology. 


Applications, together with the 
names of two referees, should be 
made by 31 January 1985 to Dr W L 
Chan, Department of Zoology, 
University College London, Gower 
Street, London WCIE 6BT. Tel: (01) 
387 7050 ext 428. (5057)F 











COMMISSION OF THE EUROPEAN COMMUNITIES 
TRAINING IN BIOMOLECULAR ENGINEERING 


Scope: Applications are invited for training contracts (1-2 years) or for short training 
periods (up to 2 months) from scientists who are citizens of a Member State of the 
Furopean Communities and who wish to undertake, in a laboratory located within 
the European Communities, specific research in the field of enzyme or genetic 
engineering. 

Closing dates: Applications should arrive by 
— April 15, 1985, for contracts commencing on October 1, 1985. 
— July 15, 1985, for contracts commencing on January 1, 1986 


TRAINING CONTRACTS 


Eligibility: Applicants must hold a Ph.D. degree or its equivalent. The training period cannot 
take place in the applicant’s country of citizenship or in the country in which he or 
she normally resides. 

Allocation: In the case of non-employed scientists, the comprehensive monthly allowance to be 
received by the grant-holder presently approximates 1420 ECU (1). In addition, the 
Commission will pay an allowance for dependants and will reimburse travel ex- 
penses to and from the site of the host-laboratory. 

In the case of employed scientists on leave of absence, the Commission will privde 
the grant-holder with a monthly allocation which complements the salary received 
by the beneficiary during the training period and includes an additional allowance 
for expatriation approximating 500 ECU (1) per month. 


SHORT TRAINING PERIODS 

Eligibility: Short training periods are designed to offer an opportunity for industrial research 
scientists (Ph.D. level) to improve their knowledge or to learn a specific technique 
in public laboratories. 

Allocation: The Commission will pay to the grant-recipient a daily allowance of approximately 
36 ECU (1) during the length of the training period and will reimburse travel ex- 
penses to and from the site of the host-laboratory. 








































BENCH-FEES 


The laboratories undertaking to host the holder of a training contract or of a grant for a short training 
jarioa will receive a bench-fee, calculated pro-rata to the length of the training period, at 10.000 ECU 
per year. 


INFORMATION 


Further details, application forms and list of host-laboratories may be obtained from 
Dr. D. de Nettancourt (Tel.: (2) 235.40.44) or 
Dr. E. Magnien (Tel.: (2) 235.93.47) 
Commission of the European Communities 
Directorate-General for Science, Research and Development 
Rue de la Loi 200 
B-1049 Brussels, Belgium 


(i) Indicative amounts. Actually, the allocations provided take into account the 

cost of living in the country where the host-laboratory is located. 

As per 30.11.84. 1 ECU is approximately equivalent to: FB/FLUX 44.9; DKR 

8.05; DM 2.23; DRA 91.29; FF 6.84; IRL 0,72; LIT 1382; HFL 2.52; URN viet ‘i 
) 





Continued on page 16 


FELLOWSHIPS 


PROPOSALS UNIVERSITY OF OXFORD 
| POST-DOCTORAL | 
RESEARCH 
FELLOWSHIP 
NEUROSCIENCE pecs a, ie Va 


owship (M.R.C. funded) 
R ES EARCH G RO U PS attached to a group working in 

; the Nuffield Department of 

The university of Alberta intends to establish a neuroscience research Anaesthetics, Oxford, on the 
group, or groups, funded through the Alberta Heritage Foundation for development of new electro- 


Medical Research. Proposals are invited from productive investigators chemical sensors for the analysis 


auras fle 4 h f 
wishing to join and/or direct these groups. Proposals will be considered Hs ee and he . Paro, By f medical 














in any area of neuroscience, but there is particular interest locally in involves close collaboration with 

the areas of Rehabilitation Neuroscience, Developmental Neurobiology the research group of Professor 

and Alzheimer's Disease. Basic science approaches which will lead to W.J. Albery, of Imperial College, 
important clinical applications, are particularly desirable. University rank, London. i 

departmental affiliation and salary will be appropriate to the experience Previous experience in electro- 

of successful candidates. Rea e a ford van 

Applicants should apply enclosing a curriculum vitae, a short statement available immediately, Aeeearch 

of proposed research and the names of three referees by January 31st, salary scale (1A), in the range 

1985 to: £7,520 to £11,205. 

i ici Applicants should send a Cur- 

Associate Dean of Medicine, Research ea ea Wise and the names 

Faculty of Medicine of two referees to Dr. C.E.W 

University of Alberta Hahn, Nuffield Department of 

13-117 Clinical Sciences Building Anaesthetics, University of 

Edmonton, Alberta, Canada, T6G 2G3. Oxford, Radcliffe Infirmary. 

The University of Alberta is an equal opportunity employer, but in ac- OXFORD. OXF SHE, e 

cordance with Canadian Immigration requirements priority will be given phone “oxford (0865) re 

to Canadian citizens and permanent residents of Canada. daytime, or Abingdon (0235) 

(NW1292)X 21290, evenings. O74)E 








Continued on page 16 
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FELLOWSHIPS continued 





CANADIAN INSTITUTE FOR 
THEORETICAL ASTROPHYSICS/ 


INSTITUT CANADIEN 
D’ASTROPHYSIQUE THEORIQUE 


UNIVERSITY OF TORONTO 


ASSISTANT/ASSOCIATE 
PROFESSOR 


Applications are invited for a tenure-stream faculty position in CITA 


in the range senior assistant — junior associate professor, the appoint- 
ment to be effective 1 July 1985. Candidates whose interests lie within 
the broad spectrum of theoretical astrophysics are encouraged to apply. 
Demonstrated research excellence and the ability to interact well with 
colleagues in research are prime qualities being sought. Salary will be 
commensurate with qualifications and experience since the PhD degree. 
Send letter, CV, and arrange for three letters of recommendation to 
be sent to: Search Committee — Assistant/Associate Professorship, 
Canadian Institute for Theoretical Astrophysics, University of Toron- 
to, Toronto, Ontario M5S 1A7 by 1 February 1985. In accordance with 
immigration regulations, this advertisement is directed in the first in- 


stance to Canadian citizens or permanent residents. 


UNIVERSITY OF 
NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF BIOCHEMISTRY 


Queen’s Medical Centre 


POST DOCTORAL 
RESEARCH FELLOW 
Applications are invited for a 
‘Research Fellowship for the study of 
the role of glycoproteins in the 
synthesis and secretion of milk 
products. The Fellowship, funded by 


(NW1297)A 





the Agricultural and Food Research 
Council, is tenable for fifteen months 
starting immediately. 


Applicants should send a 
curriculum vitae and the names of two 


referees to Dr D A White, Depart- | 


ment of Biochemistry, University of 
Nottingham Medical School, Queen’s 
Medical Centre, Nottingham NG7 
2UH from whom further details may 
be obtained (Tel: 0602-700111 Ext 
3270). (S055)E 





GRANTS and SCHOLARSHIPS continued 








mune! ema 


THE 
UNIVERSITY 
OF CALGARY 


Department of Chemistry 


Graduate Studies 


Chemistry: Analytical, Inorganic, 
Organic, Physical and Theoretical 
Chemistry, and Applied Chemistry in 
projects dealing with Energy Conver- 
sion, Oil Sands Recovery, Sulphur 
Chemistry, and Synthetic Membrane 
Technology. 

Programs leading to PhD and MSc 
degrees; Excellent laboratory, instru- 
ment, and library facilities; Minimum 


stipend of approximately $ 11,000 p.a 


for Teaching and Research Assistant- 
ships; Maximum stipend of approxi- 
mately $ 14,000 p.a. for outstanding 
students holding Scholarship com- 
bined with part-time Teaching Assis- 
tantships; Program fees remitted for 


full-time teaching appointments; travel 


grants available. 

For further information and descrip- 
tive brochures write to the following, 
indicating field of interest: 
Chairman of Graduate Studies 
Department of Chemistry 

The University of Calgary 
Caigary, Alberta T2N 1N4 


qanada (NW1283)H 
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UNIVERSITY OF ESSEX 
DEPARTMENT OF BIOLOGY 


POST-DOCTORAL 
RESEARCH FELLOWSHIP 


This post funded by the Cancer 
Research Campaign is for a project to 
study nuclear proteins involved in the 
control of cell proliferation and the 
cell cycle in mammalian cells. The 
post is for one year in the first 
instance. Experience in immunology, 
including monoclonal antibody 
techniques or the protein biochemistry 
of nuclear proteins would be an 
advantage. Appointment will be on 
the salary Range 1A (£7,520 — 
£12,150 per annum), depending on 
age, qualifications and experience. 


Enquiries about this post may be 
made to Dr Minnie O’Farrel, 
Department of Biology or telephone 
Colchester (0206) 862286, ext 2022. 

Applications (three copies), 
including full curriculum vitae and the 
names and addresses of two referees 
should reach the Registrar (R/207/N), 
University of Essex, Wivenhoe Park, 
Colchester CO4 3SQ, by 24 January, 
1985, (5040)E 





BAYLOR COLLEGE 
DEPARTMENT OF PATHOLOGY 


POSTDOCTORAL 
FELLOWSHIP 
Available July 1985 to study 
expression and activation of liver 
specific genes in cultured cell lines and 
cell hybrids. Background in molecular 

biology preferred. 


Send curriculum vitae and the 
names of three references to Dr 
Gretchen Darlington, Department of 
Pathology, Baylor College of 
Medicine, Houston, Texas, 77030. 
EOE A/A Employer. (NW825)E 





UNIVERSITY OF SUSSEX 


RESEARCH FELLOWSHIPS 
IN THEORETICAL 
ASTRONOMY 
Applications are invited for up to four 
SERC supported posts of Research 
Fellow in Theoretical Astronomy, for 
a period of two years, with possible 
extension to a third year. The posts 
are on the Research Fellow 1A scale 
(£7,250 - £12,150 p.a.) Initial appoint- 
ments will be at a low point on the 
scale. All posts carry USS benefits. 
Appointments will normally com- 

mence on Ist October 1985. 


Candidates should propose an in- 
dependent research programme 
related to that of existing members of 
the Centre. Further information can 
be obtained from Professor R J 
Tayler, Astronomy Centre, Physics 
Building, University of Sussex, 
Falmer, Brighton BNI 9QH, UK. Ap- 
plications should arrive by 25th 
February 1985, Applicants should ask 
up to three referees to send confiden- 
tial reports, to reach the Astronomy 
Centre by the same date. (5056)E 








The Queen’s University 
of Belfast : 
POSTDOCTORAL RESEARCH | 
FELLOWSHIP | 
(Teaching Company Scheme) , 


Department of Pure and 
Applied Chemistry 


Applications are invited for a two- 
year postdoctoral fellowship to 
work with Dr. A.K. Galwey on 
problems concerned with removal 
of inorganic impurities from 
commercial solutions manufac- 
tured for treatment of potable 
water. This appointment will be 
under a Teaching Company 
Scheme operated jointly between 
Clinty Chemicals Ltd, and the 
University and it is envisaged that 
some of the work will be under- 
taken at_the sponsoring com- 
pany's Ballymena plant. The 
ellowship may be followed by the 
opportunity of further employ- 
ment by the industrial sponsor. 
Interest or experience in solution 
chemistry or inorganic sub- 
stances, reaction kinetics and 
computer applications to rate 
studies would be an advantage. 
Salary: £7,520 per annum. 
Further particulars (please 
quote ref. 84/G) may be ob- 
tained from the Personnel 
Officer, The Queen’s Uni- 
versity of Belfast, Northern 
Ireland, BT7 INN.  (5041)E 





BRUNEL UNIVERSITY 


DEPARTMENT OF APPLIED 
BIOLOGY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 
The above position is available for 
three years to participate in a Medical 
Research Council-funded project on 
macrophage function in parasitic pro- 
tozoal infections. The project will in- 
volve considerable study of antigen 
presentation by macrophages and its 
mechanisms, and will be done in col- 
laboration with Dr W Jessup and pro- 
fessor R T Dean of the Cell Biology 
Research Group, and Professor R J 
Terry of the Parasite Immunology 

Group. 


The salary will be within the range 
£7520 - £8920 per annum on the 
Research & Analogous Staff IA scale, 
plus £1233 per annum London 
Allowance, with USS benefits. 


Applications, with full cv and the 
names and addresses of two referees, 
should be sent to Dr W Jessup, 
Department of Applied Biology, 
Brunel University, Uxbridge, Middle- 
sex, UB8 3PH. 


Closing date: 17 January 1985. 


Brunel University is an Equal Op- 
portunity Employer. (SOSI)E 


Please mention 


nature 


when replying to 
these advertisements 





A 








Smith Kime SFrench Laboratories 


Announces 


the Third in Its Series of 
Annual Research Symposia 


Co-Organizers: 
George Poste and Stanley T. Crooke 


New Insights into Cell and 
Membrane Transport Processes 


March 12-14, 1985 


Wyndham Franklin Plaza Hotel 
Philadelphia 


Tentative Program 

M. Berridge C. Hopkins L. G. Palmer G. Sachs 

G. Blöbel H. R. Kaback R. L. Post D. J. Triggle 

L. C. Cantley S. Lewis H. Rasmussen R. W. Tsien 

W. A. Catterall H. Lodish J. P. Reeves I. B. Weinstein 

D. D. Fanestil I. Mellman T. K. Rink J. R. Williamson 
H. J. Geuze P. H. Naccache D. D. Sabatini S. van Heyningen 
J. F. Hoffman G. K. Ojakian 


For Additional Information and Registration Forms, Contact: 


Ms. Buff Biddle 
Symposium Coordinator 
Post Office Box 7929 
Philadelphia, Pa. 19101 





© =continuity of life A =quest for knowledge (J=resolution 
(NW 1264)M 
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CONFERENCES and COURSES 





COLD SPRING HARBOR 
LABORATORY CONFERENCE 
ON 


HEPATITIS B VIRUSES 
May 2 — May 5, 1985 


HAROLD E. VARMUS, U of California, San Francisco 
JESSE SUMMERS, Fox Chase Cancer Center 


Cold Spring Harbor Laboratory will host a meeting on the hepatitis B 
Viruses which will offer an opportunity for scientists in varied disciplines 
to discuss advances in hepatitis B research, with emphasis upon 
molecular approaches to hepatitis B viruses. 


Topics to be covered in the meeting are: 


Organization of the hepatitis genomes 

Mechanisms of replication of hepatitis B viruses 

Structure & function of proteins encoded by hepatitis B genomes 
Molecular mechanisms of hepatitis carcinogenesis 

immune response to hepatitis B viruses 

Epidemiology & pathogenesis of hepatitis B viruses 


Registration and abstract forms may be obtained by contacting the 
Meetings Coordinator, Cold Spring Harbor Laboratory, POB 100, 
Cold Spring Harbor NY 11724. Deadline for submitting registrations 
and abstracts is February 20. 


HAMBURG-BLANKENESE, GERMANY 
MAY 20 TO MAY 24, 1985 


TRANSFER OF INFORMATION 
7TH CONFERENCE ON MACROMOLECULAR SYNTHESIS 
organized by G. Koch and D. Richter 


Invited speakers: 


M. Beato, Marburg F.M. Rajewski, Köln 
M. Eigen, Göttingen T.A. Rapoport, 
Berlin-Buch 

P. Herrlich, Karlsruhe U. Rapp, Bethesda 
R. Kaempfer, Jerusalem D. Rifkin, New York 
R. Milner, La Jolla U. Schwarz, Tübingen 
M. Noda, Kyoto M. Schweiger, Innsbruck 
M. Osborn, Göttingen J. Spiess, La Jolla 
|. Pastan, Bethesda A. Ullrich, San Francisco 
D. Pfaff, New York D. de Wied, Utrecht 
All participants will be accommodated at the Elsa- 
Brandstr6m-Haus where lectures will also be held. The 
language of conference will be English. Total number of 
participants: 60 to 80. Registration fee: DM 390,-- per per- 
son. This includes accommodation. Participants are ex- 
pected to present a poster. 
There are no official application forms. Please, mail ap- 
plications including a short curriculum vitae and all in- 
formation that might be useful for evaluation before April 
1st 1985 to: 

G. Koch 


Universitat Hambur 
Abteilung Molekularbiologie 
Grindelallee 117 
2000 Hamburg 13 
Germany 
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EMBO COURSE ON 
TRANSFER AND EXPRESSION OF GENES IN HIGHER PLANTS 


September 8 - 22, 1985 


Programme, Lecturers and Instructors include: 


Ti-plasmid related cloning vectors for genetic engineering in plants. 

Tranfer of DNA to plants a) by Agrobacterium, b) by other techniques. 

Transfer and expression of genes to plant cells using viral vectors. 

Detection of opines in plant tumour tissue. 

Engineering of chloroplasts. 

DNA analysis of transformed plant cells. 

Transcription of foreign genes introduced into plants. 

B. Baker, A.P. Czernilofsky, F. de Bruijn, P. Eckes, E. Göbel, B. Gronenborn, R. Hain, C. Konez, F. 
Kreuzaler, M. Kuntz, H. Lérz, V. Matzeit, P. Murphy, S. Rosahl, J. Schell, P.H. Schreier, S. Sieg, P. 
Stabel, H.H. Steinbiß, R. Töpfer, L. Willmitzer, F. Wolter; Köln 

L. Otten; Strasbourg 

A. Depicker, L. Herrera-Estrella, M. Van Montagu, P. Zambryski; Gent 

J. P. Hernailsteens; Brussels 

At the end of the practical course, a workshop with invited speakers will be held from Sept. 20 - 21, 1985. 
Course participants are also invited to attend. 








Participants: 


Applications: Applications should include a c.v. and information on current and future research in- 
terests and should be sent before April 20, 1985, to J. freitag, Max-Planck-Institut für 
Zichtungsforschung, Egelspfad, Vogelsang, 5000 Köln 30, FRG (0221-50 62 350 or 336). 
20 participants will be accepted. Participants are offered free accommodations. Limited 
assistance for travel expenses is available upon request. 

Drs. A.P. Czernilofsky, J. Schell, L. Willmitzer, Max-Planck-Institut für Züchtungefor: 
schung, Köln, FRG. (W1508)C 


Organizers: 
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UNIVERSITY OF WALES COL 
LEGE OF MEDICINE MSc in th 
Laboratory Aspects of Medica 
Microbiology. A Course leading t 
the degree of Master of Science wi! 
commence in October 1985. The twe 
year Course of full-time study wi. 
cover: bacteriology, virology 
parasitology, mycology and im 
munology, a period of supervise: 
research and extensive training i 
clinical laboratory techniques. Ar 
plicants should have a universit 
degree in any of the following sut 
jects: medicine, dentistry, veterinar 
medicine biological sciences or phar 
macy. Those interested should writ 
to The Head of Department, Depar! 
ment of Medical Microbiology 
University of Wales College o 
Medicine, Heath Park, Cardiff CF 
4XN, Wales, UK. (5035) 
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Advertisements must be pre-paid an 
sent to: Nature Classified (Appi 
Wid), 15 East 26 Street, New York 
NY 10010. (890)B 
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< Why this magazine | 
and more than 
1,000 others let us 
go over their books 
once a year. 


Some magazines, we're sorry to say, keep their 
readers undercover. They steadfastly refuse to let BPA 
(Business Publications Audit of Circulation, Inc.) or any 
other independent, not-for-profit organization audit their 
circulation records. 

On the other hand, over 1,000 publications (like this 
one) belong to BPA. Once a year, BPA auditors examine 
and verify the accuracy of our circulation records. 

This audit provides the name, company, industry and 
job title of every reader each publication reaches. The 
information helps advertisers to determine if they are 
saying the right thing to the right people in the right place. 

It also helps somebody else important: you. Because 
the more a publication and its advertisers know about you, 
the better they can provide you with articles and 
advertisements that meet your informational needs. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation, Inc. 

360 Park Ave. So., New York, NY 10010. BPA 
MEDIA INTELLIGENCE 
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In the past five years, even the enthusiasts of the new 
biotechnology industry have been surprised at the speed 
with which new opportunities have emerged. 





THE AIM 

of this conference is to provide a survey of the 
recent research that will influence the evolution of 
biotechnology in the next few years. 


THE SPEAKERS 

have been chosen for the originality of their own 
contributions to the topics outlined above, but they 
will also provide a survey of recent work related to 
their own immediate interests. 


They include: 


Dr. J. Birch, Celltech Ltd. 
Dr. M. Neuberger, MRC, Cambridge 
Professor M. W. Fowler, Wolfson Institute, 
Sheffield 
Professor J. Schell, Max Planck Institut, Cologne 
Professor D. Hopwood, University of East Anglia 
Dr. B. Carter, Searle R & D 
Professor P. Tiollais, Institut Pasteur, Paris 
Dr. Aaron Klug, MRC, Cambridge 
Dr. D. Thomas, Université de Technologie 
de Compiègne 
Dr. S. Emtage, Celltech Ltd. 


THE FORMAT 

has been planned to allow ample opportunity for 
discussion — each formal presentation will be 
followed by a question period, and each day's 
proceedings will end with a round-table discussion in 
which all speakers will take part. 


PARTICIPANTS 

in the conference will be provided in advance with a 
selection of reading matter which will serve as a 
useful background to particular talks. 


POSTER SESSIONS 
will be held each day. Those wishing to present a 
brief account of their own work should contact Dr. 
Peter Newmark, at the address below. 

The experience and authority of NATURE promise 
to make this conference unique. 

For more details, ‘phone Deborah Jones, 
Conference Administrator, 
on 01-836 6633, or send 
us the form below. 
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Thank you for your 
support. 


- During the past few months, our customers who rely on 
us for In-Vitro diagnostic quality tissue culture, Sera and 
Media have been disappointed on several occasions. This 
has been due to extensive renovations being undertaken in 
one of our production facilities located in McLean, 

Virginia, U.S.A. 


For this, we apologize. 


As of December, 1984, however, we are back in full 
production and prepared to provide you with the high 
standards of quality and service which have marked our 
21-year history. Let us prove it to you! 


(A) Flow Laboratories 


(800) 368-FLOW 
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In the past five years, even the enthusiasts of the new 
biotechnology industry have been surprised at the speed 
with which new opportunities have emerged. 
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of this conference is to provide a survey of the 
recent research that will influence the evolution of 
biotechnology in the next few years. 


THE SPEAKERS 

have been chosen for the originality of their own 
contributions to the topics outlined above, but they 
will also provide a survey of recent work related to 
their own immediate interests. 


They include: 


Dr. J. Birch, Celltech Ltd. 
Dr. M. Neuberger, MRC, Cambridge 
Professor M. W. Fowler, Wolfson Institute, 
Sheffield 
Professor J. Schell, Max Planck Institut, Cologne 
Professor D. Hopwood, University of East Anglia 
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Professor P. Tiollais, Institut Pasteur, Paris 
Dr. Aaron Klug, MRC, Cambridge 
Dr. D. Thomas, Université de Technologie 
de Compiègne 
Dr. S. Emtage, Celltech Ltd 


THE FORMAT 

has been planned to allow ample opportunity for 
discussion — each formal presentation will be 
followed by a question period, and each day's 
proceedings will end with a round-table discussion in 
which all speakers will take part. 


PARTICIPANTS 

in the conference will be provided in advance with a 
selection of reading matter which will serve as a 
useful background to particular talks. 


POSTER SESSIONS 
will be held each day. Those wishing to present a 
brief account of their own work should contact Dr 
Peter Newmark, at the address below 

The experience and authority of NATURE promise 
to make this conference unique. 

For more details, ‘phone Deborah Jones, 
Conference Administrator, 
on 01-836 6633, or send 
us the form below 
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onoclonal antibodies to 
human IgG subclasses— 
like all Bio-Yeda products—pro- 





comprehensive range of conju- 
gates, monoclonals, antibodies to 
human and animal proteins and 





vide you with many important 
advantages: 
o specificity 
o high titer 
o consistent reproducibility 
o performance evaluation data 
o wide product range 
Bio-Yeda is a pioneer in the 
field of monoclonal antibodies 
and on the leading edge of sci- 
entific research. 
The chances are excellent that 
you have already used Bio Yeda’s 


antisera to hormones and drugs. 
high quality immunochemical For further information and a 
and biochemical products. They | detailed Bio-Yeda catalog, call 
are sold all over the world under | your nearest Authorized Bio Yeda 
names you'd recognize on any Distributor, or contact Bio-Yeda 
reagent shelf. directly. 
Bio-Yeda’s expertise begins 
with its unique association with © 
the renowned Weizmann Institute bio: 
of Science, and the company’s Serving Science and Medicine 
own powerful R&D facilities. Di Neda Lid. Kirvat Weizmann 
The products developed and 76326 Rehovot, Israel : 
produced by Bio-Yeda include a | Tel: 08 470425, Tix: 361930 mivED IL 





Authorized Bio Yeda Distributors: Australia: Bacto Laboratories Pry. Lid. 310.312 Elizabeth Drive, Liverpool, N.S.W., 2170. Austria: Biomedica M.B.H., Rennweg 2, 
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2 Rue des Grands Champs, 75020 Paris. West Germany: Renner GmbH, Riedstrasse 6, 6701 Dannstadt Schauernheim 1. Italy: Technogenetics S.p.A., Corso Lombardia 16, 
10099 S. Mauro Torinese, Torino. The Netherlands: Brunschwig Chemie by, Butaanweg 8, Postbus 70213, 1007 KE Amsterdam. Norway: Einar D. Fineide as, Postboks 85, 
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(Barcelona), Sweden: AB Kemila-Preparat, Tingsvagen 19, Box 609-191 26 Sollentuna. Switzerland: Bühlmann Laboratories, Hohe Winde Strasse 38a, CH-4024 Basel 
South America: Compus System S.A., Av. 8 de Octubre 2573, Montevideo, Uruguay. U.K. and Eire: P&S Biochemicals, 38 Queensland Street, Liverpool L7 3JG, England. 
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pUC 18 and 19 


Multiple Cloning Site 


GAATTCGAGCTCGG TACCCGGGGATCCTCTAGAGTCGACC TOCAGGCATGCAAGCTTGGC 
puC 19 


Eco RI Sac! Kpni Bam Xbai Sali Psti Sph} Hind lil (product 27-4951-01 ) 
Xmal HI 


396 Acc 447 


Smat Hinc i 


GCCAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCCCOCGGGTACCGAGCTCGAATTC 


pUc 18 


Hind ii Sphi Pst! Sail  Xbal Bam Hi Koni Sac! EcoRI (product 27-4949-01) 
Xma ił 
Acct 


399 Hine H Smal 450 


Pvu | 276 
Bg! 1 245 lacz 
Nar Hae Il 235 promotor 


Nde | 183 Hae |] 680 


pUC 18 and 19 
(2686 bp) 


Pvu | 2066 


Bg! | 1813 


Another First from Pharmacia! 


Once again Pharmacia is first to offer new additions to your M13/pUC 
system. A complete line of vectors, linkers, primers, and now the latest 
cloning/expression/sequencing plasmids, pUC 18 & 19. Available direct 
from your local Pharmacia office today. 
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A radiograph of the galactic radio source G357.7 ~ 0.1. 
Detailed descriptions of this and two other unusual 
objects can be found on pages 113, 115 and 118. 
Catalogued as supernova remnants, they are mor- 
phologically different from the two classes of remnants 
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Parental investment and sex 
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mortality in birds and mammals 
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& F E Guinness 131 
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LYMPH NODE 
INVOLVEMENT? 


To find single carcinoma cells and micrometastases 
invading lymph nodes is often extremely difficult. Now, 
immunohistochemistry can help to make the search easier 
using Tissue Polypeptide Antigen (TPA), the specific label for 
interior epithelial cells and hence carcinomas! Lymphoid cells 
do not contain TPA so carcinoma cells are clearly visible. 





Cell from a transitional cell carcinoma of the urinary bladder in lymph node tissue. TPA visualised by 
PAP using rabbit anti-TPA antibody; haematoxylin counterstaining. (Microphotograph by courtesy of 
Dr. P. Oehr, University Clinic, Bonn). 


TPA is a protein related to cytoplasmic intermediate filaments of cells in interior epithe- 
lium. Since carcinomas originate in interior epithelium, TPA is therefore present in 
carcinoma cells. Serum or plasma TPA measurements are useful in monitoring tumour 
activity; its character as‘a specific label of interior epithelial cells also makes immuno- 
histochemical staining of TPA an important technique, both for research and in routine 
therapy. 


There is now a large number of publications on TPA — for specific references please contact Sangtec direct. 


TPA products are available from 


/Sangtec) 


MEDICAL 


Box 20045 
S-161 20 BROMMA, SWEDEN 
Tel. Int. +46-8-98 83 30 
Telex 12570 ILAB S 

Distributors: 

Austria: Mallinckrodt Diagnostica Austria, tel. 0222-362112; German Federal Republic: Mallinckrodt 
Diagnostica Germany, tel. 06074-4011; Italy: BykGulden Italia, tel. 02-6195131; Japan: Daiichi 
Radioisotope Laboratories, tel. 03-272-1081; Spain: Mallinckrodt Iberica, tel. 91-7542262; Switzer- 
land: Medipro, tel. 071-331415. In USA for research only. 
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Also Available From Schwarz/Mann Biotech 


e Optical Grade CsCl, 99.9% 
e Biological Grade CsCI Ultra Pure Sucros 
e Ultra Pure Urea e Ultra Pure TRIS H 

e Nylon Transfer Membranes 
You can order your Cesium Chlorid 
now by calling Schwarz/Man 
Biotech Toll Free 


800-431-2800 
In Massachusetts call 
617-492-6677 
Or write us at: 
Schwarz/Mann Biotech 
P.O. Box 965 
Cambridge, MA 02142 


P.S. More information on other products is readily 
available upon request. 
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Everysopy is rightly concerned at the wider application of new 
_ techniques in human embryology. In most places, there is a need 
-for legislation of some kind. In Britain, for more than the past two 


years, the government has been planning with creditable care to 


_ do something about the problem. Early in 1983, it appointed the 
-Warnock Committee to suggest what might be done, and had a set 
‘vof detailed if arguable recommendations (see Nature 312,389; 

1984), But although the committee’s chairman, Dame Mary 
Warnock, has now been appointed to the House of Lords, 
“nothing much else has happened. The government is supposed to 


-have been busy consulting interested parties, but the beginning of 


this parliamentary session brought no promise that legislation 
would surface before the summer recess (if ever). 

The danger in this delay has always been that the government’s 
capacity to act deliberately would be preempted by the 
parliamentary device of a private member’s bill, the procedure by 
means of which members of the British House of Commons can 
advertise their attachment to peripheral causes (the abolition of 
fox-hunting), canvass opinion on others (capital punishment) 
and, sometimes, secure legislation on matters so laden with 
.. political hazard that governments fight shy of them (whence 
_. British legislation on abortion and, last year, the censorship of 

. home video-films). Already such a bill has been introduced to 
outlaw the scientific investigation of human embryos, although it 
is too soon to know whether that will muster the support needed 
to survive. But now, mystifyingly, the government seems to be 
encouraging just such a piecemeal approach to legislation dealing 
with just one aspect of the Warnock proposals, the recommend- 
ation that surrogate motherhood should be forbidden by law. 

The circumstances are curious. Since before the publication of 
the Warnock report, a private agency in the south of England has 
.. been advertising its readiness to provide a surrogacy service on 

commercial terms, offering to find (and reward) women willing to 
carry children for childless couples after insemination with sperm 
_..from the presumably fertile male partner. The first such case has 
_ received. a good deal of publicity in the past few months, with a 
_ pregnant woman explaining to newspaper and television reporters 
‘> Why she had taken part in the procedure. But when her child was 
born last weekend, mild public curiosity gave way to zealous 
public indignation. The local authority in the London suburb 
where the maternity hospital is situated applied for and won 
temporary care of the infant (and may be given permanent rights 
at a court hearing due this Friday), the London police announced 
that they were investigating whether the birth had been attended 
by ‘‘illegal circumstances’’, various public dignatories announced 
that surrogacy is ‘‘just like prostitution”, the mother allowed 
herself to be swept off by a popular newspaper to which she is said 
to have “‘sold her story’’ and the Minister of Health, Mr Kenneth 
Clarke, promised a “‘fair wind” for any private member’s bill that 
would ban surrogate motherhood. Then he thought again, and 
said he would take action off his own bat. Mr Clarke, like most of 
those concerned, should think yet again. 

Surrogacy (Warnock’s term), in the sense that led to last 
.. weekend’s birth, is neither novel nor, in principle, different from 
the widely practised and condoned technique of artificial 
insemination with the use of donor sperm (AID). There is plenty 
_of anecdotal evidence of women who grow children for their 
_ infecund sisters. As after AID, the child of sucha gestation is only 
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Surrogacy falsely in the dock 
A single case of surrogate motherhood seems about to stampede the British government into hast 

legislation on human embryology. It should think again. 


half the genetic product of the parents who claim it as their own. 
and thus is technically illegitimate. Ironically, the Warnoc! 
Committee recommended that AID children should. auto- 
matically be legitimized as the offspring of their half-unņatural 
parents while (with the dissent of a tiny minority) inconsistently 
recommending that surrogacy should be made a criminal offence : 
But why should a remedy for childlessness which is open to 
couples in which the male is infertile be denied to those in which. 
the female is infertile? Mr Clarke had better watch out, or he will. 
have the whole women’s movement on his doorstep. 2 
Old-fashioned surrogacy does of courge entail more taxin, 
problems than AID. What happens, for example, if a surrogate: 
mother wishes to break her contract? Nine months is a long time, 
while human gestation is physiologically if for no other reasonan 
emotional business. The majority of the Warnock Committėe 
took the view that the emotional risks to surrogate mothers would 
be greater than the social benefits to others, but was also offended _ 
(as British public dignatories have been these past few days) tha 
money would change hands. The plain truth, last summer as now, 
is that it makes no sense to ban practices that make people feel 
uncomfortable by laws that cannot be enforced (as Britain ha 
discovered to be the case for prostitution, homosexuality and 
abortion). The only prudent course to follow with surrogacy is to 
ensure that the practice is regulated properly. And the same 
principle should apply to the other items on the Warnock agenda. 
On surrogacy, the steps that need to be taken are obvious 
enough. First, agencies (which may sometimes be individu 
physicians) offering to provide these services should : 
appropriately registered, partly for legal reasons. (to establish 
parentage, for example) and partly so as to ensure that agreement: 
between a surrogate mother and her child’s potential parents are 
equitable. (Everybody worries about what should be done if the 
mother changes her mind, but what if the prospective parents 
choose to pull out, perhaps because of congenital malformation?) 
Far from requiring that money should not change hands, prudent 
regulation would ensure that potential surrogate mothers and 
their dependants are financially protected from the still n 
negligible risks of childbirth. Dark hints from the London poli 
of illegality were in part a reference to the sensible requirement 
British adoption law that children for adoption cannot be put up 
for sale, a difficulty |that ‘could be avoided| by giving properly 
registered surrogacy contracts a legal status from the outset (from 
which it follows that surrogacy agencies should be registered as 
they were adoption agencies). ie 
The danger in the situation that has developed is that Mr Clarke 
will be diverted by the present fuss from paying proper attention 
to the urgent need for action on the other questions Warnock has 
dumped on his desk. Surrogacy of the second kind, an embryo 
formed from gametes of the intended parents gestated ina rented 
womb, should depend on medical evidence of necessity (as with 
abortion). Legitimizing AID children is a crying need, especially 
as many are now falsely registered at birth, but there is a greater 
need than Warnock allowed that donors should be registered (and _ 
that genetic data about them should be retrievable if need be). The 
same principle should apply to in vitro fertilization. The British 
government’s guiding principle, well illustrated by last weekend’s 
fuss and what may yet flow from it, is that the general opinion 
jumps most readily to prohibition when it is taken by surprise. C 












































































British space agency? 
[f the British research councils can no longer 
afford space research, who will pick up the tab? 
FoR an eminent astronomer to suggest that Britain should have its 
“own space agency smacks of naivety when sterling is weaker than 
‘ever before and when the British research councils are thinking 
increasingly unthinkably about the harsh decisions that confront 
‘them. It may also seem like special pleading on behalf of one 
section of the community. Budgetary pressures have 
concentrated the collective mind of the British science 
‘community, but divisively. Materials scientists, for example, who 
ghtly complain of insufficient support, wrongly point the finger 
it “big science”. They should know better than to abet the 
“destruction of colleagues in other fields who are just as hard- 
pressed (see p.91). 
A new space agency is not so inopportune a proposal as may 
first be thought. A panel under the chairmanship of Professor 
“Mark Richmond recently spent several months pondering the 
osts and the benefits for science, industry and training that 
accrue from Britain’s modest involvement in space (see Nature 
12, 92; 1984). Its principal recommendations, predictably tame, 
were that two committees should be set up, one within the Science 
and Engineering Research Council (SERC) and one ata national 
‘Jevel, to coordinate and stimulate potentially interested parties. 
- Another recommendation was that participation in the European 
Space Agency (ESA) should take priority over other civil space 
activities. As it happens, the panel was set up by SERC and could 
not expect directly to influence government ministers. Even so, 
“given the positive achievements and the potential benefits that the 
panel catalogued, its report was insufficiently robust. 
Committees such as those proposed are easily ignored. But given 
money to spend and direct responsibility to a government 
‘minister, they have a chance of being audible, visible and 
effective, which has been shown by the Alvey organization in 
information technology. 
` The proposal for a British agency for space is being urged by 
Professor Martin Rees* and would help do much of what the 
Richmond panel wanted. At the least, it would exploit the 
European Space Agency (ESA) for Britain’s best national 
` advantage and, at the most, perhaps in amore prosperous future, 
serve Britain’s industrial, research and other communities more 
directly. 
~ Can such a proposal make sense? In the present financial 
“¢limate, probably not, but only because the present financial 
climate itself makes insufficient sense. SERC’s dwindling 
resources cannot support both the core sciences and the increasing 
demands of lively and intellectually first-rate international 
collaborations. For what it is worth, the Department of Trade and 
-Industry spent three times as much as SERC in ESA in 1983, 
primarily on communications satellites and remote sensing. But, 
by the nature of ESA’s constitution, the department was able to 
do this only because SERC forked out the mandatory science 
budget required to keep British membership alive. A single 
channel for British contributions to ESA would avoid this 
nonsense; obviously Rees considers the risk that science would be 
wamped by technology to be one worth taking. But what is at 
stake is only small beer. Britain’s total spending on civil activity in 
space in 1983 was about £80 million, compared with £200 million 
-from West Germany, £300 million from France and £4,500 
-million from the United States. 
What will happen to Rees’s proposal is anybody’s guess. 
Probably nothing, at least if past form is any guide. But the British 
government has to decide something; the question of 
participation in the US space station programme must be settled 
at next month’s meeting called by ESA in Rome. The government 
: < should ask itself two questions. Does Britain have a technological 
: “future? And will space at some time be an important arena for 
~ givilian activity? If the answer to both questions is ‘‘yes’’ then, as 


*Britain’s Future in Space, Argo Venture, 18 Victoria Park Square, London E29PF, 








Rees appropriately asks, can Britain afford to wait for 50 years , : 
before deciding what to do? E 


Management is best 


The British government’s wish to get rid of poor 


teachers is not a substitute for good management. 


SIR Keith Joseph, said to be an abstemious man, is a glutton for 
punishment. Even before the full consequences are known of his 
defeat on his proposal to increase the cost of higher education 
to middle-class parents so as to find extra for British research 
(see Nature 6 December, p. 483), he was telling school-teachers 
(last week, at the annual northern education conference) that he 
will press ahead with a scheme for assessing the performance of 
working teachers, for rewarding those judged to teach well and 
for “weeding out” those whose performance conflicts with the 
educational interests of their students. The minister’s difficulty, 
on this occasion as on others, is that he has identified a serious 
problem, or part of it, but failed to find a workable solution. 

Talk of the assessment of teachers’ performance has been in 
the air for more than a year, since Sir Keith published a white 
paper on the subject. That teachers probably differ in their com- 
petence is not in itself surprising. Reasonable people would be 
astonished if all teachers were equally able, or if there were not 
among them some whose performance is an actual impediment 
to the education of the young. This must be especially likely in 
a school system, such as the British, in which opportunities for 
in-service training are far too few, and in which teachers are not 
required to take advantage of them. But reasonable expectation 
is flatly contradicted by the assumptions on which British schools 
are run, and in particular by the peculiarly British convention 
that a professionally qualified teacher is king in his or her 
classroom. With the gradual transfer of responsibility for schools 
from central government to local authorities in the wake of the 
1944 Education Act, teachers have won the right to defend 
themselves against charges of incompetence by simple reference 
to their professional qualifications. For practical purposes, they 
have life-long tenure. Further to undermine incentives to perfor- 
mance, both teachers and head teachers are paid on nationally 
negotiated salary scales with only minor and diminishing rewards 
for merit. 

Sir Keith Joseph’s proposed attacks on this cosy system has 
understandably raised a howl of protest. His case is all the more 
difficult to sustain because he has not explained how performance 
will be assessed. There are obvious dangers, not least that teachers 
will be assessed not by their own performance but by that of their 
students in public examination—one of the few numerical 
measures available. The mistake is the assumption that there can 
be a simple yardstick of performance, or that people’s values in 
professional posts is susceptible to abstract assessment in- 
dependently of the circumstances in which they work. It would 
be far better—but perhaps more difficult—that the minister . 
should give head teachers the right and responsibility of deciding 
how much which teachers contribute to the attainment of a 
school’s objectives coupled with a commensurate say in how in- 
dividuals should be rewarded. Those who teach at management 
schools at British universities will readily advise the minister that 
he cannot hope to build an efficient teaching force without 
management structure of this kind. 

The trouble is that the same principle should apply not only 
to the schools but to higher education. Academics’ first reactions 
will be to say that the objective measurement of academic per- 
formance is impossible, given the diversity of the work academics 
do. And that view is correct. Some academics will also protest 
that attempts at the assessment of performance are an interference 
with academic freedom, which is less cogent. There is no reason 
why universities should not have a clear idea of their objectives, 
and civilized ways of ensuring that people contribute to those 
ends. Such devices are indeed essential if universities are to 
become more diverse in the years ahead. Nationally negotiated: 
age-related scales of pay have become a hindrance E 
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Ten-metre telescope 


NEWS 


Caltech wins funds for 
largest instrument 


Los Angeles 

CALIFORNIAN astronomers last year went 
a-courting for funds to build the world’s 
largest optical telescope and last week 
announced they have found a sweetheart 
of a deal. 

In what is being called the biggest private 

: grant ever made to a scientific project, the 

William M. Keck Foundation of Los 
Angeles has pledged $70 million to the Cali- 
fornia Institute of Technology to build a 
10-metre telescope on Mauna Kea in 
Hawaii. The University of California will 
join the project by providing $2 million for 
operating costs once the telescope is 
completed in the early 1990s. 

It is time to build a new generation of 
ground-based optical telescopes, said Dr 
Marvin L. Goldberger, president of 
Caltech. The five-metre Hale Telescope on 
Mount Palomar (operated by Caltech) “has 
reached its theoretical limits”, he said. New 
technologies such as charge-coupled devices 
permit the Palomar instrument to collect 
up to 80 photons per 100. But the 
maximum limit of detection efficiencies has 
been reached and astronomers need larger 

~ telescopes. to gather more light. 

The Keck Ten Meter Telescope will be 
four times more powerful than the Hale 
Telescope and will be able to detect light 
from objects that are 12,000 million years 
old, compared with Palomar’s limit of 
8,500 million years old. 

The new instrument will use new tech- 
nology to reduce cost, size and weight. 
Instead of a single polished mirror, the 
Keck Telescope will consist of 36 hexagonal 
mirrors six feet wide and three inches thick. 

Each mirror will be made using a 
new technique called ‘‘stressed mirror 


< polishing”. A mirror blank is warped to a 


predetermined configuration by applied 
force and is then polished to a spherical 
surface, 

After polishing, the forde is released and 
a mirror elastically assumes the desired 
non-symmetric surface. Dr Jerry Nelson, 
the astronomer at the University of Califor- 
nia who developed the technique said the 
mirror surfaces resemble ‘potato chips’’. 

The mirrors are then combined into a 
single light-collecting device by a com- 
puter-controlled aiming system. ‘‘We are 
replacing mechanical rigidity with elec- 
tronic stiffening”, Dr Nelson said. The 
computer measures the position of each 
mirror 300 times each second and auto- 
matically corrects the position of the array, 
even in high winds. The new observatory 
will be located at 13,600 feet on a ridge on 
Mauna Kea close to a number of other 


astronomical installations including a 
_ British telescope. 





The Keck Ten Meter Telescope is prob- 
ably only the first to win funds in a line- 
up of other large ground-based telescopes 
now proposed. The University of Texas has 
hopes of building a 7-metre instrument and 
the National Science Foundation has long 
discussed the idea of building a 15-metre 
telescope using four mirrors. 

The Space Telescope, to be launched in 
1986, should be complementary to the Keck 
instrument, which will have 17 times more 
light gathering capacity ‘and will be used 
to study in detail objects that might have 
been spotted by the Space Telescope’’, Dr 
Goldberger said. 

The William M. Keck Foundation was 
formed in 1954 by the founder of Superior 


Biotechnology regulation 


White House holds the ring 


Washington ; 

THE White House Office of Science and 
Technology Policy (OSTP) says, in a major 
statement on biotechnology regulation*, 

that the Recombinant DNA Advisory 
Committee (RAC) of the National Insti- 
tutes of Health should continue to be the 
main overseeing body for biomedical re- 
search, and endorses the actions of the En- 
vironmental Protection Agency in moving 
to regulate industrial biotechnology. 

The question uppermost in the minds 

of industrial biotechnology companies has 

been how the Environmental Protection 
Agency (EPA) would plan to use the Toxic 
Substance Control Act (TSCA). This act 
is a catch-all giving EPA the authority to 
control substances other than pesticides and 
drugs not covered by other legislation; 
novel microorganisms are counted as new 
chemical substances subject to the act’s 
provisions. 

There was some concern last year when 
preliminary drafts circulated by EPA in- 
dicated that TSCA could be applied to 
intermediates used in the manufacture of 
food products or drugs, which would then 
be subject to a 90-day notification require- 
ment. EPA now says that such intermedi- 
ates will not be reviewed under TSCA, 
leaving the Food and Drug Administration 
and the Department of Agriculture to deal 
with such problems as product contamin- 
ation. In addition, small quantities of 
chemicals produced exclusively for research 
purposes will not be subject to the 90-day 
notification requirement. 

EPA has still not resolved, however, 
some important aspects of when a micro 
organism constitutes a new chemical sub- 
stance. Operational definitions are used as 
far as possible, the guiding principle beine 


‘apparatus is not designed to respond to 















Oil Company. Howard B. Keck, a son, i 
chairman and president of the foundation 
which now has assets in excess of $500 
million. The foundation decided to give $7( 
million to Caltech, foundation director 
said, in a continuing spirit of- helpin, 
scientific endeavours. It has, for example. 
given $7 million over a period of year: 
the Colorado School of Mines. 

The Keck Telescope was to have 
called the Hoffman Telescope after Mari ion 
Hoffman, widow of a wealthy autom 
importer Maximilian Hoffman, ) 





































Sc see But after Mrs Hoffman 
year, said UC president David Gar 
Caltech was approached to see if bot! 
versities could work together to raise t 
$85 million needed to complete the | project. 
The Hoffman family will decide before 1 
March on continued participation, b 
there are some who fear that M 
Hoffman’s offer will be withdrawn. 

Sandra Blakeslee 





that a new substance is produced if: the 
manufacturing process brings togethe 
traits not normally found together. 
nature. But there are obvious difficulti¢ 
for example, EPA seeks comments on 
whether undirected mutagenesis plus: arti- 
ficial selection should be regarded as givin 
rise to a new substance. Products or | organ 
isms isolated through artificial selectio 
alone, and plants and animals other tha 
microorganisms, are not classed as nev 
substances. EPA has not committed itself 
on notification requirements for small-scale 
field testing of novel microorganisms oth: 
than pesticides; an interim policy on testin 
microbial pesticides was announced in Oc. 
tober (see Nature 25 October 1984, p.695) 

Although satisfied that no new legis 
lation will be needed to control the new bic 
technology in the foreseeable future, OSTP 
does see a need for better expert advice i 
several federal agencies having relevan 
authority: ‘‘the current scientific revie 


the scientific issues surrounding commer 
cialization of biotechnology’’. In additio; 
to RAC, OSTP proposes four new inde 
pendent expert committees, one each i 
EPA, the Food and Drug Administration 
the Department of Agriculture and th 
National Science Foundation (NSF). Th 
NSF committee would concentrate on th 
environmental effects of developments in 
biotechnology; the others would address’ 
mainly commercial applications. The work. 
of the committees would be coordinated by 
a Biotechnology Science Board reporting 
to the assistant secretary for health. = 
Comments on the OSTP proposals are 
welcomed, and should be received before 
1 April. Tim Beardsley 
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uclear weapons tests 


E London hearing of the Australian 
Royal Commission investigating the safe- 
ty of the British nuclear tests in Australia 
the 1950s opened last Thursday with a 
trong complaint that the British govern- 
ment had failed to live up to its promise 
of cooperation with the commission’s 
work. Mr Justice James McClelland said 
that the conduct of the government did not 
match its assurances given in advance. 
The British government decided only in 
yecember to be legally represented before 
e Australian commission. The decision 
seems to have been made reluctantly, after 
the commission publicly accused the British 
government of dragging its feet. 

Mr Justice McClelland said that ‘‘since 
the British know so much more than we do 
about what they were about in our coun- 
try at that time’, cooperation should mean 
not simply giving access to a mountain of 
documents, but ‘‘giving positive assistance 
in bringing to light anything of relevance 
ich those documents may disclose’’. 
McClelland added that evidence to be heard 
‘suggests that the British government told 
the Australian authorities virtually nothing 
‘about what they were doing in Australia 
during the tests. He also expressed surprise 
that the British government had insisted 
that the Australian government must waive 
s right to prosecute witnesses for perjury, 
as a condition of allowing the commission 
to sit in Britain. Such limitations, he said, 
“*sit uneasily with the offer of cooperation 
‘and disclosure already made’’. Mr Robin 
Auld, for the British government, 
guaranteed that relevant documents would 
be produced, and that witnesses including 
‘key British personnel responsible for the 
tests would be made available. 

“Six ex-servicemen gave evidence to the 
commission on Monday. Mr Barrie 
‘Roberts, of Walsall, had been posted to 
‘the Maralinga range, where he said he did 
‘not recall being given any particular warn- 
ngs about the radiation hazard. “We were 
issued with a handbook which contained 
all sorts of information, including a section 
n health. It told you how to deal with 
ke bites, and warned you about drink- 
ing spirits in desert temperatures, but there 
as nothing in the health section about 
'adiation.” 

-Mr Norman O’Fee, of Eynesbury (Cam- 
bridgeshire), joined the Royal Air Force in 
1947, and in 1955 was with 24 Squadron 
flying RAF Hastings aircraft in support of 
tests at Maralinga. After one of the ‘‘Buf- 
falo” explosions, the first air-drop, he flew 


about two hours. The plane carried test 
equipment, and criss-crossed the area at 
various altitudes. “We were wearing or- 
dinary flying clothing with no safety gear. 
I could see quite clearly the circle of glaz- 
ed sand beneath us”, Mr O’Fee told the 
earing, saying that he had developed 


a group of scientists over ground-zero for 


ustralian inquiry in London 


cataracts in both eyes between 1981 and 
1983. He considers these may have been 
due to radiation. 

Mr Michael Stephens, one of a 
meteorological team of eight, joined HMS 
Campania in 1952 and sailed to the Monte 
Bello islands for what was later confirmed 
by Dr William Penney (now Lord Penney), 
one of the scientists on board, to have been 
an atom-bomb test. Mr Stephens describ- 
ed on Monday a lecture he attended at 


South Pacific tests 


which Dr Penney explained the need for the 
tests, saying that “I remember nothing 
specific about the danger from radioactivi- 
ty; nothing he said alerted me to any possi- 
ble hazard from radiation’’. 

The hearing was told on Monday that a 
tentative list of about 26 witnesses for the 
British government will be available to the 
commission. The British government was 
also formally asked to produce logs of the 
Varsity aircraft used in the Buffalo and 
Antler test series. The Varsities carried out 
flights intended to monitor the test sites for 
aborigines some time before detonations 
took place. Susan Watts 


Mitterrand in the dingo-house 


WHILE Britain faces Australian ire over 
the effects of nuclear testing in Australia 
in the 1950s (see p.86), France is also in the 
dingo-house over its continued testing of 
nuclear weapons on Mururoa atoll near 
Tahiti. Last month, the temperature of the 
Franco-Australian conflict was raised when 
President François Mitterand accused 
Australia of solving the problem of the 
aborigines ‘‘by killing them”. 

This seems to have been a tit-for-tat 
remark after Australian criticism of French 
“colonialism” in New Caledonia (where 
many French Algerians emigrated after 
Algerian independence, and where some 
Caledonian aboriginals were- recently 
ambushed and shot). But it seems certain 
to backfire, increasing Australian pressure 
on France to stop underground testing of 
8-10 nuclear weapons a year. 

So far, Australia has applied only one 
sanction to France: the postponement of 
shipments of uranium, amounting to a few 
hundred tons of ore a year. But the 
sanction is weak. France has recently 
diversified its sources of supply and, more- 
over, there is a glut of uranium on the 
market. In fact, Electricité de France, the 
French utility buying the Australian 
uranium, readily agreed to the postpone- 
ment, which will last until France stops 
bomb-testing in the Pacific. 

Although further sanctions are not for 
the time being contemplated in Australia, 
18 Pacific nations including Australia and 
New Zealand are drawing up an interna- 
tional convention which should make the 
joint economic zones of signatories a 
“nuclear free area’, to exclude nuclear 
dumping, storage and weapons testing. The 
terms of this convention are not likely to 
be softened by M. Mitterrand’s 
accusations. 

Nevertheless, when tempers cool, some 
thought might be given to recent scientific 
assessments of the environmental impact of 
the Muroroa tests by a scientific mission 
from New Zealand, Australia and Papua 
New Guinea, which allayed immediate 
concérn about short-term effects. More- 
over, an exhaustive recent review* 
concluded that: 


@ For the South Pacific region, the 
average annual effective dose equivalent 
from natural sources of ionizing radiation 
is approximately 2,000 microsievert, only 
half the world average; 

@ Exposure to artificial sources, mainly 
the radionuclides formed during weapons 


‘tests in the atmosphere, is on the average 


perhaps two to three times lower in the 
South Pacific than for the world as a 
whole. 

The exceptions are Niue Island, ‘‘ 
documented example of unusually high 
natural radioactivity’, Guam (which may 
also have high natural levels) and certain 
of the Marshall Islands still contaminated 
by fall-out from US nuclear tests. 

However, while the UNEP report 
considers the French underground tests to 
be safer than tests above ground, “‘one 
should be particularly concerned at the 
possible long-term effects, such as leakage 
of radionuclides into the ocean, especially 
if the testing programme... is to continue”. 

The UNEP technical group preparing the 
report, chaired by Dr Michael Bacon of the 
Woods Hole Oceanographic Institution in 
the United States, believes that past en- 
vironmental assessments and publication of 
results on Mururoa previous to the recent 
scientific mission have been ‘‘inadequate”’. 
Bacon considers it ‘‘interesting’’ that the 
French recently began conducting tests 
within the Mururoa Lagoon, rather than 
in the atoll itself, as was past practice. 
French scientists are concerned with the 
danger of tsunami-like waves produced by 
sediment slides on the atoll slopes. 

Nevertheless, the UNEP technical group 
concludes that ‘‘the present nuclear 
weapons testing... involve[s] only a small, 
quite possibly non-existent risk to human 
health and the environment in the South 
Pacific region’. The group says that there 
is little ‘‘scientific basis for judging these 
activities to be unacceptable”, but acknow- 
ledges that ‘‘legal, political and moral prin- 
ciples” may be more relevant. 

Robert Walgate 


*Radioactivity in the South Pacific United. Nations 
Environment Programme Reports and Studies no. 40. 
(1984). ; 
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French research 


All civil servants now 


FRENCH researchers working for the major 
national research councils are about to re- 
ceive the pieces of paper that declare them 
to be civil servants and so guaranteed a job 
for life, nearly a year after the principle was 
first agreed by the French National Assem- 
bly. The ministry of public administration, 
it seems, has been fighting a rearguard 
action to prevent researchers being given 
too many exceptions to civil service rules, 
for fear of other civil servants demanding 
the same conditions, but now finally the 
battle is over, and last week the research 
councils published details of the new 
arrangements. 

These new contracts of employment 
consist ‘‘mostly of exceptions”, according 
to the Centre National de la Recherche 

“Scientifique, the major council for basic 
science. Yet the contracts are ‘“‘on the whole 
not as dynamic as we'd have liked” 
according to Claude Kordon, a researcher 
with the Institut National de la Santé et de 
la Recherche Médicale, who has pursued 
the reform of scientific employment ever 
since the present socialist government came 
to power in 1981. 

According to Kordon, one of the main 
disappointments is with the categorization 
of technicians, who will be confined to 13 
separate categories and career patterns, 


»<-aceording to their qualifications. French 


laboratory technicians are demoralized by 
the lack of opportunity for initiative and 
advancement, Kordon believes, and he had 
been campaigning for merely one or two 
categories to allow for more movement and 
promotion. But the ministry had been 
“completely obstinate’. 

Among the exceptions, however, are 
some “‘positive things” such as a degree of 
scientific assessment of technicians for 
promotion, and certain opportunities to 
shift categories, But these might affect only 
a small proportion of jobs, as the whole 
French research system—like that in many 
other countries—is blocked by a mass of 
staff recruited in the 1960s and not due for 
retirement for at least a decade. 

As for researchers themselves, they will 
now be divided into two classes (chargés 
and directeurs de la recherche) as opposed 
to the present three (attachés, chargés and 
directeurs), to match a similar change in the 
categorization of university researchers. 
Previously, all researchers were on rolling 
three (or more) year contracts, which could 
in principle be revoked (for example if the 
Centre National de la Recherche Scientifi- 
que pulled out of a line of research) but in 
practice never were (except for gross mis- 
conduct). Now the jobs are officially for 
life. Even if the French research councils 
were abolished tomorrow, the state would 
have to pay its researchers and technicians 
their salaries and pensions to their deaths. 
: To the security-conscious French, this 
could be a passport to greater mobility, 


Kordon believes—and mobility is certainly 
something French research lacks. It is also 
encouraged by elements in the new 
contracts that offer bonuses for researchers 
who change geographical location or 
subject of research. 

In the final analysis, however, the new 
contracts may prove to be little more than 
paper, leaving the status quo intact until 
the great retirement of the 1990s. More 
important may be the introduction of a 





three-year PhD degree, which will begin in 
earnest this October, and supplant: thi 
present one-year diploma of advance 
study (DEA), “‘third-cycle’’ two-year thesis 
and a ‘‘state thesis” often not completed 
before the age of 30. The existing system 
frequently tied researchers down to 
working in the same laboratory for 
upwards of a decade in what might be thi 
most productive years of their lives, A 
three-year PhD, followed by a search fo 
jobs, might loosen the French system con: 
siderably. But not, of course, until 1988, 
when the first French PhDs will begin t 
emerge. Robert Walg 


AIDS tests alarm blood banks 


Washington 

THE American Association of Blood 
Banks (AABB), while acknowledging great 
uncertainties in the tests now being 
developed to screen blood for AIDS 
(acquired immune deficiency syndrome) 
antibody, has recommended that all blood- 
banks use the tests on every unit of blood 
collected and that donors whose blood tests 
positive be informed of the results. 

A number of blood bank officials have 
expressed serious reservations about using 
the tests because of the high false-positive 
rates reported in initial trial runs (see 
Nature 13 December 1984, p. 583). In addi- 
tion, little is known of the clinical signifi- 
cance of a positive result; it is possible that 
many with antibody to the AIDS virus, 
HTLV-II, may never contract the disease. 
The AABB recommendation notes that 
“only after several years of experience, 


North Korea 





along with appropriate epidemiological 
studies, will there be sufficient information 
to assess the meaning of a positive test fo 
antibodies te HTLV-II’. 

According to AABB, because of th 
false-positive problem, the Food and Dru 
Administration, which must approve any 
test before it is put to routine use, is 
planning to require that some kind of con 
firmatory test be run on all positivi 
samples. The most likely such test would 
be a Western blot, according to AABB and 
blood-bank officials. 

FDA approval of the first test kits is 
expected shortly. 

Although the AABB recommendation is 
not binding on its membership (which in: 
cludes 2,400 hospital and community blood 
banks in the United States), its standare 
are widely followed throughout the worl 

Stephen Budiansky 


Home science seems best 


NorTH Korea must bring its science and 
technology up to world level, says a leading 
political monthly, Kudloja. In particular, 
technical education must be improved, 
including ‘‘teaching the science and tech- 
nology of other countries in accordance 
with the specific situation” in North Korea. 

This last proviso has apparently caused 
certain problems. Although the article is 
signed by a certain Pak Yong Ghol, its 
somewhat confused and inconsistent argu- 
ment suggests joint authorship and/or sub- 
sequent ideological revision. Several para- 
graphs extol the burgeoning of science else- 
where. The article nevertheless concludes 
that such achievements must be studied 

“only for the purpose of enabling us to 
know what we have that is better and in 
order more properly to carry out revolution 
and construction’’. 

In effect, the only practical goals of the 
proposed drive are fairly mundane and 
include a non-specific exhortation that 
science and technology must be used to 
solve the ‘‘problems concerning the 
Chucheization of the country”, which is a 
reference to reconstruction according to the 
Chuche variant of socialism favoured by 








the Party leader, Kim Il-sung. l 
The tenor of the article, that foreign 
science and technology, however advanced, 
“cannot readily fit the situation in our 
country” appears, at first glance, simp 
a repetition of the truism that for a 
developing country, middle technology is 
more appropriate than advanced. (So why 
devote so much space to the sophisticated. 


‘developments which find practical 


application elsewhere?) In the context of 
North Korea, the concept seems’ to hay 
considerable political overtones. Koreans, 
it is implied, can study best in Korea. 
Last month, this proposition was € 
pounded in the somewhat unlikely settin 
of an international conference of jour- 
nalists in Pyongyang, where a contrast was 
drawn between the South Korean attitude; 
which favours studying abroad, and that 
of North Korean Party Secretary Kim 
Chong-il, who refused the chance to study. 
at the ‘‘best university” in an unspecified 
“socialist country” (almost certainly the 
Soviet Union), preferring to study “‘on the 
basis of the reality of the fatherland in 
which the Chuche idea was being 
embodied”. Vera Rich 














US research ships 






































































Washington 

REPLACEMENT of the ageing fleet of US 
- research ships has received a surprise com- 
-mitment from the US Navy, but there are 
_ still uncertainties about the continuation of 
-state-of-the-art research into the 1990s. 
Almost all the 20 ocean-going ships oper- 
“ated by universities and by research insti- 
-tutions such as Woods Hole and Scripps 


as 28 years old. The average lifetime of a 
esearch vessel is considered to be 25 to 30 
years. Moreover, Bob Dinsmore of Woods 
ole Oceanographic Institution, who is 
heading a committee studying fleet replace- 
ent for academic users, says that some 
comparatively young ships ‘‘are already ap- 
‘coaching obsolescence”’ in their suitability 
r modern research. 
To the surprise of many, the Navy re- 
tly seemed to reverse a 20-year trend of 
diminishing interest in the academic re- 
search fleet. A policy statement signed by 
the Secretary of the Navy, John Lehman, 
sets out a number of new initiatives in 
oceanography, including a commitment to 
seek support in fiscal year 1987 for the con- 
struction of one new research ship for 
academic users. In addition, the statement 
signalled an intention to develop a long- 
range plan to replace the other four large 
ships originally built by the Navy. 
But researchers remain unreassured. 
Professor James McCarthy, an oceano- 
grapher at Harvard University, says “the 
Navy is very hard to predict”. Many things 
could happen between now and 1987; and 
even if the $35 million that the Navy is now 
~~ talking about for construction does survive 
- in the Defense Department’s budget request 
a year from now, it would still have to be 
approved by the Office of Management 
and Budget, the President and the 
Congress. 

The National Science Foundation (NSF), 
which has shown a steadier commitment to 
the academic research fleet, has however 
` found itself up against financial constraints 
t have ruled out any thoughts of 
uilding a new large ship. Only one of the 
large research ships in the academic fleet 
as built by NSF (Atlantis IT, operated by 
Woods Hole); and while NSF has been able 
“to underwrite construction of five new 
smaller coastal ships since 1970, an in- 
creasing share of its oceanography budget 
has gone on operating and maintaining the 
> ‘existing fleet. (Overall, NSF supports some 
75 per cent of federally supported oceano- 
graphy research, the Navy about 15 per 
¿çent and the National Oceanic and Atmos- 

pheric Administration, the National 
- Aeronautics and Space Administration and 
-the US Geological Survey the balance.) 
Maintenance costs have escalated over the 
past decade as more and more replacement 
ts for the older ships have had to be 


Naval build-up in prospect 


specially made; fuel costs have taken a large 
bite as well. Sandra Toye, the NSF official 
who deals with oceanographic facilities, 
says the agency has no plans for construct- 
ing new ships in the next few years. 

From the researchers’ point of view, the 
problem is both the age of the ships and 
the increasing sophistication of experi- 
ments, which require larger scientific crews, 
more on-board instrumentation and larger 
laboratory space. ‘‘By the 1990s, we will 
be desperately short of ocean-going 
vessels’’, McCarthy says, unless construc- 
tion of replacement ships begins at once. 
‘“We’re currently using vessels that are on 
their second lives.” Four of the in- 
creasingly-in-demand large ships were built 
in the early 1960s, the other two, Knorr 
(operated by Woods Hole) and Melville 
(operated by Scripps), in 1970. 

The trend in recent years has been 
towards greater use of interdisciplinary re- 
search teams, of perhaps 25-30 people, 
studying such questions as atmosphere- 
ocean interactions. Satellite navigation and 
communications equipment is being used 
more; real-time data analysis, which allows 
the researchers to modify their experiments 
during a cruise, is also becoming the norm. 

The Committee on Fleet Replacement 
for the University/National Oceanographic 
Laboratory System (UNOLS), which 
Dinsmore is heading, has put together a 
“wish list’? that may carry considerable 
weight in Navy and NSF planning. Similar 
calls for replacement of the fleet are coming 
in a series of National Academy of Sciences 
reports due out this year. The UNOLS 
committee is proposing that the Navy begin 
construction of three large general- 
purpose ships in 1987, 1988 and 1989; these 
would replace the three oldest Navy-built 
ships, which date from the early 1960s. In 
addition, the Navy would be asked to re- 
furbish and modernize the two ships it built 
in 1970, extending their life to 2010. 
Another five ships would come from NSF: 
one general-purpose ship to be built in the 
second half of the next decade, two special- 
purpose geophysics vessels, one submarine 
support ship and one polar ship—an item 
long sought by the research community. 

The Navy and NSF have together sup- 
ported conceptual design studies for the 
new ships; model-testing of two designs is 
planned for this winter, and UNOLS 
expects to select candidates for a detailed 
preliminary design in March. The Navy has 
expressed interest in the the so-called 
SWATH design—a two-hulled ship that 
would be very stable. 

A selling point for the US replacement 
effort that is sure to be heard in the coming 
year is that Britain, France, West Germany, 
and the Soviet Union have all constructed 
well-equipped, state-of-the-art research 
vessels within the past few years. 

Stephen Budiansky 


Racterial SoA 
Strains withheld 
from Soviets 


Washington 

BrioLocists in the United States and 
Britain are urging their colleagues in the 
West not to supply their Soviet counter- 
parts with bacterial strains for research 
until refusnik scientist David Goldfarb is 
allowed to leave the Soviet Union. 
Goldfarb had been assured last April that 
he would be permitted to emigrate, but 
after resigning his position and making 
final preparations to depart, he was 
abruptly informed by KGB agents that his 
permission to emigrate had been suspended 
and that he was under investigation for 
attempting to smuggle out of the country 
“secret” bacterial strains. 

Almost all of Goldfarb’s collection of 
auxotrophic mutants of Escherichia coli 
K-12 were originally obtained from US and 
British researchers. Western scientists 
familiar with Goldfarb’s research say it is 
“very innocuous” and totally unrelated to 
military applications. Goldfarb’s visa had 
been arranged by the Soviet Academy of 


Alt cight, Goldfarb— show me 
your 
handkerchief! 





Sciences, which apparently by-passed the 
KGB; the incident may be part of a larger 
tug-of-war between Soviet biologists and 
the KGB over KGB efforts to impose 
secrecy upon recombinant DNA research. 

The attempt to suspend shipments of 
strains to the Soviet Union is being organ- 
ized by Max Gottesman of the National 
Institutes of Health and Charles Yanofsky 
of Stanford University in the United States, 
and Michael Yudkin of the University of 
Oxford and Simon Baumberg of the 
University of Leeds in Europe. Gottesman 
was unable to say how many requests for 
samples US and European laboratories 
receive from Soviet researchers; he said his 
own laboratory had received a few requests 
a year from Soviet scientists until recently. 

Goldfarb, who is 66, has one son living 
in Israel and one in the United States, who 
now teaches at Columbia University. That 
son, Alexander, who has been in contact 
with Goldfarb, is supporting the boycott, 
believing that it may succeed in putting 
pressure on the Soviet authorities. 

Stephen Budiansky 
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US nuclear power 


NEWS 


Diablo Canyon at full power 


Washington 

A cause célébre of the US nuclear power 
industry appears finally to have been laid 
to rest—or almost. On the last day of 1984, 
a US Court of Appeals panel gave its 
opinion that the Nuclear Regulatory 
Commission (NRC) acted within its legal 
discretion in granting a full power 
operating licence to the Pacific Gas and 
Electric Company for its Diablo Canyon 
1 plant, ordered in 1966. With two minor 
exceptions, which did not merit judicial 
relief, the panel dismissed a petition by 
Mothers for Peace in San Luis Obispo 
alleging that the commission had com- 
mitted. legal errors, and proclaimed that 
“Diablo Canyon is ready to begin gener- 
ating electric power for the citizens of Cali- 
fornia’. The decision is being hailed as a 
significant victory by the industry. 

In fact, the plant has been producing 
electric power for the citizens of California 
since November, though at only 50 per cent 
of capacity; Pacific Gas hopes to move to 
full power operation by the end of March. 
But San Luis Obispo Mothers for Peace 
have not yet given up: they plan to use their 
legal right to take the petition to a full 
hearing before all 12 justices of the court. 
And there is always the Supreme Court. 

The issue of an operating licence for 
Diablo Canyon became controversial in the 
1970s, with the discovery of an offshore 
geological fault within 3 miles of the site. 
An element of farce was added in 1981 
when it was discovered that blueprints used 
in construction of the reactor had mis- 
takenly been reversed; an investigation then 
revealed numerous other design faults. A 
full power licence was eventually issued by 
NRC last August, only to be suspended 
immediately by the Appeals Court after the 
petition from Mothers for Peace. 

The Court: of Appeals panel now finds 
that NRC has been guilty of only two 
minor misdemeanours, relating to operator 
training on simulators and the right of peti- 
tioners to a hearing on construction quality 
assurance. Both issues were later overtaken 
by events and have no present bearing on 
safe operation of the reactor, according to 
the panel. On the question whether earth- 
quakes near the plant pose a safety threat, 
which has been central to the Diablo 
Canyon saga, the panel states that the 
seismic design of the plant is such that ‘the 
likelihood that an earthquake will trigger 
a nuclear accident at the facility is so small 
as to be rated zero”. The chance of a core 
meltdown occurring coincidentally with an 
earthquake—relevant to emergency evacu- 
ation plans—is ‘‘extremely small’’, and 
NRC acted within its discretion in deciding 
that this eventuality need not be considered 
in evacuation planning. 

Evacuation plans were, however, the 
subject of a dissenting opinion by Judge 
- Patricia Wald, who held that ignoring the 





effects of earthquakes for emergency 
planning was “ʻa substantial lapse of 
rational decision making’’. Judge Wald 
confessed to being “‘baffled” by NRC’s 
“paradoxical stance” on the importance of 
earthquakes, considered in plant design 
though not in evacuation planning. 
Nuclear industry spokesmen are, not un- 
naturally, hoping that the Diablo Canyon 
ruling will signal a turn-around in the 
industry’s fortunes. A recent comparison 
study by the Atomic Industrial Forum 
(AIF) indicates that new nuclear power 
plants ordered in the late 1980s will typi- 
cally have a 10 per cent price advantage per 
kilowatt hour over coal-fired plants. The 
study, which used assumptions conser- 
vative for the nuclear case, highlights the 
long construction times for nuclear plants 
in the United States—up to 16 years for 
more recent plants. In France, by com- 
parison, the range is 5 to 8 years. The study 
group concludes, however, that standard- 
ization of licensing procedures, improved 


Bhopal disaster 
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economic conditions and the recent rapid 
growth i in electricity demand—up 6 per cent | 
in 1984 over the previous year—will all 
reduce US construction times to the best 
European levels. Demand is now more than 
2 per cent above the 1984 level, and surpl 
capacity is down to 30-32 per cent. Dems 
for new plants will rise sharply when 
surplus capacity falls to 20-25 per cent 
according to AIF; some surplus is needex 
to cope with periods of peak demand. 
The AIF conclusions depend on nuclear 
fuel maintaining its current cost advantage 
against coal. But the indications are that 
the fuel price advantage will tend even mo 
strongly towards nuclear electricity. = 


tricity utilities for safety violations. And the 
total of eight low-power operating licences 
issued during the year exactly offset: the 
number of cancellations. But that is fewer 
cancellations than in some recent years, and 
the industry—now providing 13 per cent of 
US electricity—expects to bring 30 more’ 
plants into operation before the end of 
1986. Tim Beardsley 


Technical inquiry under way 


Bhopal 
THE 16.2 tonnes of methly isocyanate 
(MIC) left over at the Union Carbide India 
Limited (UCIL) plant after last month’s 
tragedy, when more than 2,500 people died, 
has been converted into the pesticide 
Carboryl and the plant has been declared 
safe. UCIL staff, released temporarily 
from police custody, disposed of the re- 
maining MIC after a specially assembled 
team had been satisfied that the operation 
would pose no risk. A third of the people 
living in Bhopal nevertheless moved out of 
the city during the five-day operation 
(codenamed ‘‘Faith’’) , which went off un- 
eventfully. Meanwhile, the state govern- 
ment.of Madhya Pradesh made it clear that 
the plant would not be allowed to reopen 
either in Bhopal or elsewhere in the state. 
The cause of the accident on 2 December 
is the subject of a judicial inquiry and 
another by the Central Bureau of Investi- 
gations (CBI). Dr S. Varadarajan, director 
of the Council of Scientific and Industrial 
Research and former head of Indian Petro- 
chemicals Limited in Baroda, is helping 
with the CBI investigation. He says that, 
at the time of the accident, the temperature 
of the MIC storage tank had exceeded 80 
degrees centigrade and that the pressure 
rose above the 2.5 kg per square centimetre 
that the relief valve could deal with. 
The cause is thought to have been either 
the entry of water into the tank or the spon- 
taneous polymerization (in the absence of 
inhibitors) of the liquid MIC, which had 
been in storage for a month, a longer 
period than normal. The heat released 
during the process of polymerization might 





be sufficient to vapourize the remainder 
the MIC. A maintenance team had been 
cleaning the vent lines with water short 
before the accident, but it is not known 
how two tonnes of water (the minimum 
that would have been needed to trigger such 
a reaction in the 45 tonnes of MIC in the 
tank) could have entered through the 
apparently airtight seals of the tank. 

A third theory is that nitrogen used to 
pressurize the tank might have been con- 
taminated; MIC is known to react. with 
virtually all chemicals. The only evidence 
collected so far consists of samples of poly- 
merized MIC recovered from the tank by. 
forcing through high-pressure nitrogen. 

Between 80,000 and 90,000 people ar 
undergoing treatment for MIC exposur 
About a third of the victims have return 
to hospitals with secondary complaints | o 
liver and kidney disorders. The problems 
appear to be similar to those caused by 
chlorine poisoning, in which case 
according to Dr Hans Weill, professor of 
pulmonary medicine at Tulane Medical 
School, New Orleans, ‘‘a large number will 
recover”. But an Indian expert on chest 
diseases, Dr A.S. Paintal, says that the 
victims would be prone in future to all 
kinds of allergic disorders. : 

Although some people have been : 
blinded, most of the eye injuries are : 
thought to be self-healing because only the. 


outer layer of the cornea (the epithelium) 


would be involved. But Indian eye surgeons 
nevertheless estimate that 1,000 donor eyes 
will be needed for corneal grafts in those 
whose cornea has become opaque. 

K.S. Javaraman 











































































tepanese telecommunications 


Tokyo 

iru the Christmas-time passage of three 
telecommunications bills through the Diet, 
Japan is entering 1985 ready to follow the 
United States and Britain and end the state 
onopoly of telecommunications services. 
ater this year, Nippon Telegraph and 
Telephone (NTT), a state corporation with 
an annual income of 4.5 million million yen 
S $19,000 million) and 320,000 
employees, should be up for sale in what 
is almost certain to be the largest offer ever 
made on any stock market, capping even 
at of British Telecom in November 1984. 
jot surprisingly, the passage of the bills 
has put the Japanese telecommunications 
scene into a state of extraordinary excite- 
ment. Big companies are hurriedly trying 
to find groupings that will give them 
‘enough muscle to enter the telecommuni- 
tions market as serious competitors to the 
denationalized NTT. Foreign telecommuni- 
cations companies, including the US giants 
AT&T and IBM, are preparing for their 
rst chance to enter the value-added 
network market on equal terms, together 
with US satellite makers that will soon be 
able to offer telecommunication satellites 
to private companies. 

The three bills that turn NTT into a 
private corporation also differentiate 
‘between those telecommunications 
businesses that actually own and operate 
telecommunications services (common 
carriers) and those that lease circuits from 
‘them to offer other kinds of services. To 
‘ensure that the actual means of trans- 
‘mission remains in Japanese hands, foreign 
mpanies are to be excluded from the first 
category. Just which Japanese companies 
will be big enough to get into it is the 
subject of intense speculation. 
Obviously, the privatized NTT will be 
he leader in the field; indeed, the govern- 
ment will have to restrain its activities in 
order to stop it crushing new competitors. 
Four other groups have emerged as conten- 
ders for a “second NTT”. First and 
‘foremost is a group headed by Kyocera, an 
p-and-coming high-tech ceramics 
oompany. Sony, Mitsubishi and more than 
200 other companies are ready to team up 
with Kyocera. Next come the national 
_ railways and the national highways public 
À corporations, What they both have to offer 
is routes — either railways or freeways — 
right into the centre of big cities along 
which optical fibre can be laid cheaply. 
Finally, there is a group organized by 
Keidanren (the Federation of Economic 
Organizations) which intends to purchase 
the nation’s first private telecom- 
munications satellite and to have it in 
operation-by 1988. 

‘Among second category businesses — 
hose offering services on lines they have 
leased — the Japanese scene will be trans- 
_ formed by the entry of foreign companies. 





Now for the sale of NTT 


Almost every major US company doing 
value-added network (VAN) business 
(providing the computers and software that 
will allow many different kinds of 
computer, desktops to mainframes, to talk 
to one another through tele- 
communications circuits) has found a 
Japanese partner to help sell. its services. 
The only remaining worry (for the United 
States) is that the telecommunication bills 
retain licensing powers for large VAN 
operators and that there could be dis- 
crimination in favour of home companies. 

The legislation allowing free competition 
comes into effect on 1 April. When and 
how much of NTT will be sold off is not 
yet clear, however. Autumn looks a likely 
time and eventually the government is com- 
mitted to retaining only one-third of the 


stock. The Ministry of Posts and Tele- 
communications, made. a last-ditch attempt 
to keep a large part of the proceeds from 
the sale for itself with a plan to set up no 
less than four new telecommunication 
research and development agencies. The 
plan was stamped on by the Diet, however, 
which intends to put the proceeds towards 
paying off government debts. There, alas, 
even the vast sums released by the sale of 
NTT will be just a drop in the ocean. 
The total market value of NTT shares 
could exceed Y10 million ($41,000 million) 
but the Japanese deficit has grown to a 
staggering Y110 million million — 40 per 
cent of GNP. Each year almost 20 per cent 
of the government’s total revenue goes 
towards paying interest on money it has 
already borrowed. The sale of NTT might 
perhaps just make it possible for the 
government to stop borrowing money to 
pay interest on money it has already 
borrowed. Alun Anderson 





AMPTE 


Christmas fireworks a success 


THE artificial barium comet released on 27 
December (two days later than first plan- 
ned) as part of the AMPTE mission (Ac- 
tive Magnetospheric Particle Tracer Ex- 
plorers) seems set to yield much of the in- 
formation expected of it. Although the con- 
ditions for the release were not as expected, 
two of the AMPTE spacecraft were able 
to measure the effects both inside and out- 
side the cometary cloud. Moreover there is 
enough barium left to run the experiment 
again under different conditions. 

The cloud was released by the West 
German Ion Release Module (IRM). The 
1.25 kg of barium, which was quickly 
photo-ionized, expanded to a diameter of 
about 250 km, while the tail extended to 
11,600 km. At the time of release, a 
separate spacecraft, the UK Subsatellite 
(UKS), was about 150 km from IRM. The 
spacecraft were situated in the magnetized 
plasma that envelopes the Earth, 
originating from the Sun and interacting 
with the geometric field. Once ionized, it 
was expected that the cloud, being highly 
conducting, would ‘‘expel’’ the ambient 
magnetic field. The interest lies not only in 





The comet release mission as originally planned 
(see text), The positions of the cloud as it is push- 
ed downstream to the nightside are marked. 





this process but also in the way the exter- 
nal magnetic field re-enters the dissipating 
cavity thus formed, as well the elec- 
tromagnetic process occurring near the 
cloud boundary and the overall behaviour 
of the ion cloud. 

Preliminary indications are that the ex- 
periment was a success. Both spacecraft 
observed intensification of the ambient 
magnetic field by up to a factor of six or 
more, and IRM observed a drop in the in- 
terior field down to the noise level. The 
speed of the solar plasma was about 2 
million km per hour, but this was halved 
near the cloud. A large variety of plasma 
oscillations was observed and the energy of 
electrons in the solar wind rose from 10eV 
to 1 KeV. The solar wind flowed around 
the cloud, drawing particles away to form 
the tail, while the pressure on the front 
caused the cloud to accelerate downstream. 

The positions of both spacecraft relative 
to the comet were not as originally plann- 
ed. At their height (100,000 km above the 
Pacific) and position at the dawn flank of 
the Sun-Earth reference frame, they were 
expected to be within the magnetosheath 
(see figure). This is the region of plasma 
flow immediately downstream of the ‘‘bow 
shock” where the supersonic solar wind is 
first affected by the geomagnetic field. But 
the experiment has highlighted the extreme- 
ly variable position of the bow shock. At 
the time of the experiment it was much 
closer to the Earth than anticipated and 
both spacecraft became enveloped in the 
supersonic solar wind, to the detriment of 
the UKS’s proximity to the cometary tail. 
However, both spacecraft measured signifi- 
cant effects; furthermore the flow condi- 
tions are “‘cleaner”’ in the solar wind than ` 
in the magnetosheath, and the repeat ex- 
periment (perhaps in June) should be-all the .- 
more valuable asa a result -Philip Campbell _ 
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NEWS 


Environmental fall-out 


THE details are likely to be settled later in 
the month of a radical plan for the 
reorganization of the British Natural 
Environment Research Council (NERC), 
the smallest of the four largely scientific 
research councils in Britain, with a budget 
exceeding £90 million a year. One of the 
objectives is to divert a larger proportion 
of the annual spending on research towards 
the universities. Another is to make the 
research programme based on the council’s 
own laboratories more flexible by con- 
centrating the direction of the programme 
at the council’s Swindon headquarters. 
NERC, which has been under financial 
-pressure for several years and has suffered 
particularly from the steady decline of com- 
inissioned research from government 
_. departments, has been mulling over its new 
>: plan for close on a year. The point has now 
. been reached when trades unions and 
institute directors are being consulted about 


Venture capital 


the prospects for the next five years, during 
which it is thought that the research council 
might shed up to a third of its employees, 
not all by retirement and resignation. 
The impending change is not universally 
welcomed. Although some academic 
researchers in fields such as geophysics 
consider that the new strategy will be ad- 
vantageous, many of those employed at 
council institutes insist that research 
direction at a distance (from Swindon) will 
not bring the economies and flexibility 
expected. The position of the British Geolo- 
gical Survey seems to be especially pre- 
carious, given the degree to which its work 
is supported by government departments. 
NERC itself insists that details of the 
plan are not yet complete, and that they 
cannot be settled until discussions with the 
unions have been completed. At least some 
council members are not at this stage com- 
mitted to all the details of the plan. (J 


British industry expands 


Hores that British economic fortunes will 
revive with the greater availability of ven- 
ture capital were illuminated but not settl- 
ed last week, when Morgan Grenfell Ltd, 
the London merchant bank, announced 
that it had successfully raised £30 million 
to launch a new.venture capital fund, Ad- 


vent Capital Ltd. Two years ago, two other 


venture capitals funds (called Advent 
Technology and Advent Eurofund) were 
launched with the encouragement of Mon- 
santo, the international chemical company. 
There seems no doubt that British investors 
in venture capital funds will benefit from 
such investments. To judge from the pro- 
spectus issued with last week’s placing, it 
remains in doubt whether investment in 
British companies is the best course. 
Stock market rules require that closely 


linked companies should not replicate 


themselves without describing how the 
-original has fared financially. According to 
last week's prospectus, Advent Technology 
now has a capital worth of £15.3 million 
(against £10 million in March 1981) and 
Advent Europe a value of £12.7 million 
(compared with £10 million in May 1982). 
The investment portfolio of Advent 
Technology, for example, shows that the 
substantial shifts in the value of in- 
vestments (greater than one third) were in 
British Agricultural Genetics Ltd (which 
recently went public), Felton Fluid Ltd (a 
British company now worth half the 
original cost), KWE Inc (a US microwave 
component manufacturer, now worth four 
times its original value). These and other 
smallish investments almost cancel out, but 





THE Nature biotechnology stock index is 
- obeing reconstructed. Monthly publication 
_ will be resumed as soon as possible. 








the great appreciation in the value of Ad- 
vent Technology (and to a lesser extent, of 
Advent Europe) arises from a profit of 
nearly £3 million from the sale of the 
British company Xenotron Ltd. g 


AFRC secretary 


DR John Jinks, professor of genetics at 
the University of Birmingham, has been 
appointed secretary of the Agricultural and 
Food Research Council from 1 May 1985 
in succession to Sir Ralph Riley, who retires 





at the end of April. He will join an 
embattled research council, which has for 
the past five years been under pressure to 
manage its affairs on less, and which is at 
present engaged on a ‘restructuring’ 
programme that will entail the loss of at 
least two of its research institutes. g 





| of a deliberate attempt” to pre-empt t 
















































UK nuclear physics 


Research board 
chairman quits 


ONE of the first personal casualties of the 
shortage of research support in Britain was 
the resignation earlier this week of Pro- 
fessor D.C. Colley, a member of the Sci- 
ence and Engineering Research Council 
(SERC) and chairman of the council’s: 
Nuclear Physics Board, which is among 
other things responsible for the cost of the. 
British subscription to the European. 
Organization for Nuclear Research 
(CERN), near Geneva. ; 
In a strongly worded letter to Sir Keith 
Joseph, Secretary of State for Educatio 
and Science, Colley (who is professor of 
high-energy physics at the University (a 
Birmingham) says that he is resigning from 
the council in protest at the way in which. 
funds have been allocated to nuclear phy- 
sics by the Advisory Board for the Researc 
Councils (ABRC), the committee on whose. 
advice the government shares out the 
annual research budget. 
Colley particularly objects to the way in 
which the research councils are not to be 
compensated, in the year ahead, for the: 
increased cost of international sub- 
scriptions at a time when sterling is falling 
rapidly, saying that ABRC has “sur: 
rendered an important point of principle’ 
in not pursuing an agreement reached last. 
year with the British Treasury. Colley says . 
that the annual dispute over the cost of in- 
ternational subscriptions is divisive as_ 
between different fields of science, and that 
Britain, so far as he knows, is the onl 
European country in which extra funds to. 
pay for exchange rate fluctuations must be 
met from within the overall science budget. 
Colley also complains that support for 
nuclear physics research has been further ; 
constrained by the instruction, issued by 
ABRC, that none of the extra money rec- j 
ently made available to SERC should be 
spent on nuclear physics. In his letter, 
Colley says the result will be a further de- 
crease of £1 million in funds for nuclear 
physics. Colley goes on to say that he c 
only interpret ABRC’s decisions as ‘part 


recommendations of the Kendrew com- 
mittee (due to report in two months on con- 
tinued British membership of CERN), say- 
ing that it ‘‘ill befits” the largest research 
council to act ina way that prejudges the 
outcome of an inquiry it has itself set up. 
Of SERC policy as a whole, Colley says. 
that he is increasingly concerned about the 
policy of diverting funds away from. “big 
science’’, apparently in the belief that it is 
““SERC’s job to save the United Kingdom 
economically”. He argues that funds 
amounting to only 5 per cent of the British — 
research and development budget can have 
“fat most a marginal impact” and that the 
council of SERC has been “grossly 
shortsighted” in following this course] 









































































-SiR — Contrary to the view of Bernard D. 
Davis (Nature 27 September, p. 294), value 
judgements are inherent in scientific 
knowledge and scientific practice. They 
can be identified most readily when science 
is applied to problems of the real world 
such as energy, environment and health. 
‘These problems are very complex and 
scientific information on them is generally 
far from complete. As a consequence, the 
‘scientist inevitably has to make value 
judgements which involve the selection of 
data, of scientific procedures for analysing 
‘data and of assumptions about unknown 
_ variables. Furthermore, in presenting the 
results of this selection process to peers, to 
cision-makers or to the public, the 
ientist has to make selections of 
definitions and terminology and of the 
- context in which the results are exhibited. 
_ (Davis’s use of the value-laden phrases 
“periphery of science”, ‘‘fashionable’’, 
“confusion” and ‘‘radical left” should be 
noted.) 
Such value judgements do not occur in 
- random directions. They are part of a 
ience which is performed in a particular 
social, political and economic context, 
which includes: 
@ industrial, bureaucratic, government 
_and military motivation for, and financial 
: support of, most scientific research; 
-@ the limited accessibility, under- 
standability and exploitability of most 
scientific research to anyone except large 
organizations with vested interests; 
®@ the effective monopolization of the 
opportunity to do scientific research by 
full-time professionals; 
© therestriction of decision-making about 
scientific research priorities to a small 
group of power-holders. 
< In this context, the value judgements, 
and therefore science itself, are given a 
direction or bias, namely that which is 
selectively useful to elite groups. (See 
Hilary and Steven Rose (eds) The Political 
Economy of Science and The Radical- 
isation of Science; Brian Martin, The Bias 
of Science; Randall Albury, The Politics of 
Objectivity.) In many examples — for 
‘example the risk of fallout from nuclear 
eapons tests, electricity generation 
planning — the public is given the incorrect 
‘Impression that the issues involved are 
purely ‘‘scientific’, “‘technological”’ o 
“economic” in nature, when in reality hey 
-yest in part on social, political or ethical 
judgements (see my article in David 
-Oldroyd (ed.) Science and Ethics, NSW 
` University Press). 
Why is the notion that science is ‘‘ob- 
jective’ or ‘‘value-free’’ promoted so 
“strongly? I would suggest that an import- 
- ant reason is that science is used widely to 
legitimize the products and policies of elite 
-proups. My own particular bias is towards 
‘a kind of democracy which allows greater 
public participation in decision-making on 





Is science value-free?_ 


social, political and economic issues. By 
questioning the notion of value-free 
science, it is my hope that the community 
will eventually create a new type of science 
which is more responsive to the needs of the 
community at large than to the military, big 
business, elite scientists, bureaucracy and 
government. 

The views expressed in this letter are not 
necessarily those of any organization with 
which I am associated. 

MARK DIESENDORF 
CSIRO Division of Mathematics & 
Statistics, 
Canberra ACT 2601, 
Australia 


Misnomer 


Sir — The article on the prehistory of 
Amazonian Indians by Robert May 
(Nature 1 November, p.19) included an in- 
ference that bronchial pneumonia (sic) 
decimated groups of indigenes. 

Bronchopneumonia is a disease affect- 
ing the terminal airways, giving rise to pat- 
chy consolidation of the lung parenchyma. 
Lobar pneumonia causes consolidation of 
whole lobes of the lung. Either type may be 
spread by infection and cause epidemics. 

“Bronchial pneumonia” is a popular 
misnomer with no pathological basis 
due, I suspect, to mishearing broncho- 
pneumonia. In this case, I suggest the epi- 
demic was due to influenzal broncho- 
pneumonia as in the pandemic following 
World War I. 





LAURENCE J.R. BROWN 
Department of Pathology, 
University of Leeds, 
Leeds LS2 9JT, UK 


SAAO telescopes 


Sir — If 156 UK astronomers believe that 
“continued funding of the South African 
Astronomical Observatory (SAAO) 
amounts to acquiescence in apartheid’’ 
(Nature 312, 295; 1984), it is probable that 
many of these UK astronomers will not use 
SAAO. 

The scientific returns on the investment 
by the Science and Engineering Research 
Council (SERC) in SAAO probably 
correlates with the fraction of active UK 
astronomers who are prepared to use the 
SAAO telescopes. 

The declaration presented to SERC 
indicates that a significant fraction of 
active UK astronomers are unlikely to 
consider using the SAAO telescopes. That 
surely is a good enough ‘‘scientific 
consideration” for SERC to transfer its 
meagre astronomy resources to telescopes 
that all astronomers are prepared to use. 

JOHN BARUCH 





Department of Physics, 
University of Leeds, 
Leeds LS2 9JT, UK 
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Down with animal lib - 


Sir — Nature is increasingly devoting its 
pages to leading articles, letters, book 
reviews, news items and lengthy comment- 
aries (for example, refs 1-6) on animal 
“rights”, “welfare” and “abuse”. In 30 
issues from 26 April to 15 November 1984, 
about 14 pages were dedicated to this sub- 
ject compared with fewer than 7 dealing 
with human rights from Argentina to the 
Soviet Union. Matters such as the devas- 
tating famine in sub-Saharan Africa, to the 
relief of which scientists can contribute a 
great deal, were not even mentioned. 

I do not care whether cuddly animals 
(nobody seems to care about prokaryotes, 
ectothermes and protozoa) are abused, 
killed, eaten, mistreated or otherwise mol- 
ested for pleasure, profit, the advancement 
of science or the American way, within or 
without laboratories, and I wish Nature, if 
not to adopt my point of view, at least to 
focus more on the species to which 
presumably most of its readers and, more 
importantly, subscribers belong. 

DAN GRAUR 
Center of Demographic and 
Population Genetics, 
University of Texas, 
Health Science Center, 
Houston, Texas 77225, USA 


1. Beardsley T. Nature 309, 8 (1984). 

2. Cosslett V.E., Nature 309, 186 (1984). 

. Goodwin L.G. Nature 309, 729 (1984). 
. Stevens C. Nature 312, 295-297 (1984). 
. Remfry J. Nature 312, 191 (1984). 

. Editorial. Nature 312, 2 (1984), 
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India’s diversity 

Sir — I take strong exception to your 
reference to India as a “huge country, 
which is in reality six or seven countries’’ 
(Nature 8 November, p. 87), a remark 
suitable for extremist newspapers not per- 
iodicals such as Nature. It is difficult to 
judge if a journal which I so assiduously 
read was indulging in provocative journ- 
alism apparently legitimizing secessionist 
attitudes or simply exhibiting ignorance. 
Extending your view, this very island 
nation would thus represent an artificial 
conglomeration of essentially disparate 
peoples. of at least four countries or 
perhaps three discounting a united Ireland. 
India was strong enough to withstand the 
loss of Mahatma Gandhi during those 
critical few years after independence and 
will weather the recent loss of Indira 
Gandhi with reinforced national unity 
amid a proud exhibition of cultural 
diversity. 


Duab w 





M.R. SURESH 
Laboratory of Molecular Biology, 
Medical Research Council Centre, 
University Medical School, 
Hills Road, Cambridge CB2 2QH, UK 


The phrase objected to was not intended 
in the sense assumed but as a reference to 
the cultural diversity of India — Editor, 
Nature: 
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No pattern yet for snowflakes — 


Attempts to model the growth of highly symmetrical crystal structures are most conspicuous for th thei 
failure. The urgent need is for truly cooperative models. 


THE problem of calculating the shapes of 
snowflakes persists. That is the simplest 
conclusion to be drawn from the best effort 
so far to apply to the growth of a crystal 
with intrinsic symmetry the theory of the 
growth of solid phases by the random ag- 
gregation of particles (atoms, say) in 
circumstances in which growth is limited by 
the speed of diffusion. For the numerical 
experiments carried out by Tamas Vicsek 
from the Institute of Technical Physics at 
Budapest, Hungary, but working last year 
at the physics department of Emory Uni- 
versity at Atlanta, Georgia, suggest that 
even in the simplest circumstances (the 
growth of a two-dimensional crystal on a 
square lattice), the underlying symmetry is 
only crudely represented in the shape of the 
crystal (Phys. Rev Lett, 53, 2281;1984). 
But Vicsek’s calculations do at least suggest 
what might next be tried. 

During the past two years, simulations of 
diffusion-limited aggregation have become 
extremely fashionable, partly because they 
are a natural way of generating fractal 
structures, partly because of the practical 
importance of the process. The now stand- 
ard way of carrying them out is concept- 
ually to take a finite piece of some lattice 
(for example, a piece of a square lattice a 
few hundred lattice intervals in each dir- 
ection), to suppose there is a nucleation 
somewhere in the lattice, to suppose that 
particles capable of joining a growing 
aggregate can enter the stage at random 
points on the periphery and then migrate 
through the lattice by means of a random 
walk from one point on the lattice to a 
nearest neighbour and then, finally, to 
suppose that such a particle will stay put 
once it reaches a lattice point adjacent 
either to the nucleation centre or to a point 
occupied by the growing aggregate based 
upon it. The model is simply if tediously 
calculated (but computer time mounts up 
to such an extent that nobody seems to 
have attempted a three-dimensional 
lattice). The simplest results are those most 
simply expected. Newly arriving particles 
stick at the places where they first 
encounter neighbours. The result is a 
randomly constructed network of particles 
which are less densely packed at the peri- 
phery than towards the centre, which is 
another way of describing a structure with 
fractal properties — the total mass (or 
number of particles in the aggregate) in- 


= creases less quickly than the square of the 


> linear dimension of the growing structure. 
_ The greater the distance from the nuclea- 


tion centre, the fuller the whole structure is 
of nothing. 

The upshot of this kind of stimulation 
has so far been what might, on reflection, 
have been expected. The larger the central 
structure, the much greater the chance that 
it will intercept the random walk of a newly 
arriving particle. By the time the aggreg- 
ation has grown to fill a substantial pro- 
portion of the space set aside for it at the 
outset, the chances that the next random 
walk will yield a particle that sticks on the 
side it enters must be high. This is another 
way of saying that the simulatory system is 
less a good model of diffusion-limited 
aggregation as the aggregated structures 
grow. Perhaps practitioners in the field 
should scale their models to take account 
of this source of bias. 

The problem of geometrical symmetry is 
much more difficult, if only because it must 
involve physical considerations: Vicsek 
seeks to solve the problem by changing the 
rules of aggregation on a simulated piece of 
lattice. First, he says, a randomly-walking 
particle must not stick whenever it comes 
next to an occupied site, but the probability 
that it will stick must be a function of some 
representation of the local curvature, most 
simply measured (by computers) as the 
ratio of occupied to unoccupied sites 
within some given distance. Second, the 
argument goes, it makes sense to allow 
newly arriving particles to relax to nearest- 
neighbour sites if the potential energy will 
thereby be decreased (or the number of 
nearest neighbours increased). 

The two modifications of the sticking 
rule that Vicsek introduces are not as 
simple-minded as they may seem. In the 
real world of solids and fluids, there is 
every reason why an aggregating particle’s 
chance of sticking to a growing surface 
should depend on the most immediately 
local curvature, for which purpose a simple 
count of the immediately neighbouring 
sites which are occupied should be a good 
approximation to the Gibbs-Thomson 
macroscopic rule relating aggregation pro- 
bability to surface tension. That newly ag- 
gregated particles should relax to neigh- 
bouring lattice sites on a growing aggregate 
is also commonsensical; at the least, this 
may be a good simulation of what happens 
in a reality, the permanent sticking of new 
particles that reach energetically favoured 
sites, and the rapid solution (volatization) 
of particles that first stick elsewhere. 

The snag, in the sequence of four sim- 
ulations of growth on a two-dimensional 


square lattice reproduced with Vicsel 
paper, is that the outcome is far from l 
a structure with fourfold ‘symmetry thai 
would be expected. To be sure, there 
signs of predominant growth in each o 
four axial directions, largely as a consequ 
ence of the positive correlation between 
sticking and curvature, but there is nc 
detailed simulation of the exquisite det 
ed rotational symmetry embodied in e 
other ice crystal (where the axis of ra 
is, of course sixfold and not fourfold). 
Vicsek says in his conclusion that th 
outcome of his simulations is only qualit 
ive, which is fair enough. Nobody woul 
pretend otherwise of a simulation of a real 
physical system in which only 
interactions between nearest neighbours 
are counted as significant. The obvious 
difficulty, of course, is that there can be 
very little hope of reaching better conc! 
sions by taking account of next-neares| 
neighbours, or of further refinements o 
that kind. And a little reflection will show 
why no other conclusion is possible. The 
aggregation of particles onto a growing 
surface will be determined exclusively by 
local properties, among which surface 
tension and the opportunities for energetic 
ally advantageous migration will be 
important. But the symmetry of a whole 
crystal, represented by the exquisite sixfold 
symmetry of the standard snowflake, must 
be the consequence of some cooperative 
phenomenon involving the growing crystal 
as a whole. What can that be? What can tell 
one growing face of a crystal (in three di- 
mensions this time) what the shape of the 
opposite face is like? Only the lattice 
vibrations which are exquisitely sensitive to 
the shape of the structure in which they 
occur (but which are almost incalculable if 
the shapes are not simply regular). 
What Vicsek seems therefore to haved 
complished is to have demonstrated th 
limitations of computer simulation in t 
representation of high crystal symmetry. 
The simple sticking rules of the model for 
diffusion-limited aggregation may serve 
well enough for dealing with the growth of 
amorphous particles (soot in the atmo- 
sphere, for example) but they are unlikely 
to throw much light on the reasons why so 
many simple crystal-growing operations 
yield such symmetrical structures: Back 
now in Budapest, Vicsek may feel inclined. 
to think of adding the complexity of lattice 
vibrations to the problem of simple Ising 
lattice calculations. But if not him, then 
somebody. Please. John Maddox 














































































asma physics 


; Jorm M.H. Key and R.G. Evans. 


< THERMONUCLEAR fusion offers a potent- 
ially limitless source of energy if the ex- 
treme conditions required for the fusion 
reaction can be achieved with cost effect- 
Giveness in a fusion reactor. The ignition 
_ temperature of the reaction is around 10°K 
and at this temperature the fuel (the hydro- 
en isotopes deuterium and tritium) is a 
plasma of free electrons and positive 
nuclei. The plasma must be confined long 
„enough for the nuclei to collide and fuse, 
thereby releasing over 10,000 times their 
initial thermal energy in the form of neu- 
trons, a particles, tritons and protons. Two 
major approaches have been adopted to 
achieve sufficiently long confinement. In 
one, typified by the Joint European Torus 
(JET) project in Oxfordshire, magnetic 
confinement is used to try and confine a 
„lọw density plasma for longer than one 
second in equilibrum in a magnetically-in- 
sulated vacuum vessel. The other, known 
as inertial confinement (ICF), requires sud- 
den heating of a milligram or so of dense 
fuel to the fusion temperature with only 
inertial confinement of the plasma for the 
~-~10°? seconds it takes for the explosive 
expansion. Both approaches were con- 
sidered in detail at a recent conference* but 
we shall confine ourselves to the session de- 
voted to laser fusion and ion beam fusion in 
ICF. 
The criterion for sufficiently long con- 
-i finement, often called Lawson’s Criterion, 
“gan be expressed as nt ~ 10'4 cm°s where n 
4g the number of nuclei per unit volume and 
+ the time of confinement. In the case of 
ICF, t=r/v, where r is the radius and 
-ip the thermal velocity of the ions, and 
Lawson’s Criterion for inertial confine- 
ment can be expressed in terms of the 
: density, o, as er ~ 1 g cm?; also the mass of 
‘the plasma scales as er. Since Lawson’s 
riterion gives ral/g, it follows that the 
mass, and thus ignition energy, scale as 
‘1/92, high density being required to satisfy 
‘Lawson’s Criterion for a small fuel mass. 
‘The ICF principle is used in the only 
successful man-made fusion reaction to 
ate - the hydrogen bomb - in which an 
atomic (fission) bomb provides the thermal 
energy to compress and heat a large mass of 
fusion fuel, releasing a huge amount of 
“fusion energy, 
< The aim of ICF research is to achieve 
‘controlled fusion of a relatively tiny mass 
of fuel at densities as high as 200 g cm? — 
one thousand times the density of liquid 
deuterium. Compression to such high 
‘densities requires a minimum pressure of 
several thousand million atmospheres. It is 
- planned to achieve this in the implosion of 





“*}0th international conference on ‘Plasma Physics and 
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Inertial confinement of fusion 


holiow shell targets containing the fuel at 
liquid density (0.2 g cm?) and <10°K 
driven by a pressure of about 10° atmos- 
pheres sustained for several nanoseconds. 
Ignition of the compressed fuel would be 
achieved at its centre in a small fraction of 
the mass by a strong spherically-converging 
shock wave. The whole fuel mass would 
then ‘burn’ with reabsorption of the 
thermonuclear a particles heating the cold 
fuel. Both lasers and ion beams are being 
considered as fusion drivers. 

Laser fusion has the considerable ad- 
vantage that it is relatively easy to irradiate 
small targets at the intensity (~10'5 W cm?) 
needed to generate a pressure of 10° atmos- 
pheres. Many aspects of laser fusion have 
therefore been studied using scaled down 
targets (r = 100 um), which require only 
kilojoule laser pulses to drive them. Small- 
scale experiments continue to be very im- 
portant in optimizing the compression pro- 
cess, most notably in showing the advant- 
ages of short wavelength (<0.5yum) 
irradiation. 

Experimental verification of improved 
laser absorption and reduced preheating by 
plasma wave instabilities, for 0.53 pm, 
0.35um and 0.26um illumination, was 
reported from the Lawrence Livermore 
National Laboratory, the University of 
Rochester and the Ecole Polytechnique re- 
spectively, with numerical simulation data 
from the US Naval Research Laboratory. 
In terms of target coupling, it seems that 
the shorter the laser wavelength the better, 
and nearly complete absorption is measur- 
ed at 0.35pan and 0.26m. 

To reach the megajoule pulse energy, 
which calculations indicate is needed to 
drive reactor-size targets, requires new 
laser technology. The world’s most power- 
ful operational laser at present is in Japan, 
at Osaka University’s Institute for Laser 
Engineering. The 12-beam glass laser 
(Gekko XII) generates 50 terawatts in 107° 
second pulses at the infrared wavelength 
1.05an. By early 1985, US supremacy will 
probably be restored when the 10-beam 
glass laser NOVA designed for 100 kJ in 
10° seconds (100 terrawatts) is due to be 
commissioned at Lawrence Livermore. 

Laser fusion experiments with this kind 
of machine have mainly been of either a 
‘direct drive’ or ‘indirect drive’ type, as 
illustrated in the figure. The latter ap- 
proach has produced a compressed density 
as high as about 20 g cm? at Lawrence 
Livermore but the details have never been 
published. Therefore there was consider- 
able interest at the meeting in similar work 
reported by Osaka University group. In 
their ‘cannonball’ implosion scheme, the 
ICF pellet is contained in an outer en- 
closure, with small holes to allow the input 
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of the laser energy. The inner pellet is 
driven by the plasma pressure in the space 
between pellet and outer wall, and/or by 
X rays generated by the heating effects of 
laser light at the walls of the enclosure. The 
Japanese scheme is believed to offer an 
improvement both in uniformity of pres- 
sure and in absorption efficiency but the 
experiments, which used the relatively long 
wavelengths of lym, still showed a signif- 
cant level of preheat and reached densities 
of only about 10g cm?. A density of up to 
40 g cm was reported for similar 
experiments with a wavelength of 0.53,m 
at the Lawrence Livermore, using the new 
two-beam prototype of the NOVA laser to 
generate 10 kJ, 10° second pulses, but few 
experimental details were given. 

Direct drive compression requires a 
highly uniform (+1%) irradiation of the 
target, which is difficult to achieve. The 
University of Rochester reported high 
quality laser beam profiles and predicted 
a + 10% uniformity with their 24-beam 
OMEGA laser now being converted to 
operate at 0.35pm. The required uniform- 
ity of implosion should then be achieved 
through the ‘smoothing’ effects of heat 
transfer within the pellet atmosphere. Dir- 
ect measurements of this smoothing factor 
were presented from the Central Laser 
Facility at the Rutherford Laboratory in 
the UK and from CEA Limeil, France. Re- 
sults from the Ecole Polytechnique showed 
implosions driven by 0.26.m light in small 
scale experiments; better symmetry was ob- 
tained by focussing the laser beams in front 
of the target, instead of behind as is normal 
practice. From their attempts to achieve 
simultaneously the benefits of short wave- 
length lasers and thermal smoothing, the 
Rutherford Laboratory presented X-ray 
radiographic data of very symmetrical 
implosions driven by either six or twelve 
beams at 0.53 um, in which compression up 
to 10g cm? was achieved. 

The optimum wavelength for laser 
fusion lies somewhere between 0.2-0. Sym. 
Shorter wavelengths have the advantage of 
increased coupling efficiency and reduced 
preheat, but place more severe contraints 
on laser uniformity. The new technique of 
‘induced spatial incoherence’, being de- 
veloped by the Naval Research Laboratory 
and at Osaka University, may produce 
more uniform illumination by scrambling 
the phase of the laser so that, in effect, it 
becomes a large number of incoherent 
beamlets. Successful operation of this 
scheme could make the 0.26 ym krypton 
fluoride laser the hot favourite for an ICF - 
test reactor because of its high efficiency 
(several percent) and short wavelength. 
Indeed, a major problem for laser fusion 
is the low efficiency (0.1%) and low rep- 
etition rate (1/hour) on Nd glass lasers 
compared to the efficiency of about 5% 
and repetition rate of 50 Hz needed for an 
ICF power station. 

Ion beams are generally more efficient — 
(210%) and can operate at higher repet- 
ition rates. Their exploitation as fusi 
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Indirect drive 





Alternative schemes for laser-driven implosions. In direct drive, a hollow spherical target is illum- 
inated with laser light from all directions and plasma flows out from their radiated surface. In 
“~~ indirect drive, the target is contained in an outer shell, with laser radiation entering through two tiny 

ports. The enclosure is filled with plasma. 


_ drivers has lagged behind that of laser 
` -beams because they cannot be scaled down 
-ih pulse energy and duration and at the 

same time drive small targets at relevant 


intensities. Research has therefore concen- 


‘trated on building large machines to study 
the driver technology problems. 

The scaling problem, which is less severe 
when light ions (Z<10) are used, was the 
subject of major presentations from the 
National Research Laboratory, and Sandia 
National Laboratory in the US, and from 
Osaka University. Subtle changes to the 
anode profile in ion beam diodes have pro- 
duced power densities up to 10'3 W cm, 
close to that needed to drive an ICF pellet. 

. These light-ion machines have hundreds of 
“kilojoules of stored electrical energy and 
use electrical techniques to deliver most of 
this energy in about 10 nanoseconds. The 
first stage is a normal pulse-charged trans- 
mission line delivering a pulse of about 25 
nanoseconds, and a new second stage of 
pulse compression is now in use in both the 
United Stated and Japan. The transmission 
line is effectively short circuited at the 
output end by a burst of plasma, resulting 
in the electrical energy being stored induct- 


_° ively. As the plasma current builds up, it 


_ magnetically insulates itself, rapidly shuts 
off the current and gives an output pulse 


twice the input voltage and one third of the 
pulse duration. 

In principle, heavy ions (Z > 50) are also 
a contender in the long-term battle for an 
ICF driver but the principle still awaits 
proof on even an intermediate-sized mach- 
ine of reasonable cost. But the advance of 
induction linac technology has led to a US 
proposal for a test accelerator that would 
come within a factor of three of an ICF 
driver in all key parameters. 

The results presented at the meeting 
show that magnetic and inertial confine- 
ment fusion are now in similiar positions. 
In both schemes the ignition temperature 
can be achieved at low densities, while 
high-density relatively low-temperature 
plasmas are steadily being pushed towards 
the Lawson Criterion. Perhaps magnetic 
fusion is closer to demonstrating a con- 
trolled fusion burn, but the reactor engin- 
eering problems seem less daunting in ICF. 
To demonstrate an efficient fusion burn; 
both approaches will probably need bigger 
and more expensive machines in the next 
few years. The engineering of a reactor will 
present major challenges for subsequent 
decades. Oo 
M.H. Key and R.G. Evans are at the SERC 


Rutherford Appleton Laboratory, Chilton, 
Didcot, Oxon. OX11 0QN, UK. 








Evolutionary biology 


Raising the wrong children 


from Paul H. Harvey 


One of the most important constraints on 
an animal’s reproductive output is its need 
to invest in its young. Perhaps, then, it is 
not surprising that patterns of behaviour 
have evolved by which parents persuade 
others to raise their offspring. For 
example, foster-parents may be led un- 
knowingly to invest in offspring that are 
not their own. Cuckoos and cowbirds are 
familiar for their use of other species but 
with the help of some ingenious techniques 
such parasitism is now being detected 
< within species. Detailed field studies on a 
number of species of birds and mammals 
are showing that parentage may be quite 


uncertain, even in species where it would 
seem most secure. 

Males and females use different methods 
to get their offspring accepted by a rival. 
Males surreptitiously copulate with other 
males’ partners, whereas females dump 
their young into other females’ broods. 
While the former strategy is found among 
both birds and mammals, the latter seems 
largely restricted to birds, possibly because 
female mammals rapidly learn to recognize 
their own offspring. 

Andersson' has identified two evolut- 
ionary routes to successful egg dumping. 
The first occurs when nest sites are few. 





Two females lay eggs in the same nest and, 
when one withdraws to find another nest in 
which to lay, the other is left with a clutch 
of mixed maternity but is unable toidentify 
which eggs are her own. She therefore 
incubates them all. The second route to 
brood parasitism results from nest failure: 
if a female loses her clutch to a predator, 

if her nest is destroyed before she has co 
pleted laying, she may lay in another nest 
the same species. Comparative data su 
port Andersson’s ideas; nest sites.are often 
limiting among hole-nesting species, | 
group in which egg dumping is prominent, 
while heavy rains followed by flooding of 
nests often leads to increased intraspeci 
brood parasitism?. A recent study 
Charles Brown? identified intraspecific 
brood parasitism in colonial cliff swallows 
(Hirundo pyrrhonota) and provided’ an 
interesting though unexplained correlate 
with sociality. In colonies with less than ten 
nests, females laid eggs only in their own 
nests, but in larger colonies up to 24 per 
cent of the nests contained at least one illicit 
egg. 

One lesson that emerges from the 
growing literature on the subject is that 
extremely detailed- observational studies 
may be necessary to detect egg dumping. 
In many species, the intruding female: r 
moves an egg and replaces it with one of her 
own so that the returning (now surrogate 
parent finds an apparently undisturbed 
nest. Since most birds lay an egg a day, t 
casual observer will also record a state of 
domestic tranquility. ee 

Careful observation of individual birds 
also shows that the bounds of monogamy 
or the pair bond are frequently ove 
stepped. But copulation does not ensur: 
paternity and there are still very few 
paternity-exclusion studies. Some of the 
most reliable of these use electrophore- 
tically-detectable protein variation to 
demonstrate that a putative father could 
not possibly have sired a particular of 
spring. One of the first such studies o 
birds has recently been published*.. 
concerns the apparently monogamo 
eastern bluebird (Sialia sialis), and shows 
that at least 5 per cent of adult males. and 1 
per cent of adult females in the sample were 
caring for at least one offspring that w. 
not their own. The same method has been 
used in three notable paternity-exclusion 
analyses of mammals. One concludes tha 
78 per cent of Belding’s ground squi 
(Spermophilus beldingi) litters are sired by 
more than one male‘. The other two studies 
show that males of two harem-dwellin; 
species — the spearnose bat (Phyllostomus 
hastatus) and the black-tailed prairie dog 
(Cynomys ludovicianus) — could not have 
fathered all the offspring®’. 

Electrophoresis is not the only way to 
demonstrate that a male has been cuck- 
olded. Vasectomy is an even more incisive 
technique. In the classic study of this kind, ~ 
Bray et al. vasectomized male harem- 
holding red-winged blackbirds (Agelaius 
Phoeniceus) and yet found that several of 






























































heir mates laid fertile elutches?®, 

A less intrusive technique has recently 
provided surprisingly good correlative 
evidence for successful cuckoldry in the 
pied flycatcher (Ficedula hypoleuca} . This 
species is one of a growing number that is 
recognized as being polyterritorial. A male 
efends a small territory around a nest 
hole, a female mates with him and starts to 
lay a brood, and the male then dupes a 
econd female into mating with him at a 
‘second nesting territory (often some dis- 
‘tance from the first) before leaving her, to 
return and feed his first mate’s young. The 
primary female succeeds in fledging con- 
derably more young than does the 
ond), While the male is away from the 
nest, the primary female sometimes cop- 
tes with a secondary male from 
an adjacent territory. To see if these cop- 
ulations result in paternity, Alatalo et a/.? 
‘measured tarsus lengths of the primary 
female, the primary male and the offspring 
n. several hundred pied flycatcher nests. 
e correlation between mothers and off- 
spring is considerably better than between 
fathers and offspring. Not surprisingly, 
perhaps, there is a significant positive 
orrelation between the tarsus lengths of 
ffspring and the adult males in the nearest 
erritory. This correlation is unlikely to be 
aused by common environmental factors 
ince there is no correlation between the 
rsus lengths of adult males from neigh- 
ouring territories. Instead, it seems that 
bout a quarter of the hatchlings in the 
tudy were not sired by the resident male. A 
ess exhaustive study produced similar 
esults with the congeneric collared 
flycatcher (Ficedula albicollis}. 

One clear implication of these studies is 
that the genetic structure of a population 
1 seldom be quite what one would expect 
_from the idealized picture of its breeding 
“system derived from casual observation. If 
conspecifics are being fooled, it is likely 
‘that human observers are too. The social 
“behaviour of a species, including its 
‘breeding system, necessarily evolves in the 
context of its actual genetic structure. To 
derstand the functional significance of 
ifferences in social organization among 
‘ds and mammals, we will need yet more 
etailed accounts of the actual patterns of 
slatedness in species with different kinds 
f mating systems and ecologies. o 
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Defining the Crab nebula 


from Virginia Trimble 


No Two remnants of the stellar explosions 
we call supernovae are alike. But the Crab 
nebula (SN 1054) — complete with 33 msec 
pulsar and lots of helium, yet lacking the 
usual rapidly-moving, shock-edged super- 
nova remnant shell — is even less alike than 
most. New observations, presented at a 
recent symposium*, serve to emphasize its 
uniqueness. Among the highlights were: 
dynamical information on the jet that 
protrudes from the main nebula; the 
probable demise of earlier evidence for an 
extended halo; identification of an ex- 
ceedingly similar, though not identical, 
remnant in the Large Magellanic Cloud; 
and discovery of a new class of non- 
thermal galactic radio and X-ray sources 
that are neither Crab-like nor shell-type 
supernova remnants (for more on which 
see pages 113, 115 and 118 of this issue). 
Sydney van den Bergh (Astrophys. J. 
160, L27; 1970) first reported a luminous 
jet extending from the north-east nebular 


boundary of the Crab nebula. Later work 


“The Crab Nebula and Related Remnants’, George Mason 
University, Virginia, 11-12 October 1984. 







































THE death on 14 November 1984 of Milan 
HaSek has deprived Czechoslovakia of 
one of its most distinguished scientists 
and one of the pioneers of transplan- 
tation biology. At the time of his death he 
was a leading scientist in the Czecho- 
slovak Academy of Sciences’ Institute of 
Molecular Genetics. 

HaSek’s great and enduring achieve- 
ment was to have discovered the phenom- 
enon of immunological tolerance, 
independently of all others, by the 
ingenious expedient of making a vascular 
bridge — a parabiosis — between two 
embryonated hens’ eggs. The chorio- 
allantoic membranes of the two eggs were 
laid bare over an area of about 0.5 cm? 
and these two windows were apposed to 
each other using a fragment of embryonic 
tissue to make a vascular bridge between 
the two membranes. Hašek showed that 
the two chickens hatched from these eggs 
had a greatly diminished ability to make 
red cell agglutinins against each other’s 
erythrocytes, and later it became clear 
that the chickens were mutually tolerant 
of skin grafts that were exchanged be- 
tween them. 

When Hašek began his work, he was a 
dedicated communist. This was evident 
from his early papers, in which the results 
were interpreted in terms of ‘negative 
hybridization’, a phenomenon that he be- 
lieved to cast doubt on ‘the absurd theory 
of the genes’. Hašek was far too intelli- 
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established that it emits both line (thermal) 
and continuum (synchrotron) radiation, 
and prompted countless models, which 
were invariably a bit contorted as the axis 
of the jet has never pointed back to the 
pulsar position, either now or in AD 1054. 
These models will have to be rethought in 
light of four new observations. First, the jet 
is moving outward along its own axis at 
about 4,000 kilometres per second (R.A. 
Fesen and T.R. Gull, University of 
Colorado and Goddard Space Flight 
Centre). Second, the local magnetic field is 
aligned with the jet (A.S. Wilson, Univer- 
sity of Maryland; T. Velusamy, Tata Insti- 
tute). Third, while moving outwards, the 
jet is simultaneously expanding cylindri- 
cally and perpendicularly to its axis at 
360 kilometres per second (Peter Shull, 
Oklahoma State University). And, fourth, 
composition of the jet is quite close to that 
of the adjacent nebular filaments, includ- 
ing a lower-than-average ratio of helium to 
hydrogen (R.C.B. Henry, University of 
Oklahoma). The length divided by the axial 
velocity and the width divided by the trans- 





gent to persist in these doctrinal delusions. 
Once he became aware of immunogenetic 
developments in the West — especially 
the discovery of immunological tolerance 
in inbred mice — he quickly mastered 
modern transplantation theory and, with 
some able colleagues, made many 
important contributions to it. Indeed, 
some of his papers have taken their place 
among the classics of immunology. 

Hašek happened to be abroad at the 
time of the Russian occupation of 
Czechoslovakia in 1968 but, despite his 
protest against this tragic event, decided 
to return. Sadly he was subsequently 
deprived of his influential post as director 
of the prestigious and, under his leader- 
ship, vigorous Institute for Experimental 
Biology of the Czech Academy ‘of 
Sciences. This, together with a recurrent 
illness, kept him in the wilderness for a 
long time. In recent years he re-estab- 
lished himself in the Institute of Mole- 
cular Genetics and, together with a group 
of bright collaborators, made numerous 
and substantial further contributions to 
transplantation immunology. 

Milan Hašek was a giant in more ways 
than one. He was a man of great physical 
stature and his enthusiasm and zest for 
life was legendary and infectious. He will 
be greatly mourned and missed by friends 
in the scientific community throughout 
the world. poo 
P.B. Medawar & L. Brent: 



















/ NATURE VOL.313 10 JANUARY 


NEWS AND VIEWS 





SNR 0540-69.3 

+ PULSAR 
Pulse period 0.050 s 
dP/dt 4.79 x 10°43 sg! 

dE /dr 1.5 x 10 ergs! 

Implied surface B 4x 102G 
T, (total) 1037 ergs"! 
Ratio L, : dE/di 0.05 


X-ray pulsed fraction 


23% (increases with £) 


CRAB NEBULA 
+ PULSAR 


0.033 s 

4.23 x 103ss! 
4.5 x 1038 ergs) 
3x 102 G 

2 x 107 ergs”! 

0.05 

4% (increases with £) 


X-ray pulse shape Sinusoidal (split peak) Sharp pulse, wider interpulse 
“Age from dP/dt 1,600 yr 1,230 yr 
Nebular radius l pe 2pe 
Nebular V (expansion) 1,250 kms"! 2,000 km s`? 
Expansion age 800 yr 844 yr 
Real age 800-100 yr (?) 930 yr 
“Optical pulsed L 1034 erg s~! 1034 erg s`! 
«Optical pulsed fraction 0.6% 0.4% 
“< B-V colour 0.85 + 0.35 0.5 
-Optical pulse shape Sinusoidal (split peak) Sharp puise and interpulse 
Radio pulsed flux.. = 0.5 mJy 6.6 Jy (10. mJy at LMC distance) 
‘Radio size o = Optical remnant = Optical remnant 
Remnant | o a O/H high; He/H normal O/H normal; He/H normal 
25-30 Mo 8-10 Mo 


Estimated progenitor 


verse velocity both give time scales of 600 
years. One is left with the impression that 
something punched a hole at a random 
weak point on the nebular surface, and that 
the local mix of thermal and relativistic gas 
shot out into a less confining medium. 

In the past, X-ray, radio, and optical ob- 
servers have all presented evidence that the 
Crab might have a normal, but inconspicu- 
ous, shell-type supernova remnant around 
it (see Trimble, V., Rev. mod. Phys. 55, 
‘$511; 1983), and Kurt Weiler (National Sci- 
Foundation) listed half a dozen such 
composite remnants. But the shell now 
seems to be imaginary. The diffuse X rays 
are due to instrumental and inter-stellar 
scattering (C. Mauche and P. Gorenstein, 
Center for Astrophysics, Harvard); even 
very faint filaments do not show the 
velocities of more than 2,000 kilometres 
per second that are needed to reach sizes 
- -greater than two parsec in 930 years (R.A. 
< Fesen, University.of Colorado and D. A. 
Ketelson, Kitt Peak National Obser- 
vatory); and VLA radio maps have not re- 


vealed any emission outside the main 


: nebula and jet down to levels about one- 
‘thousandth of the central peak surface 


Cell biology 











brightness (A.S. Wilson; T. Velusamy). 
Finally, the pulsar and associated rem- 
nant 0540-69.3 in the Large Magellanic 
Cloud resemble the Crab nebula and its 
pulsar in many ways. The data, summa- 
rized in the table, come from Frank Seward 
(Center for Astrophysics), Stephen Rey- 
nolds (National Radio Astronomy Obser- 
vatory), John Middleditch (Los Alamos), 
Robert Kirshner (University of Michigan) 
and Kenichi Nomoto (University of 
Tokyo). Some are rather tentative. Signi- 
ficant differences seem to include the X-ray 
pulse shape and fraction, the nebular com- 
position, and — perhaps — the absence of 
radio pulses and a dP/dt in 0540-69.3 that 
is sufficiently erratic to prevent meas- 
urement of the slowing-down index, 
PP/P?, which tests pulsar emission mech- 
anisms. Theorists are now hard at work ac- 
counting for both the similarities and the 
differences between the two objects. a 


Virginia Trimble is Visiting Professor of 
Astronomy, University of Maryland, 
College Park, Maryland 20742 and Professor 
of Physics, University of California, Irvine, 
California 92717, USA. 


Subtleties of actin assembly 


from Albrecht Wegner 


ACTIN is practically everywhere. Together 
with microtubules, actin filaments make 
up the principal dynamic constituents of 
: the cytoskeleton and they control the shape 
and movement of cells. Actin is capable of 
entering into a variety of complex and sen- 
sitive interactions, which regulate its state. 
Even the simplest possible system — that in 
which the actin monomer (G-actin) inter- 
acts with itself to form linear aggregates 
(F-actin) often several microns in length — 


> Chas been found to embody such an aston- 


2 ishing number of thermodynamic and kin- 





etic subtleties that it has kept many of the 
sharpest minds and fingers in biochemistry 
busy for years. Several 1984 papers suggest 
that it has been a vintage year. 

It is plainly necessary to understand the 
self-association of actin before one can 
hope to attain a proper grasp of the way in 
which it is affected by the many varieties of 
acting-binding protein that are present in 
the cell. An important early discovery was 
the fact that actin monomers bind ATP, 
which is hydrolysed in the course of poly- 
merization of G-actin to long filaments. 








The ADP resulting from hydrolysis 
mains bound to the actin molecules in 
filament and inorganic phosphate is r 
leased into solution. The wider importance 
of this process became clear when ‘it Ww. 
discovered that microtubules assemble 
an analogous mechanism that makes.use 


focussed on the effect of ATP and, ADP o: 
actin polymerization and it has becom 
clear that it is promoted by ATP. WI 
only ADP is present on the actin moni 
mers, polymerization is slower and the p 
portion of the free monomers left ove: 
the end (in equilibrium with the filament 
is greater. Moreover, the process of 
hydrolysis can allow actin filaments 
‘treadmill’, that is to lengthen atoneend b 
incorporation of monomers while short 
ing at the other by release of subunits. 1 
steady-state flux is caused by the differen 
of the affinity of the two filament ends f 
monomers. The ends are distinguished b 
the structural polarity of the filament an 
are called ‘barbed’ and ‘pointed’ ends be 
cause of their appearance in electro: 
micrographs after labelling with myosi 
subfragments. The barbed ends have. 
higher affinity for actin monomers and ar 
faster growing than the pointed ends. 

Recently, there has been striking p 
gress in understanding the fine details 0 
actin polymerization. Rates of elongati 
of the two ends of filaments have been 
vidually determined and the time course 
ATP hydrolysis has been measured a 
rately and compared with the rate of el 
gation. Emerging from the combination o! 
all these data, important facts about. 
dynamics of actin filaments have led to. 
teresting conjectures about the function c 0 
actin in the cytoskeleton. 

In particular it has been discovetėd t 
polymerization and ATP hydrolysis ar 
not coupled!?, Actin monomers bearing 
ATP associate with the filament ends 
hydrolysis follows about ten seconds later 
Under conditions of polymerization, mi 
new monomers can bind at the two en 
during the period required for ATP 
drolysis. Thus, the ends of actin filam 
carry a string of subunits with bound A 
referred to asan ‘ATP cap”. Subunitsn 
the middle of the filament possess ‘be 
ADP, since they are the first to assem 
and have had sufficient time to allow. 
hydrolysis. Under conditions of depo 
erization the composition of the filamen 
ends is different. Filaments lose their 
caps with the departure of the terminals 
units. Depolymerizing filaments theret 
have ADP-containing subunits. at. thei 
ends. Thus a consequence of the decoup 
ling of polymerization and ATP hydrolysi: 
is that the ends of the growing and sho 
ening filaments differ in composition*. 

If the identity of the nucleotide on the 
terminal subunits affects the rate of attach 
ment and dissociation at these points, one - 
can imagine readily that the presence or 
absence of ATP caps will have drastic con- 
sequences for assembly and disassembly of 

















































filaments. The rates in-question have been 
determined5; ADP-bearing subunits dis- 
‘sociate five times as fast from filament ends 
-as ATP-subunits. A depolymerizing fila- 
‘ment with terminal ADP-subunits loses 
‘monomers at five time the rate of a length- 
ening one with an ATP cap. In other 
words, the composition of a shortening 
filament end favours depolymerization 
and that of a lengthening filament end dis- 
favours it. It follows that the preferred 
‘direction of filament growth depends on 
‘the concentration of actin monomers. At 
-high monomer concentration, attachment 
-of monomers prevails over dissociation, 
‘leading to lengthening filaments with ATP 
caps. At low monomer concentration, as- 
tion is slower than dissociation. 
laments thus shorten and possess ter- 
minal: ADP-subunits. Near the so-called 
critical concentration, at which the tran- 
sition from shortening filaments into 
-Jengthening filaments occurs, relatively 
small changes in the monomer concen- 
tration lead to a major change in the poly- 
‘merization mechanism of actin. Just below 
‘critical monomer concentration, ADP- 
ubunits dissociate rapidly from filament 
ends; just above it, filaments develop ATP 
caps and dissociation of the terminal ATP- 
subunits is slow. The lesson is that small 
anges in monomer concentration, under 
he right circumstances, can exert a greatly 
amplified effect on the composition of fila- 
ment ends, very probably on their reac- 
ivity towards ‘capping’ proteins, and cer- 
ainly on the growth rate of filaments*. 
‘Despite this considerable advance in our 
‘understanding of actin assembly, import- 
ant questions remain to be answered, For 
example, do ATP-monomers bind to an 
ATP cap at the same rate as to filament 
ends with ADP-bearing subunits? A recent 
heoretical discussion analyses the con- 
“sequences that the answer might have‘. If 
“the ATP-monomers prefer ATP caps, 
Jengthening filaments with their ATP caps 
will continue to grow because they can in- 
“corporate monomers rapidly, whereas 
shortening filaments, with terminal ADP- 
subunits, will go on depolymerizing 
because they bind monomers only slowly. 
us both lengthening and shortening fila- 


100 years ago 


AccorpinG to the North China Herald there 
ied a few months ago at Pekin, the greatest 
-Chinese mathematician of the present century. 
-His name was Li Shan-lan, and he was Professor 
of Mathematics at the Foreign College in the 
Chinese Capital. He differed from the mathem- 
-“aticians of Europe in this respect, that he denied 
“the non-existence of a point. “A point,” said 
Prof. Li, “is an infinitesimally small cube,” and 
in saying this he only reproduced the theories of 
“Chinese sophists 2000 years ago. A great writer 
_ of that age said: Subtlety is the occult part of the 
minute. Be a thing subtle or gross, it seems to me 
hat it must havea form. But I takeit that what is 
“neither gross nor subtle can neither be talked of 
-nor imagined. 

From Nature, 31,227; 8 January 1885. 


ments will coexist in the solution, and will 


interconvert only slowly. No experimental 
evidence for this phenomenon yet exists, 
but the theoretical treatment shows what 
ramifications of the ATP-hydrolysing 
system may come to light. 

Another open question is whether or not 
the two ends of the filaments behave dif- 
ferently in the above respects. Under phy- 
siological conditions, the barbed end binds 
and releases actin molecules about ten 
times faster than the pointed end. In most 
types of experiment, the sum of the growth 
rates at the two ends is measured. Because 
of the much higher activity at the barbed 
end, the information that emerges reflects 
mainly the events at that end, for they 
swamp the slower reactions occurring at 
the pointed ends. Many proteins are known 
to bind to the barbed ends and there modu- 
late the polymerization and disassembly of 


actin’. Indeed, only one cytoskeletal pro- 
tein has so far been found to associate with 
the pointed ends of filaments. Perhaps, in 
general, the barbed filament ends in cells 
are occupied by proteins which regulate 
their dynamics, whereas the pointed ends 
are most often free. This makes it all the 
more important to develop methods for in- 
vestigating what goes on at the pointed 
ends of the filaments. Oo 
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Drosophila development 


Abdominal gene organization 


from Phil Ingham 


OvER the past few months, the growing 
interest in the developmental genetics of 
the fruitfly, Drosophila melanogaster, has 
received an added stimulus from the dis- 
covery of a ‘homoeo box’ sequence that 
characterizes some of the genes underlying 
development!.?. One focus has been on the 
bithorax complex — a cluster of genes that 
control the development of all segments 
of the Drosophila body posterior to the 
second thoracic segment. Yet, while the 
discovery of several homoeo box sequences 
in the bithorax complex has facilitated 
identification and analysis of a transcript 
deriving from its distal or ‘abdominal’ 
region ' , understanding of this region at the 
developmental and genetic level has re- 
mained less than comprehensive. An ex- 
tensive analysis by Morata and co-workers, 
published on page 108 of this issue?, goes a 
long way towards redressing the balance. 
Intriguingly, the genetic organization of 
the bithorax complex that emerges 
corresponds well with the distribution of 
homoeo box sequences (see ref. 4) within 
the complex. 

The induction and identification of 
mutant alleles of genes has had an import- 
ant impact on the study of the bithorax 
complex. Mutations mapping to the prox- 
imal region of the complex have dramatic 
effects on the development of the adult fly; 
bithorax (bx) and postbithorax (pbx), for 
example, transform the small metathoracic 
appendage, the haltere, into the much 
larger mesothoracic wing®*. Equally as 
striking is the replacement of part of the 
first abdominal segment by thoracic legs 
that is caused by bithoraxoid (bxd) 
mutations. Using these gross changes in 
developmental potential as an assay, E.B. 
Lewis has carried out a detailed dissection 
of the proximal region of the complex*7. 


The complexity of the genetic organization 
that is revealed has since been confirmed in 
almost every particular at the molecular 
level?. Lewis has demonstrated the 
existence of four genes or functional units, 
abx (anterobithorax), bx, pbx and bxd, 
each of which controls the development of 
a specific developmental compartment!° 
from the posterior compartment of the 
mesothoracic segment to the anterior com- 
partment of the first abdominal segment. 
All four genes seem to be subsumed by a 
fifth gene, named Ultrabithorax (Ubx), 
mutations of which fail to complement 
abx, bx, pbx and bxd mutations. The 
region of the body affected by all these 
mutations is thus termed the Ubx domain}. 
Molecular analysis has revealed that abx, 
Ubx and bx mutations all fall within a 
single large transcription unit (termed the 
Ubx unit) whilst bxd and pbx mutations 
map in a smaller adjacent transcription 
unit (the bxd unit)’. This genetic and 
structural complexity is still not fully 
understood, but it seems that transcripts- 
from the Ubx unit are required in all four 
compartments that constitute the Ubx 
domain'', and that transcription. may be 
potentiated in two of the compartments by 
the bxd unit*+!?, 

In contrast to these complexities of 
control by the proximal region of the 
bithorax complex, Lewis suggested that the 
development of each abdominal segment 
of the fly is simply controlled by one of the 
infra-abdominal (iab) genes®. Whilst this 
provides a reasonable working model of 
the bithorax complex as a whole, it makes. 
no predictions about the nature (if any) of 
the hierarchical organization of the 


abdominal region of the complex. The. . 


novel and important finding of Morataand. - 
collaborators? is that theabdominalregion __ 
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is further subdivided into two major genes 
which seem to be structurally and func- 
tionally similar to the Ubx gene. 

Study of the abdominal region is ham- 
pered by the limited diversification be- 
tween abdominal segments; segments A2 
to A6 of the adult female are so similar that 
transformation of one to another would 
probably go undetected in a standard 
screen for mutants. Whereas dominant 
‘gain-of-function’ mutations of abdom- 
inal genes have been recognized by their 
ability, for example, to transform the last 
thoracic segment to an abdominal segment 
or cause a male-specific A5 pigmentation 
pattern in A4, and some ‘loss-of-function’ 
mutations have been induced by reverting 
these dominant mutations, the iab genes 
have in large part remained hypothetical. 
_. Morata and co-workers have circumvented 

“the problem of identifying abdominal 


o : mutants by employing a screening protocol 


that allows recognition of mutations in the 
ultrabithorax complex solely on the basis 
of their lethality (non-lethal mutations 
causing an easily-visible phenotype can 
also be picked). Whilst this may seem an 
obvious expedient, it is worth remembering 
that none of the Ubx subfunctions mutate 
to lethality and so the method is not guar- 
anteed to identify all elements of the 
complex. Nor indeed have Morata and 
collaborators succeeded in isolating 
mutations corresponding to each postu- 


~, lated igb locus. But they have been able to 


identify. two major genes, designated 
abdominal-A (abd-A) and Abdominal-B 
(Abd-B), which together control the 
development of all segments posterior to 
the Ubx domain. In both cases, and like the 
Ubx domain, the realms of action of these 
genes extend over more than one segment. 
Moreover, the abd-A domain begins not 
at a segment border but rather at the 
boundary between anterior and posterior 
compartments in segment Al (where the 
Ubx domain ends!) thus confirming that 
¿c bithorax complex genes act on compart- 
“mental rather than segmental units!??!4, 
= Mutations in Abd-B affect the develop- 
“ment of segments A5 to A8 but have no 
effect on more anterior segments; the Abd- 
B gene therefore subsumes the functions 
previously attributed to the iab-5,6, 7 and 8 
genes. Similarly, a@bd-A apparently 
subsumes the functions of iab-2,3 and 4 
since abd-A mutations transform segments 
A2, A3 and A4 to A1. This is demonstrable 
in the case of iab-2 because a mutant allele 
of this gene already exists'>. As expected, 
in iab-2/abd-A animals, segment A2 is 
transformed to Al whilst A3 and A4 are 
unaffected. Thus iab-2 appears to 
represent a sub-function of the abd-A 
gene, in a way comparable to the relation 
between bx and Ubx. The analogy will be 
considerably strengthened if mutations in 
the elusive iab-3 and iab-4 genes also turn 
out to be allelic to abd-A. 
The results of this study have consider- 
_ able significance for the future analysis of 
the bithorax complex. They. provide the 
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comprehensive description of the struct- 
ural and functional organization of the 
abdominal genes that will be essential to a 
full understanding of the region at the 
molecular level. One obvious inference is 
that the abdominal region contains two 
further major transcription units, each 
analogous to the Ubx unit. This prediction 
had been foreshadowed by the mapping of 
two homoeo boxes within the complex but 
distal to Ubx!4. Whether the transcripts 
deriving from the abd genes are modulated 
in different compartments by iab 
analogues of the bxd unit remains an open 
question. The coming months should 
prove to be as exciting and revealing as the 
past year has been, m 
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Lighting up the past with lasers 


from Ann G. Wintle 


THE same basic property of common min- 
erals, such as quartz and feldspar, that 
enables pottery and sediments to be dated 
by thermoluminescence has now been ex- 
ploited in a new optical dating method, 
described by D.J. Huntley, D.I. Godfrey- 
Smith and M.L.W. Thewalt on page 105 of 
this issue. The build up of electrons 
trapped at defects in crystals of the 
minerals when they are exposed to ionizing 
radiation is the basis of both techniques. 
Provided that the electrons already trapped 
in the minerals had been removed in the 
firing of pottery or the deposition of 
sediment, then the electrons accumulated 
thereafter and experimentally untrapped 
by thermal or optical means will provide a 
measure of the sample’s age. 

The new optical-dating method has been 
applied to quartz grains from several 
sedimentary environments. The trapped 
electrons which have built up in the grains 
since they were last exposed to light at 
deposition are optically excited from their 
traps by the 514.5 nm beam from an argon- 
ion laser. A portion of these electrons 
recombine within the crystals and produce 
luminescence. The emission spectra of 


‘naturally-occurring quartzes are complex 


and vary with temperature, the origin of 
the samples and their previous exposure to 
radiation (McKeever, S.W.S. Rad. 
Protect. Dosimetry 8, 81; 1984). At room 
temperature the spectra of most samples 
are dominated by a broad blue emission in 
the region 450-470 nm. Using suitable 
filters both for the argon beam and in the 
detection system, the luminescence in this 
region can be detected with a high signal- 
to-noise ratio whilst the sample is being 
optically excited. 

This development has come at a partic- 
ularly interesting time in the application of 
thermoluminescence dating to sediments. 
In Europe, most dating has been carried 
out on the feldspar grains from loess 
thought to be less than:130,000 years old 








(Wintle,,A.G.,Shackleton, N.J. and Laut- 
ridon, J.P. Nature 310, 491; 1984), But it 
has recently been shown that the thermo- 
luminescence signal from feldspar is 
unstable, cannot be used at all for samples 
older than about 120,000 years (Deben- 
ham, N.C. Nuclear Tracks; in press) and 
would result in underestimating by great 
than 10 per cent the age of samples that ar 
older than 30,000 years. 

This problem will result in a move't 
quartz as the more suitable mineral fo 
thermoluminescence dating, despite. th 
fact that it has a lower thermoluminescence 
sensitivity and is less easily bleached tha 
feldspar. Because quartz loses its trapp 
electrons relatively slowly on exposure to 
light, there is always the worry. that 
extended laboratory bleaching, either wi 
a sunlamp or sunlight, may not give the 
correct assessment of the trapped electro 
population at the time of deposition. Thi 
is most likely to be true for glacial melt- 
water sands or river sediments. If the lab 
oratory bleach is too long, then thé signal’ 
obtained by thermoluminescence measure- 
ments will be too large and result in an ove 
estimate of age. 

The new optical dating method avoids 
this problem, because the signal observed 
immediately after exposure to the lase 
beam is that from the most light-sensitiv 
electron traps, which would also have been 
the first to be emptied at the time o 
deposition. These electron traps appear t 
be much more light sensitive than those on 
which thermoluminescence measurements 
depend; a ten-second exposure to sunlight. 
severely depletes them of electrons. ‘The 
new method should therefore be a means of 
dating water-lain deposits and glacial 
sediments, which are likely to have had 
only a short exposure to light. nee 
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Semiconductor technology 


i from lan W. Boyd and Steven C. Moss 


PULSED laser annealing (PLA) is a tech- 
‘nique which uses intense bursts of laser rad- 
jation to repair the damage produced by 
ion implantation of crystalline semicon- 
ductors, thus improving the structural 
order and the electrical properties of the 
annealed material. The mechanism behind 
the technique has been the subject of a 
- great deal of heated debate over the past 
few years', but evidence compiled from a 
_ wide variety ‘of measurements now seems to 
vour strongly a thermal model over a 
non-thermal model. 

Initially, microscopic examination of the 
irradiated surface of the semiconductor 
d evidence for the redistribution of im- 
arity atoms within the material suggested 
it had melted and then recrystallized by 
iquid-phase epitaxial regrowth. In that 
case, the laser radiation was thought to 
excite electrons in the valence band across 
_ the bandgap and into the conduction band, 
from which they very rapidly relaxed back 
to: the valence band, transferring their 
energy to the lattice, and thereby heating 
up and melting the material. Alternatively, 
it was suggested that so many electrons 
could be excited into the conduction band 
- that the usually strong covalent bonding of 
-the solid would be severely weakened. In 
“that case, it was possible to envisage a 
_ phase transition whereby, instead of vio- 
ient atomic vibrations breaking the solid 
into a hot liquid phase in the usual thermal 
“melting sense, the material ‘wobbled’ itself 
_ gently into a cool jelly-like structure. 
-There followed a period of unpreced- 
"ented activity in numerous laboratories to 
differentiate between the two models. 
Unfortunately, many experiments were 
“performed too hastily, some were extr- 
emely difficult, and others were extremely 
difficult to interpret. Early results 
avoured the non-thermal model, which 
was vague enough to accommodate many 
strange phenomena. However, over the 
following years, experiments were 
repeated, reanalysed and sometimes rein- 
sreted. On the basis of experiments 
‘entred around the measurement of the 
lattice temperature during and after the an- 
nealing pulse, an onslaught on the non- 
- thermal model was mounted. The structure 
and physical properties of the irradiated 
material were also subjected to unique and 
most ingenious investigations!. 

Early support for the thermal model was 
‘strongly initiated by time-resolved reflec- 
tivity measurements on a nanosecond 
scale, using a weak probe beam centred on 
the irradiated layer during the annealing 
event. The observed high reflectivity 
phase was characteristic of liquid silicon 
‘and transient transmission measurements 
in the same regime have recently been 
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shown to be consistent with melting‘. 
Previous measurements of the same kind, 
which had appeared to favour non-thermal 
mechanisms, were apparently in error, 
because of detector artefacts. Time-of- 
flight mass spectrometry, in conjunction 
with transient reflectivity, enabled an 
analysis of the atoms ejected from the 
surface during the annealing process. Early 
measurements provided some support for 
the non-thermal model by showing that 
melting occurred only for pulses more than 
75 per cent greater in energy than the 
previously determined annealing thres- 
hold, but a careful repeat of the experiment 
has since shown that the evaporation rate at 
the PLA threshold is indicative of tem- 
peratures exceeding the melting point>. In- 
dependent photoemission studies (see R. 
T. Williams ef al. in ref. 2), as well as time- 
resolved structural measurements with syn- 
chrotron X rays® and low energy electron 
diffraction’, are also in agreement with the 
thermal-melting model. Transient elec- 
trical conductance of the irradiated 
material not only yields strong evidence of 
rapid melting but also provides quanti- 
tative estimates for melting and solid- 
ification velocities*. — 

Great controversy has surrounded the 
interpretation of several sets of Raman 
scattering data that have been recorded at 
particular frequencies during the laser 
annealing cycle. The earlier work was seen 
as strong evidence against thermal melting, 
since maximum lattice temperatures 
around 600 K were deduced (silicon melts 
at 1685 K). More recently, frequency- 
resolved Raman data taken at fluences just 
below the transition threshold (the high re- 
flectivity phase cannot be Raman active) 
have indicated that temperatures close to 
the melting temperature of silicon can be 
reached. Furthermore, temporal resolut- 
ion artefacts during the kind of high energy 
PLA used in earlier measurements result in 
misleadingly low estimates of the maxi- 
mum temperature (see Von der Linde ef al. 
in ref. 1). 

Clearly, in the nanosecond excitation 
regime, high lattice temperatures and 
melting occur in extremely short time 
periods. But how long does it take for the 
energy in the highly excited electronic 
plasma to be transferred to the lattice? 
Picosecond studies of laser-induced phase 
transitions have been most useful in eluci- 
dating the various optical- and electronic- 
scattering phenomena. Using 15-20 ps 
pulses, and monitoring the reflectivity and 
transmission of a weak probe beam, it has 
been deduced that lattice melting occurs 
during the pulse duration (ref. 9, and 
Bucksbaum & Baker in ref. 1) and that the 
maximum electron-hole plasma concent- 





TURE VOL. 313 10 JANUARY. 1985 


ration during the 20 ps pulses was less than ` 
10?! cm-3 (ref. 9). Also, by observing the 
thermally-induced variation of the 
multiple reflections in silicon-on-sapphire 
during annealing, direct measurement of 
lattice heating has been possible (see 
Lompre et al. in ref. 1). An analysis of the 


‘emission of charged particles from the 


sample surface is also consistent with 
thermal melting, sets an upper limit of 
5000 K on the electronic temperature and 
suggests that thermalization between 
carriers and lattice occurs within 10 ps (see 
Malvezzi et al. in ref 1). 

In the course of rapid melting, it is pos- 
sible to obtain such fast cooling rates that 
the liquid layer freezes in an amorphous 
configuration before recrystallization can 
occur!®, Such ‘amorphization’ is clearly 
consistent with thermal arguments. Opt- 
ically-induced phase transitions have also 
been studied during the past year using 
55-90 fs pulses. Time-resolved reflectivity 
clearly shows that the energy transfer from 
the excited carriers to the crystal lattice, 
and subsequent melting, occurs within a 
few picoseconds''. An independent study 
of the structural changes, in which the 
symmetry dependence of the second- 
harmonic generation from a weak probe 
pulse reflected from the crystal was mon- 
itored, clearly indicated a transition from 
order to disorder on a time scale less than a 
picosecond, again consistent with rapid 
melting!?, However, an analysis of recent 
measurements of the self-induced reflect- 
ivity of intense 100 fs pulses incident upon 
silicon requires carrier densities very close 
to the total number of valence electrons, 
and energy relaxation rates that are 300 
times larger than the low density relaxation 
rates}, If confirmed, these results may 
once again imply the necessity of a non- 
thermal role in the kinetics of laser-induced 
‘melting’ on the femtosecond time scale. 
On this time scale, however, the photo- 
excited system is far from equilibrium, and 
the definitions applicable to longer time 
scales become less appropriate to describe 
any of the transient states of the matter. 
Until the appropriate measurements are 
performed and until physical properties are 
redefined in this regime, the now well worn 
and metamorphic non-thermal model must 
remain on the desks of the inventors. a 
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DNA markers and sampling of three-generation families can be used to construct complete linkag 
maps of human chromosomes. This is important in mapping disease loci and in determining the geneti 


or environmental component of a disease. 





A-RELATIVELY new system of genetic markers, based on direct 


¿detection of DNA sequence polymorphism with restriction en- 


zymes, has made it possible to initiate the construction of a 

~ detailed genetic linkage map for the human’. The new genetic 
loci are defined by cloned DNA segments which can represent 
genes of known specificity or arbitrary loci without known 
function. In addition to their localization to specific regions of 
specific chromosomes by physical methods”, the linkage dis- 
tances and gene orders which characterize these new markers 
can be estimated by family studies. 

The human genome is estimated to span 3,300 centimorgans; 
localization of a new locus can be achieved in studies of reason- 
able scale if marker loci are spaced at 40 centimorgans*. It 
follows that only 80-100 evenly-spaced genetic marker loci may 

.. be needed to cover the human genome and allow the placement 
of any new marker with a high degree of reliability. However, 
_in order to obtain evenly spaced loci, a much larger number of 
marker loci must first be placed on the map™*. This will be a 
large-scale endeavour and a high efficiency of data collection 
will be important. 





Applications of markers 


A linkage map with its constituent markers will contribute to 
the localization of a number of human genetic diseases, for 
example cystic fibrosis, on the human gene map. As most human 
genetic diseases have no known phenotype in cultured cells, 
they cannot be localized to specific chromosomes using hybrid 
cell mapping approaches. Their position on the gene map can, 
. however, be determined by cosegregation in families with linked 
genetic markers. 

A: set of such markers derived from a complete map has the 
advantages of even spacing, therefore markers from the same 
regions are not tested redundantly, with at least two linking to 
any genetic disease locus. Furthermore, because the genetic 
distances between the markers are known accurately, increased 
analytical resolution in mapping genetic disease loci will be 
possible. Such precision will be essential in smaller-sized 
families where genetic data are limited. 

When genetic disease loci are mapped, the adjacent polymor- 
phic DNA markers serve as preclinical indicators of genotypic 
status for individuals at risk. Duchenne’ and Becker® muscular 
dystrophy as well as Huntington’s disease’, X-linked retinitis 
pigmentosa’? and fragile X-linked mental retardation?’ have 
been linked already with DNA markers. 

A second important application is the genetic characterization 
of common traits and diseases and the determination of the 
genetic or environmental basis of disorders which cluster in 
families, for example, breast cancer’, schizophrenia’ and 
some forms of epilepsy'*. If individuals of a specific genotype 





oc Present address: Collaborative Research, Inc., 128 Spring Street, 





z Lexington, Massachusetts 02173, USA. 





only are susceptible to the disease, the disorder has a significan 
genetic risk factor. Cosegregation of the disorder with a geneti 
marker within the family can provide this demonstration, No 
only those disorders which have a genetic component can the 
be discovered, but also individuals at risk within such families 
can be identified. 

Over 200 polymorphic DNA markers have been reported! 
Although most of the reported markers have only two alleles 
a few have multiple alleles, apparently because of single base 
changes affecting restriction sites. As frequent heterozygosity is 
a critical requirement for linkage studies, the number and 
frequency of alleles available at a polymorphic locus character- 
ize its usefulness as a genetic marker. Multi-allelic human loci 
can result from multiple, independent restriction site alteration 
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Fig. 1 a, Autoradiogram of a Southern blot transfer from a threes 
generation family. Each lane contains DNA from the individual: 
represented in the pedigree directly above. The DNA was cut with 
the restriction enzyme Poull and hybridized with the insulin probe °° 
phins 310. Alleles in this particular family range in size from. - 
0.9-1.1 kilobases (kb). b, Autoradiogram of a Southern transfer 
from a three-generation family probed with the Harvey ras-1 gene. 
The human DNA was cut with the restriction enzyme Tag! and. - 
the alleles observed range in size from 4.2 to 2.0 kb. The genotypes 
of the individuals are shown directly below their place in the 
pedigree. 






















Fig. 2 Ambiguous determination of phase at two loci, A and B, 
‘when only parental genotypes are known. a, The two possibilities 
“for phase in the mother are shown as a and b. b, Genotypes of 
both grandparents are known, thus phase in a parent may be 
determined with certainty. 








e locus, such as those characterized for the B-globin genes” 
eful multi-allelic loci have been defined also in regions which 
include sets of short tandem repeats varying in number in the 
population, such as those characterized at the insulin locus!® 
A set of genetic markers localized to the distal one-third of 
the short arm of chromosome 11 by independent methods has 
been used for an initial study of linkage among DNA markers’? 
These marker loci have multiple alleles; for example, the insulin 
gene locus'® and the Harvey ras-1 gene locus”®?! each reveal 
everal alleles (Fig. 1). These DNA polymorphisms are due to 
series of deletions in a set of short tandem repeats at the 
s'*2 Two other loci located in the same region of chromo- 
oms lip, the B-haemoglobin gene region” and an arbitrary 
locus called D11S12 (ref. 23), each reveal several polymorphic 
restriction sites. As the restriction sites are so closely spaced, 
the resulting haplotypes will be disrupted by recombination only 
very infrequently and can be treated as alleles, The multi-allelic 
haracter of this set of marker loci makes them very useful for 
recombination studies since a high proportion of meioses occur 
with multiply heterozygous chromosomes which allow the detec- 
n of recombination. 
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Determination of a heterozygous parent genotype does not 
veal the distribution of alleles between the two chromosomes. 
These. distributions influence the interpretation of results 
ecause a given progeny chromosome will be scored as either 
ecombinant or non-recombinant depending on the arrangement 
chosen (Fig. 2a). Because of the analytical complexities resulting 
rom such incomplete knowledge of the genotypes of individuals 
n families, linkage data from humans have traditionally been 
aluated by likelihood analysis™*, where an estimate of the 
recombination interval (r) between two loci is obtained by 
determining the value of r which gives the maximum probability 
or the observed data. As one of the traditional problems in 
iman genetics is the determination of whether two loci are 

ed, a quantitative expression for the likelihood of linkage 
s the ratio of the probability for the data set at the maximum 
lihood value of r to the probability at r=0.5 (the marker 
are genetically unlinked). This ratio is usually expressed as 
ogarithm, the LOD (log of the odds) score for linkage. LOD 
scores of three or higher, representing a relative likelihood of 
linkage to non-linkage =1,000:1 are considered to be strong 
vidence for linkage. (On average, the LOD score at any 
ecified value of r is proportional to the number of informative 
chromosomes in the study; that is, the number of chromosomes 
which can be scored as either recombinant or non-recombinant.) 
Extended, multigenerational kindreds have been considered 
as the most effective structure for human linkage studies**>°. 
The multigenerational character of such families can sometimes 
‘ovide phase information in parents because determination of 
_grandparental. genotypes will unambiguously reveal the allelic 
tribution (allele phase) in the parents unless both grand- 
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Fig. 3 a, Kindred 1085, an extended multigeneration family 

initially used for linkage studies on 11p. Individuals actually 

sampled are designated by the filled symbols. b, Pedigree of 

sampled individuals (filled squares and circles) in a typical three- 
generation, large sibship-size family. 


parents are identical heterozygotes (Fig. 2b). Importantly for 
studies of inherited diseases, use of a single family also mini- 
mizes the possibility that genes at more than one locus might -> 
be involved. : 

Large sibship sizes are needed for the most efficient data 
collection. They yield more informative chromosomes associated 
with the constant amount of work required for the determination 
of the parents ‘and grandparents’ genotypes and also provide a 
strong basis for a probabilistic estimate of the parental allelic 
distribution (phase). This becomes important when the allele 
distribution is not explicitly defined by the genotypes of the 
grandparents. We determined genotypes at the four loci for 
some 206 individuals within a single kindred, K1085 (ref. 27). 

To obtain a set of samples representing larger sibships as well 
as grandparents, a number of large and complete three gener- 
ation families were. ascertained anecdotally. We sampled 18 
families each with four living grandparents and seven or more ~~ 
children over five years old, as well as ten families with similar 
characteristics. One example is shown in Fig. 3. Genotypic data 
at the four marker loci, A, B, H and I, were obtained for 367 > 
individuals from the 28 families, and gene order on the locus 
was analysed. : 
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Table! Maximum likelihood estimates of recombination fractions and 
LOD scores for linkage between four loci on the short arm of chromo- 
some HI 





Combined analysis 


B A I H 
B 7 72 49 25 
A 2.9409 - 57 27 
I 116416 9.11.5 - 59 
H 12.5423 10.3+2.2 3.2411 - 


Analysis of K1085 


B A I H 

B -~ li 6.7 3.8 

A 3.2423 - 8.8 46 

I 15.143.8 11.6+3.2 - 9.9 
H 14.4+5,2 10.5+4.6 6.7429 - 

Complete, three-generation families 

B` A I H 

B - 61 43 21 
A 2,941.0 - 48 22 
I 10.6+ 1.8 8.1416 - 50 
H 12,0+2.5 10.2+42.5 L9£1.0 - 


ener nennnetnnennennnnnennnnnn 
The combined linkage analysis is for both the extended kindred 1085 
and the set of 28 large, three-generation families, Percentage recom- 
bination + s.e.m. is shown below the diagonal and the associated LOD 
scores above the diagonal. Linkage analysis for K1085 alone and for 
the complete, three-generation families alone are shown also. B, B- 
Haemoglobin gene locus; A, D11S12; I, insulin gene locus; H, Harve 
ras-1 oncogene locus. In all cases, analysis was performed with PAPË. 


The maximum likelihood estimates of the recombination frac- 
_ tions and associated LOD scores for each of the six intervals 
defined by the four marker loci are shown in the combined 
analysis of Table 1. The order B-A-I is indicated by the estimate 
of 12% recombination between B and I which is larger than 
either the observed 3% between B and A or the 9% between A 
and I. Similarly, the order A-I-H is suggested by the estimated 
A-H distance of 10%, larger than the 9% A-I interval or the 
3% I-H interval. Combining these two gene orders for the loci 
taken three at a time suggests the order B-A-I-H for the four 
loci; this result is supported by the observed 13% recombination 
between B and H. The pairwise LOD scores for linkage derived 
from this data set. were 25-72. Although approximately equal 
numbers of male and female meioses were observed, the majority 
of the recombinants derive from male meioses. 
. «Linkage is firmly established with the high LOD scores re- 
ported here. The maximum likelihood recombination fraction 
estimates and associated LOD scores for the extended kindred 
(K1085) and the complete three-generation families are shown 
in Table 1. Although we observed some differences in the esti- 
mates of recombination fractions in the two sets of families, 
only one difference is greater than one standard deviation. These 
values for the intervals defined by two factor crosses also agree 
reasonably well with previous studies**”’. 

An estimate of efficiency of the several family structures was 
obtained by calculation of the average LOD score per individual 
sampled, which yields an average of 0.04 LOD per individual 
over all four loci in ref. 29 and the K1085 data reported here 
(Table |). In contrast, an average of 0.11 LOD per individual 
is obtained with the complete, three-generation families (Table 
1), which we ascribe to the specifically ascertained structural 
features of sibship size and sampled grandparents. Clearly, these 
highly efficient complete three-generation families are an effec- 
tive resource for the continued development of the human 
linkage map. 

With our data set it is convenient also to examine the relative 
recombination frequency between males and females. It has 
=: been reported that the recombination frequency is greater in 
-females than in males”, In this study, however, we see the 
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Fig. 4 Schematic diagram of the construction of the chromosom 
distribution pattern (CDP) for two loci, A and B. 0, Grandmaternal 
origin for a given locus; 1, grandpaternal origin. 


contrary; of 41 recombinant chromosomes from parents in the 
complete three-generation families, 29 were derived from the 
male parent and 12 from the female parent. ae 

We next examined the recombination history of ‘specifi 
chromosomes in the complete three-generation pedigrees, For 
the majority of parents heterozygous at any of the marker lo 
we could determine the grandparent origin of the alleles. The 
numbers of recombinant and non-recombinant chromosomes 
could thus be counted for each pair of loci. The number 
informative chromosomes was 47-228 over the intervals tested, 
yielding an actual efficiency (in terms of informative chrom 
somes per individual sampled) of 0.5-0.8. As we expected, t 
recombination frequencies were very close to those obtained by 
a complete likelihood analysis. 

As genotypic data accumulate within these reference fami 
they will become more valuable for the primary chromoso 
localization of new markers as well as for high-resolution 
ping. As a large number of two-factor analyses would be slo) 
initial localization of a new locus can be achieved by compari 
of the grandparent origin of the new locus with the grandpare: 
origins of other loci previously characterized in the proge! 
chromosomes. The method is analogous to that used in mappi 
with recombinant inbred lines of mice. The notion is to assign 
a grandparent origin (either grandmother or grandfather) tot 
allele present at each locus of a progeny chromosome (Fig 
Each locus is characterized by a string of Os (grandmaterna!) 
and is (grandpaternal) with as many elements as there a 
informative progeny. chromosomes, and referred to as t 
chromosome distribution pattern (CDP). Tightly-linked loci will 
have nearly identical chromosome distribution patterns and 
frequency of differences will represent accurately the recombi 
tion frequency. A location for each new locus will be determi 
readily by comparison of the CDP of the new locus with ti 
previously-determined CDPs in the data base (Table 2). ' 
CDPs for each of the four loci on chromosome 11 are v 
similar, consistent with their tight linkage (Table 2). Ci 
parisons of binary signatures of new loci with a large numb 
of previously-characterized loci can be obtained very quic 

Although we expect that estimates of recombination fractio. 
will evolve continually with the acquisition of new data, it wou 
be useful to have a map for which the gene order was not uni er 
constant revision (see ref. 31). E 

The most effective approach to the determination of gent 
order examines recombination among the offspring of 
individuals heterozygous for three or more loci, such that r 
combination in several intervals can be followed in the sam 
set of chromosomes. This approach places a high premium on 
genetic marker systems of high quality, such that most 
individuals are heterozygous at several loci. ae 

As there were a number of multiply informative meioses in 




















the data set described previously, we performed an analysis of - 


relative likelihood of gene order (Table 3). The logarithm of the 
relative likelihood of the gene order B~A-I-H over B-A-H-I 











Table 2 “Chromosome distribution patterns (CDP) for four Hp loci 
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ry. gs of the CDP for the maternally- and paternally-derived progeny chromosomes from complete, three-generation: families. Grandmaternal origin is 
ted by 0, grandpaternal origin by 1; a dash indicates indeterminate grandparental origin. Abbreviations for the four loci are as in Table 1. 


Table 3 Support for gene order is 5.6, indicating the order B~A-I-H to be 400,000 times more 


likely than the alternative order. The same gene order is obtained 





Maximum likelihood by complete pedigree analysis with the pedigree analysis pack- 
log recombination fraction age (PAPY? for the loci taken three at a time. The alternative 
likelihood (% recombination) order, B-A-H-I, would require five double exchanges to explain 
B-A Al LH the observed pattern of recombinant chromosomes. It should 
53.4 3.5 7.5 27 be noted that the gene order B-H-I disagrees with previous 
work which suggests the order B-I-H™””. ee 
B-A A-H H-I T ; : a 
-58.9 35 82 26 o make these reference pedigree samples available to the 
HI 55 scientific community, lymphoblastoid lines. from many of the 
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large families have been placed in the Human Geneti 
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Cell Repository, Camden, New Jersey. Furthermore, J. Dausset 
at the Centre for DNA Polymorphism, Hôpital St. Louis, Centre 
Hayem, 2 place du Dr Fournier, 75010 Paris, will make DNA 
from these families available as part of a large-scale collaborative 
effort to map the human genome. 
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A new method for dating sediments is proposed, which determines the time since the sediment was last exposed to.sunli; 
An argon-ion laser is used to excite electrons from thermally-stable light-sensitive traps and the subsequent luminescence 
used as a measure of the past radiation dose. Two sample sequences spanning the periods 0-700 kyr and 0-6 kyr shov 
steadily increasing luminescence with age. An age of 6228 kyr is obtained for a silt radiocarbon dated at 58.8 +0.3 kyr 


Problems were found with two much younger samples. 











THE dating of geological and archaeological events would be 
easier if the mineral grains that form a sediment could be dated 
directly. At present, the dating of sediments relies almost entirely 
on radiocarbon dating of organic matter with its accompanying 
problems of scarcity, age limitation and association. We demon- 
strate here a new method for the direct dating of sediment grains. 
The zeroing mechanism is sunlight and the age obtained is 
presumed to coincide with the date of deposition of the sediment. 

The new method falls in the same class of dating methods as 
thermoluminescence (TL) and electron spin resonance. The 
underlying principle is that the response of naturally-occurring 
minerals to environmental radiation is cumulative over time. 
Independent measurements can determine both the total radi- 
ation dose received by the mineral and the environmental dose 
rate it experienced in situ. The age can then be deduced’. In 
detail, ionizing radiation resulting from the decay of the 
naturally occurring radioisotopes “°K, **Th and ™°*U interacts 
with a crystalline substance, freeing electrons from their normal 
atomic sites. Some of these electrons become trapped at defect 
sites and, if the trap depth is large enough, will remain there 
indefinitely on a geological time scale. The number of these 
trapped electrons is thus a measure of the radiation dose since 
some event in which all the traps were emptied. 





_In this new method, only those trapped electrons which can 















be freed by absorption of visible photons through exposur 
light are sampled. We refer to them as light-sensitive.: T 
objective i is to determine the radiation dose, and hence time, 
since the last exposure to sunlight. In this way, it should 
possible to date a variety of archaeological and geological sedi. 
ments and other objects which have been well covered or buried 

The essence of the method is to eject the trapped electron: 
using an intense light source and measure the luminescence — 
resulting from their recombination. This physical principl 
been used for several decades in infrared—visible image conver 
ters (see, for example, ref. 2). 

In principle, the discrimination of induced luminescence from 
scattered incident light can be made on the basis of wavelengt 
or time; we have decided to use the former. 

Our initial experiments were designed to demonstrate thi 
feasibility of this technique and were conducted with the 
apparatus shown in Fig. 1. A 514.5-nm beam from an argon-ion 
laser was passed through blue-absorbing filters to remove. 
unwanted <500-nm light, and into the sample chamber. where 
it was directed with a mirror onto a few milligrams of sample. 
The intensity at the sample was ~50 mW cm”. The scattered 
514.5-nm beam was attenuated by a factor of ~ 10 by blue-pass 
glass filters in front of the photomultiplier tube and yielded a 
count rate of <50s~'. The sample luminescence at ~400 nm 
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Fig. 1 Schematic of the apparatus. Various filter combinations 
were used. A 520-nm interference filter and Corning 3-70 and 3-71 
glass filters were placed in the incident beam and a combination 
F Corning 7-59 and 5-58 filters were placed in front of the photo- 
multiplier. 
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‘Fig. 2 Luminescence intensity versus time after the laser is 
switched on. The samples are 100-um quartz grains extracted from 
a sequence of stranded beach dunes in South Australia* and show 
increasing intensity with age. 


was attenuated by an order of magnitude by the same filters 
and yielded count rates up to 10°s”'. 

Two kinds of experiments were performed. In the first, we 
sured two sets of geological sediments, each of which con- 
ained several units representing discrete depositional events, 
show the increase of light intensity with age. In the second, 
we used the method to determine a past radiation dose for three 
es of known age and compared this with the expected 
ase calculated from the age, and to the dose obtained from 
previous TL measurements. Strictly, we determine the so-called 
equivalent dose’ which is the laboratory y dose that produces 
the same signal as the past environmental dose; the two differ 
ecause of different sample sensitivities to a, B and y radiation. 


Luminescence results 


. The first samples studied were from a sequence of stranded 
beach dunes in south-east South Australia. These were created 
t high sea-level stands during interglacial periods over the past 
million. years and their ages may be deduced by matching the 
opography to the oxygen-isotope stages of Shackleton and 
Opdyke’ and to the magnetic boundary of Idnurm and Cook’. 
etailed study of the younger dunes has been made by 
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Fig. 3 Luminescence intensity versus age of quartz extracts for 
two sequences of geologically similar sediments: a, seven stranded 
beach dunes from south-east South Australia; b, four Ah soil 
horizons from the HaRk-1 site® in British Columbia. Each sample’s 
natural luminescence intensity is normalized to its luminescence 
response to a 30-Gy laboratory y dose. This procedure was used 
to adjust for sensitivity variations between samples and reduced 
the scatter from duplicate samples. The luminescence increase with 
age observed for both sets of samples suggests that the phenomenon 
should be useful for dating on time scales of 10°-10° yr. 


Schwebel®. All the dunes are made of calcarenite from which 
pure a-quartz was extracted for this study. 

Luminescence signals observed from some of these samples 
are shown in Fig. 2. After the laser beam is switched on there 
is an intense signal which decays non-exponentially. This type 
of signal is representative of all the samples studied here. The 
intensity of the signal as a function of age is shown in Fig. 3a 
and was found to increase smoothly from <30 photon counts 
per second (p.c.p.s.) per mg of modern beach sand to ~4x 
10* p.c.p.s. mg”! for the oldest one. 

A similar study was made of quartz extracts from a sequence 
of Ah soil horizons formed on aeolian parent material in a 
stratified archaeological site®. The results are shown in Fig. 3b. 
The ages, ranging from 0 to 6 kyr, were deduced from '“C ages 
from charcoal within or bracketing each horizon. 

In the second type of experiment, we have attempted to use 
the method to determine the equivalent doses of three sediments 
and have compared them with those obtained by the R-F (or 
partial bleach) TL method’. Equivalent doses were determined. 
by preparing several similar specimens of each. sample, 
administering to them a variety of Co y doses, heating them 
to 250°C and then measuring the induced luminescence. The 
equivalent dose was obtained by extrapolating the luminescence 
intensity versus laboratory dose to zero intensity as shown in 
Fig. 4. The purpose of the heating was to empty electrons from 
traps that are not thermally stable on the relevant geological 
time scale. In this way, the luminescence should arise only from 
light-sensitive thermally-stable traps. 

The first sample (KRGP-2) consisted of 2-8 pm grains extrac- 
ted from a layered pond silt immediately underlying a wood 
layer C dated at 58.8+£0.3kyr (QL-195). Divigalpitiya®"” 
obtained an equivalent dose of 130+22 Gy and an age of 64+ 
12 kyr for this sample using TL. Our results are shown in Figs 
4 and 5a. The dose obtained was 125415 Gy, yielding an age à 
of 6248 kyr in excellent agreement with the TL result and the 

C age. 


The final two samples selected were ones which could not be __ 


dated successfully by TL and we hoped that the new method 
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Fig. 4 Plot of luminescence intensity against laboratory Co y 
dose used to determine an equivalent dose for the KRGP-2 silt. 


would give better results. The first of these, quartz grains extrac- 
ted from the 5 kyr Ah soil horizon of Fig. 3b, gave an equivalent 
dose of 15+ 1.5 Gy (Fig. 5b). This agrees with the TL result of 
1642 Gy but is double that expected for its age (for dose-rate 
data, see sample HaRk-1D)*. We do not know whether this 
> reflects a lack of understanding of quartz behaviour or whether 
it dates an earlier depositional event (even though the silt grains 
from the same horizon gave the correct age’). 

The last sample was the quartz fraction from a present-day 
Pacific-coast beach sand (lat. 48° 23'N, long. 124° 6’W) and we, 
therefore, expected it to give an equivalent dose equal to zero. 
The value we obtained was 8 Gy initially, increasing with time 
to almost double this value after 12 s of laser illumination (Fig. 
5c). The TL result was several times larger. We suggest that this 
sample has not been well-exposed to sunlight on the beach and 
that this fact can be deduced from the lack of constant equivalent 
dose with illumination time as traps progressively less light- 

Sensitive are sampled. 
Discussion 
The inspiration for this research came from work in the develop- 
ment of thermoluminescence techniques for dating of sedi- 
ments’, in which the R-I’ method was developed to extract 
the TL component arising from light-sensitive traps. Its useful- 
ness is limited by the background TL signal from light-insensitive 
traps which may preclude extraction of the signal from the most 
light-sensitive traps. In contrast, in the new method the initial 
-rapidly decaying signal arises from the most light-sensitive traps. 
` Present indications are that this signal arises from traps more 
light sensitive than those accessible by TL. 
















Tests for sufficient depositional light exposure and for thermal 
stability of the traps are possible with this method. The thermal 
stability test can be done by varying the pre-heat temperature, 
provided this does not cause significant transfer of electrons 
from light-insensitive to light-sensitive traps. If this occurs, 
optical draining of the thermally unstable traps may prove to 
be a better alternative. 

Figure 2 shows that a short pulse of excitation yields a measur- 
able signal without significantly depopulating the traps. This 

gives rise to the possibility that the signals from both natural 
and laboratory radiations can be measured using the same 
sample disk; this would be particularly valuable for very small 
samples or those of highly variable sensitivity. 


This new method can, in principle, be used for dating other 
¿x events such as heating and growth for which TL is presently- 
_ used, and offers several advantages. There is no interfering 
incandescence; problems with thermal contact and sample alter- x 
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Fig. 5 Plots of equivalent dose against time after the laser 
switched on for three samples. a, KRGP-2, a 59-kyr silt; b, quar 
from HaRk-1 D, a 5-kyr Ah soil horizon; c, quartz from CRBS, 
present-day beach sand. des 


ation and/or oxidation during heating will be reduced or eli 
nated. Automated measurements will be possible forall type 
of samples. A disadvantage will be the fact that, as only ligh 
sensitive traps are sampled, the method will be more prone 
error due to accidental light exposure. pn 
In conclusion, the optically-induced luminescence 
naturally occurring minerals is readily measurable. and i 
intensity increases with age for sediments on a time scale o! 
10°-10° yr. The method should be well-suited to dating sed 
ments which have received at least a short exposure to sunlig 
during the depositional event, and may also be applicable 
samples for which thermoluminescence or electron spin reso 
ance is presently used. The simplicity of the measurement lend 
itself readily to rapid and automated measurements. The pi 
work described here has demonstrated the feasibility of th 
method and the validity of the underlying principles. However 
much further detailed study is required to gain a thorou 
understanding of the behaviour of the minerals before rout 
dating can be attempted. E 
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o determine the correct segmental pattern. 


_ The Drosophila bithorax complex is subdivided into three major genes: Ultrabithorax*, abdominal-A* and Abdominal-B”. 
Each of these genes plays its principal part in a particular anatomical domain of the body, where it is specifically required 















































JENE control of morphogenesis is one of the fundamental 
roblems of developmental biology. The bithorax complex (BX- 
) of Drosophila'™ is a group of related homoeotic genes 
determining the morphological pattern of two thoracic (T2 and 
T3) and eight abdominal (Al-A8) segments. Previous work'* 
has shown that segment diversity and identity, but not segmenta- 
tion itself, depends on the normal function of the BX-C. Several 
utations have been isolated which inactivate discrete functions 
of the BX-C as their phenotypes are subsets of that of the entire 
deletion of the complex. For example'’, mutations at the bx 
ocus transform T3a into T2a and pbx mutations transform T3p 
0.T2p (a, anterior and p, posterior compartment). Thus, the 
s of single BX-C functions only affects one or two of the 
»mpartments or segments controlled by the complex as a whole. 
here are, however, other mutations that appear to inactivate 
ultaneously several BX-C functions. Ultrabithorax (Ubx) 
tations, for example, inactivate bx*, pbx* and bxd* func- 
ons'?, suggesting that there exist hierarchies of genetic ele- 
‘ments within the BX-C. 
~The entire deletion of the BX-C results in a homoeotic trans- 
‘formation of all the segments (T2 to A8), indicating that the 
'BX-C is responsible for their morphological diversity. Although 
here are poms individual BX-C mutations affecting abdominal 
, evidence for these is incomplete. The number of 
dominal functions encoded in the BX-C and their organiz- 
cation are unknown. Ubx mutations complement the BX-C muta- 
tions affecting abdominal segments’ and the BX-C can be split 
into two autonomous domains“; this suggests a functional 
independence of BX-C thoracic and abdominal genes. 
To investigate these suggestions, the complete genetic and 
developmental description of all the functions of the BX-C is 
equired. In particular, because defects in major functions, for 
example Ubx, are lethal, we seek to elucidate how many of these 
hal complementation groups there are in the BX-C and what 
fects these mutations have on segmental development. 
We find that the BX-C can be subdivided into three com- 
mentation. groups: Ubx, abdominal-A (abd-A) and 
Abdominal-B (Abd-B). The latter two groups specify the 
evelopment of the abdominal segments and at least part of the 
nitalia. Each of the three genes may contain a Set of subordin- 
functions determining the development of individual com- 
artments or segments. 


DfP9 complementation groups 


All the mutations reported here are induced on a genetically 
homogeneous chromosome carrying several markers’. We have 
‘used ethyl methane sulphonate (EMS) and X rays as mutagens 
and have detected the mutations in a F, screen as either lethal 
or viable (see Fig. 1 for experimental details), From 12,824 
mutagenized chromosomes tested (7,280 mutated by EMS, 4,264 
by X-ray), 41 mutations were isolated and located subsequently 
in three intervals within D/fP9 defined by the breakpoints of 
_ DP9, Dfoxd'™, Df109 and DfC4. Once a group of mutants was 
located on an interval, their complementation pattern was 
studied. Apart from two large deficiencies which could not be 
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Fig. 1 Deficiency mapping and complementation analysis of the 


new BX-C mutants. To ensure genetic homogeneity, all the new 
mutants described here were induced on a multiple marked (mm) 
chromosome carrying the markers mwh ju st red sbd* e'' ro ca (see 
ref. 13 for their description). This stock was built up from a single 
recombinant male. We used a regular F, screen to isolate lethal 
or visible mutants on a chromosome fragment; mm males were 
treated with either EMS (0.025%) or X rays (3,500-4,000 R) and 
crossed to females with marked third chromosomes such as TMI 
or Mc (Microcephalus). Mc alters head structures and covers the 
dominant sterility of deletions of the distal elements of the BX-C; 
it was used to ensure that we recovered any lethal or visible 
dominant sterile BX-C mutant. F, males, mm/ TM1 or mm/ Mc, 
were then crossed individually to females carrying Dp(3;3)P5/ 
Df(3R)P115 where Df(3R)P115 is a deletion extending from 89B7- 
8 to 89E7-8 and therefore includes the entire BX-C and several 
other neighbouring genes. In those cases where in the F, the class 
of flies mm/Df(3R)P115 was either missing or showed mutant 
traits, mm/Dp(3 ;3)P5 siblings were selected (Dp(3 ;3)P5 is a tan- 
dem duplication of the BX-C; ref. 15) and a balanced stock was 
established. The mutant chromosomes were tested subsequently 
against Df(3R)P9, Df(3R)bxd', Df(3R)109 and Df(3R)C4 
(described in refs 2, 3, 8, 15; designated in the figure and throughout 
the text in the abbreviated form) and located to the intervals defined 
by these breakpoints. The mutants in each interval were then 
crossed inter se to determine the number of complementation 
groups per interval. In the intervals containing more than one 
complementation group, the genetic order cannot be established 
by complementation analysis. In the case of [ib and Ubx we know 
that lb is to the left, because Ib is viable over Ubx“? which is a 
deletion of part of the Ubx and the abd-A genes, this latter 
undisputably to the right of Ubx as shown by deficiency mapping. 
The location of trb to the right of Abd-B is based on the observation 
that in Df(3R)MI (J. Casanova and G.M., unpublished data) 
Ubx*, abd-A* and Abd-B* are deleted but Irb* is present. 


assigned to a particular group, the remaining 39 mutations were 
classified as belonging to one of five complementation groups 
(Fig. 1). We name the genes corresponding to these five groups 
as follows: lethal left of bithorax (lib), Ubx, abd-A, Abd-B and 
lethal right of bithorax (irb). As we have isolated several mutant 
alleles for each locus, we are confident that we have found all. 
loci in DfP9 causing lethality or abnormal pattern, unless their 

























Fig. 2. Ventral cuticular patterns of wild type, Ubx~, abd-A~ and Abd-B™ larvae. The Ubx™ and abd-A~ larvae were taken out of the egg: 
case before fixation. All larvae were mounted as described previously”. wt, Wild-type first-instar larva. For a detailed description of the 
cuticular pattern, see ref. 26. A, abdominal segment; T, thoracic segment (x60), Ubx, ventral cuticle of a hemizygous Ubx'*°/ DfP9 larva. The 
transformation of T3 and Al denticle belts toward mesothorax is visible, as well as the presence of Keilin’s organs in the Al segment. This see 
organ has only two hairs, indicating that the transformation is restricted to the anterior compartment. Ventral pits are visible regularly in the 
abdominal segments of these transformed larvae. The abdominal segments posterior to Ala also show some degree of anterior transformation 
particularly on the dorsal side, but this effect is visible also in DfP9/+ larvae and is thus attributable to a dominant effect of the deficiency > 
(LV., and R.M., unpublished results), abd-A, Ventral cuticle of a abd-A™'/ Df109 larva. The same phenotype is visible in abd-A™!/ abd-AM™! 
larvae. A clear transformation of the denticle belts of A2-A7 towards Al can be seen. Segment A8 denticle belt is also transformed but it is 
not clear to which wild-type segment. a, Detail of the metathoracic and first two abdominal segments of the abd-A~/ Df109 larva: the Keilin’s 
organ in T3 and the corresponding monohairs in Al and A2 are indicated by arrows. These monohairs reveal a transformation of the posterior 


compartments of the abdominal segments towards posterior metathorax. These monohairs appear with some degree of variability in any . 
segment A2-A7, indicating that all these segments are transformed, albeit in part, to a posterior thoracic segment, probably T3p (x240). Abd-B, 
Ventral cuticle of Abd-B™'/ Abd-B™°. The same transformation is visible in segments A4~A8 of Abd-BM*/ DfP115 larvae. Their denticle belts 
are almost identical and do not show the progressive reduction in size of the more Posterior rows of denticles to the same degree as that seen. 
in the wild-type larvae. b, Detail of the eighth abdominal segment of a wild-type Drosophila larva (x160). c, Eighth abdominal segment of a- 
Abd-B7 homozygous larva showing the naked cuticle behind the eighth abdominal denticle belt, the normal anal pads (AP) and the absence 
of posterior spiracles (ps) and corresponding filzkérpers (x160). : 


mutation rate is much lower than those of the loci described 
here. Loci affecting other functions, such as behaviour, would 
not have been detected. 

To define the effect of the mutations on the larval segments, 
we next studied the cuticular pattern of late embryos (after 
secretion of the larval cuticle) or of first-instar larvae. Like DfP9 
(refs 2, 8), all the mutants were expected to reach late embryonic 
stage. As DfP9 embryos secrete cuticle and are composed of a 
normal number of segments, we expect none of the mutations 
to cause cuticular defects or to alter the number of segments. 

We studied the effect on adult segments by generating mutant 
clones in flies of normal phenotype which carry a normal dose 
of the BX-C* (Table 1, Fig. 3). It has also been studied in 
complete flies when the mutations were viable or produced a 
small percentage of surviving flies (escapers). 

We began with the two complementation groups that seemed 
to map at opposite ends of DfP9. Ten mutations (nine induced 
by EMS, one by X ray) of the llb gene have been isolated. The 
embryonic phenotype of two alleles of Ib over DfP9 was normal, 
indistinguishable from wild type. Three mutant alleles (two 
EMS, one X ray) of the irb gene have been isolated. As with 
llb, the embryonic phenotype was normal. Neither ilb nor Irb 
seemed to be functionally related to BX-C as they did not affect 
segment development. We cannot, however, rule out the possi- 
bility of an effect on other structures, such as the terminalia, 
which cannot be scored easily in. larvae. 


BX-C complementation groups 


We have isolated 11 lethal or viable mutations within the interval 
DfP9- Dfbxd'™ of Ultrabithorax that also failed to complement 
other known Ubx mutations. The Ubx lethal mutations have 
been described previously’ *°”°"'?: Compartments Tla, Tip 


and T2a remained unaffected, T2p was transformed into Tip, 


























T3a into T2a, T3p into Tip and Ala into T2a (Fig. 4). Th 
syndrome is the sum of the four independent transformations 
of the BX-C thoracic genes abx, bx, pbx and bxd. The five new 
X-ray-induced Ubx lethals (Ubx™*', UbxM*?,... | Ubx™™5) fit 
this description, as they failed to complement individual abx; 
bx, bxd and pbx mutations and were lethal over Ubx'. 

The phenotype of Ubx™ embryos paralleled that of the adult, 
although in having fewer landmarks in the larval cuticle, the 
transformation of posterior compartments was more difficult to 
assess. Our findings confirm previous reports on the phenotype 
of Ubx™ embryos: the prothoracic transformation of T2p an 
T3p (ref. 12), the restriction of its homoeotic effect in Al to th 
anterior compartment®'':? and a slight effect on the remaining 
abdominal segments**. 2 OEE 

We have found also six viable mutations in this complementa- 
tion group (Ubx™!, Ubx™?,..., Ubx™*). They were all EMS- 
induced and did not behave as alleles of the classical bx, pbx 
or bxd loci; they showed the quadruple combination of abx, 
bx, pbx and bxd phenotypes in a mild form. Over individua 
mutations of the bx, pbx and bxd type, they produced a slight 
phenotype of the mutant in question. In addition, Dpbxd!™, 
carrying a proximal fragment of the BX-C'* containing the DNA 
corresponding to abx*, bx* and Ubx*, covered the abx and b; 
components of the phenotype but not the bxd and pbx ones. 
All known Ubx mutants inactivated the bxd and pbx func- 
tions'*” which in some cases were located tens of kilobases 
away from the mutated Ubx site'*. All these observations indi- 
cated that the visible EMS-induced mutations were weak but’ 
viable Ubx alleles. 

In this screening we have not recovered mutations affecting 
individual functions of the abx, bx, pbx or bxd type. Many of 
these individual mutations were produced by insertions'* and 
it seems unlikely that EMS or X rays could induce such lesions 








Fig. 3 Homoeotic effect of abd-A and 
Abd-B mutants in the adult abdominal 
segments. a-c, abd-A mutants; d-f, Abd-B 
mutants. In the abdominal segments of the 
adult, the posterior compartments have 
been described only in the case of Al (ref. 
27), where it is a narrow band of bristle- 
free unpigmented cuticle. In the remaining 
segments it is not yet possible to determine 
the position of the anteroposterior boun- 
dary. As the posterior compartments are 
morphologically similar, a transformation 
of, say, A3p into Alp would not be discer- 
ned. Therefore, the clones in A2-A8 can 
only detect anterior transformations. a, 
Clone of genotype abd-A™ / DfPI15, 
marked with y, mwh and jv (see Table | 
legend and ref. 5). The clone appears in 
A4 but differentiates as in Al, judging 
from the bristle size and pigmentation. 
Note that a wild-type bristle (y`), has 
penetrated the mutant clone, but retains 
its segmental character. b, Clone of the 
same genotype as a but generated in AS 
of a male, suggesting that depigmentation 
is not completely cell autonomous. 
Although in the anterior part of the clone 
the line of depigmentation coincides 
sharply with the mutant trichomes, in the 
posterior side several trichomes appear 
pigmented. c, Typical abd-A™ clone of the 
same genotype as a and b in segment A6. 
Clones formed in this segment produce 
trichomes in areas which in A6 are devoid 
of them, thus are indicative of a transfor- 
mation towards a more anterior segment. 
They are of small size, generally rounded 
and sometimes produce 1-2 bristles (see 
ref. 5) larger than Al bristles. The morpho- 
logical features of these clones suggest a 
transformation towards A2-A5 associated 
with poor viability and abnormal differ- 
entiation. This may result in the con- 
sistently lower yield of clones in A6 than 
in more anterior segments (Table 1). d, 
Abdomen, open in dorsal and ventral hai- 
ves, of a male of genotype Abd- 
B™*/ D{PI15, Note that in addition to the 
terminalia (TER), this male has eight 
abdominal segments (wild-type males 
have only six, since the primordia for A7 
and A8 do not develop). In females, 
however, the genitalia are usually absent 
or reduced, although analia are normal. 
This is consistent with the current view of 
the organization of terminalia which con- 
siders female and male genital primordia 
as separate, deriving from A8 and A9 
primordia, respectively”, Although the 
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Abd-B 


pattern of segments A3 and A4 is indistinguishable, we assume that the transformation is towards A4, because the A3 pattern requires abd-A~ but not Abd-B” 
function. (The abd-A” mutants affect A3 pattern whereas Abd-B” mutants do not.) If A3 is included in the domain of abd-A, the identical A4 pattern should also 
be included. e, Comparison of the trichome density in A4 and AS of left, a wild-type male and right, an Abd-B™? / DfPI1S male. The trichomes in AS are more 
spaced than in A4 for normal males. The difference is eliminated in the mutant flies with the transformation. f, Clone of genotype Aba-B™'/ D{PI1S in A6. In 
the area where the clone is situated, A6 do not contain trichomes but they appear in the clone, thus indicating a transformation towards a more anterior segment. 
To assess the pigmentation of the mutant clones (to decide whether a transformation has been towards A4 or A5), the mutant clones in this experiment have been 
marked with mwh and jv but not with y, which alters pigmentation. The clone shows clearly depigmented areas, indicating that the transformation is towards A4. 


on the DNA. However, some bxd, pbx and abx alleles have 

been X-ray-induced*-'*, Our results may reflect simply the differ- 
ent probability of mutation. Ubx mutations are two orders of 
magnitude more frequent than bx and pbx ones'®. Moreover, 
the size of the DNA target for Ubx is larger than that of abx 
or bxd mutations". 

We have isolated five alleles of the abd-A gene (three EMS- 
induced: abd-AM'“?M? and two X-ray-induced: abd- 
AMXIMX2) We have found also that the breakpoint of T(2 ;3)P10 
behaved as a lethal allele of this locus. The larval and adult 
phenotypes of this breakpoint have been described’. 

The larval phenotype is defined on the basis of trans-heterozy- 
gotes of the lethal alleles abd-AM' and abd-AM™' and their 
respective hemizygous phenotype over Df109 (Fig. 2). These 
combinations gave a phenotype indistinguishable from that of 


DpP10 ; Df109, a deletion for at least part of the abd-A DNA’. 
This suggested that the two mutants studied are null alleles of 
this gene and that their phenotype corresponded to the complete 
loss of function of the abd-A gene. In the larva all the head and 
thoracic segments appeared normal. The abdominal segments 
were affected and displayed a similar pattern: Ala in the anterior 
region and T3p in the posterior, both dorsally and ventrally 
(Fig. 2). The transformation was less complete posterior to A4, 
particularly on the dorsal side. All structures posterior to A8 
appeared normal. 

The effect of loss of abd-A* on the adult cuticle has been 
studied by genetic mosaics. Mutant clones of abd-A™' were 
generated during the larval period. The results paralleled those 
found for the larval segments (Table 1). Clones in head, thorax, 
Ala and genitalia differentiated normally. Clones in A2-A4. 
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Table 1 Number of abd-A~ and Abd-B- clones showing homoeotic transformations/total number of clones per segment 
Genotype n H T2 Al A2 A3 A4 AS A6 A7 
abd-A`/ DfP115 112 0/11 0/27 0/15 32/32 35/35 32/32 22/22 6/6 — 
Abd-B™ / DfP115* 260 0/9 0/74 0/20 0/21 0/20 0/27 11/12 31/32 15/15 
DpP115/ + ;abd-A/DfPI1S 80 0/6 0/28 0/11 0/23 0/18 0/24 0/11 0/20 0/10 
(control) 











n, Number of flies examined; H, head-antennal segment; T2, mesothoracic segment; Al-A8, abdominal segments; TER, analia and geri 
abd-A~ clones were generated by mitotic recombination, induced by X-ray (1,000 R) in male larvae (48-120h after egg laying) of gen 
ys Dp(1 ;3)sc’* Dp(3 :3)146M(3) i°° Df(3R)P115/mwh jv st red sbd? abd-A™' e" ro ca. This genotype is viable and has a normal segmental: patte 
A virtually identical scheme of mitotic recombination has been described recently in detail’. The production of marked clones rests on the eliminatic 
by mitotic recombination of the Dp(3;3)146 that contains a full dose of the BX-C* and therefore covers the lethality of the combinat 
abd-A™'/ Df(3R)PI15. The marker mutants are arranged in such a manner that the abd-A™ clones are characteristically labelled and at the. i 
time are given a growth advantage over the rest of the cells**. Abd-B™ clones are generated by the same procedure in male and female larvae, b 
replacing abd-A™' by Abd-B™'. In the genotype of controls, an extra dose of the BX-C* (Dp(3; 1)P115) was introduced into female flies’s 
the marked clones still contain the BX-C* function, verifying that any homoeotic effect shown by the clones is due to the mutation covered by 


BX-C* functions, 


* Only clones on the dorsal side (tergites) have been included. The number of clones in H and T2 is based on a smaller number (115) of fl 


differentiated structures typical of Al both dorsally and ventrally 
o (Fig..3, Table 1). In segment A5 the mutant clones frequently 
produced an incomplete transformation towards Al showing, 
for example, thin short bristles typical of Al together with other 
longer ones characteristic of more posterior segments. In seg- 
ment A6 they formed a pattern unlike Al but similar to any 
segment posterior to Al and anterior to A5. 

As the allele abd-A™? is hemizygous viable, the phenotype of 
adult flies can be studied. The homoeotic transformation was 
similar but much weaker than that seen in the clones of abd- 
A™1/ Df115. The mutant flies show pattern elements characteris- 
tic of Al in segments A2-A6; dorsally, bristles of small size 
similar to those of Al frequently appeared and there was a 
marked reduction in the number of ventral bristles in the ster- 
nites. For example, in males there was a mean of 3.6 + 1.3 bristles 
(wild type = 11.6+ 1.1 bristles) in A2 and in the A6 of females 
there were 5.1 +2.0 bristles (wild type = 22.6+ 1.6). This result 
suggested that sternites of segments A2-A6 were partially trans- 
formed toward the sternite of Al which was devoid of bristles. 

We have also studied the phenotype of flies infraabdominal-2 
of Kuhn(iab-2“) in trans with abd-A™', abd-A™? and Df109. 
All these combinations showed essentially identical phenotypes 
consisting of a partial transformation of A2 towards Al as 
expected*. No effect was seen in any other abdominal segment 
posterior to A2. The lack of effect on segments other than A2 
did not result from partial expressivity of iab-2" as the transfor- 
mation in A2 of iab-2*/abd-A™' was stronger than that of 
abd-A™*/ Df109, indicated by the greater reduction in bristles 
per sternite in A2 of females (wild type = 15.5 + 1.0, iab-2*/abd- 
A™! =0.740.8 and abd-A™?/ Df109 = 3.8+1.7). Yet iab-2* is 


restricted to A2, whereas Abd-A™? is not (in A3, wild type = 


22.342.0, iab-2*/abd-AM' = 19.342.4 and abd-A™*/ Df109 = 
8.5+ 2.8 bristles per sternite in females). These results indicated 
that iab-2* is included within the abd-A* gene but its phenotype 
is only a part of that of an abd-A mutation. This, in turn, 
suggested that abd-A*, like Ubx*, contained a set of distinct 
individual functions, controlling individual segments or com- 
partments. 

We have isolated nine alleles of the Abd-B gene, seven induced 
by EMS (Abd-BM'-M?.----™7) and two by X rays (Abd-BM*'-MX2)_ 
All mutations showed a dominant trait also present in heterozy- 
gous deficiencies such as DfC4 or DfP9, indicating that the 
locus is haplo-insufficient. Some of the lethal mutations pro- 
duced escapers, so the alteration of the adult segment pattern 
could be studied directly. The adult phenotype of the trans- 
combinations over D/P9 was a transformation of A5-A8 towards 
A4 (Fig. 3). However, the homoeotic effect of the trans-heterozy- 
gotes is not entirely homogeneous. Some combinations appeared 
to produce a phenotype intermediate between A4 and AS, judg- 
ing from male pigmentation and trichome density. Transforma- 
tion towards A5 has also been observed in the muscles'’: there 
is a male-specific muscle in A5 reiterated in A6 and A7 in 


— 'Abd-B™° homozygous tissue (but not in Abd-B™5/ DfP9 where _ 






































the male-specific muscle was absent or reduced (P. Lawren 
personal communication) in accordance with the transformat 
in the cuticle). The mutation iab-5 transformed AS, and t 
lesser extent A6 and A7, towards A4 (ref. 3). Similarly, 
mutation Abd-BM™ affected A5-A7 but, unlike other Ab 
alleles, did not affect female genitalia. We believe that-tl 
viable mutations are all weak alleles of Abd-B, although 
also possible that some of them affect discrete functions w 
Abd-B gene. ; 
The dominant phenotype of Abd-B mutations is a sligh 
transformation of the same type as that described for | 
escapers: in females, tergite of A6 and A7 differentiated so: 
pattern elements characteristic of tergite A4 or A5. Males pre 
ted bristles in sternite A6 (normally devoid of them) and a 
developed a rudimentary tergite in A7 that showed featu 
(pigmentation) of tergite A5 or A6. ieee 
It is possible, however, that the phenotype of escapers : 
not truly representative of the lack of function of the Ab 
gene, as escapers were more likely to appear from weak alle 
Therefore, we have studied the phenotype in genetic m 
of a strong allele, Abd-B™', which does not produce escape 
over the deletion of the gene. Clones hemizygous for this allel 
differentiated normally in head, thorax and abdominal segmen 
Al-A4 (Table 1). In segment AS they were almost alway: 
depigmented, indicating a transformation towards A4. Those i 
A6 and A7 were always transformed into A4 or AS, as the 
differentiated trichomes in areas where A6 or A7 lack them. 
many clones in males were clearly depigmented (Fig. 3f} 
conclude that the loss of Abd-B* results in a transformatio 
towards A4. cae 
The segmental transformations observed in the larval cuti 
are consistent with those seen in the adult (Fig. 2). All 
abdominal segments posterior to AS showed a transformati 
towards a more anterior pattern similar to that of A4 or A5 
exact identity was not determined as the intermediate abdomina 
segments were almost indistinguishable, but there was no doub 
that A7 and A8 were transformed. Posterior to A8 only 
spiracles were affected, being very reduced or eliminated, € 
sistent with the idea that the spiracles correspond to the posteri 
part of the eighth abdominal segment'®. Soan 


Major BX-C genes and domains = 


Our results indicate that the BX-C can be subdivided into three 
independent genetic units: Ubx*, abd-A* and Abd-B*. The 
mutations in any of these genes affect several segments, yet th 
are most probably due to a single event. This is in contrast with 
current models of the BX-C function?*-*'? which assign on 
gene per segment or per segmental unit. It cannot be argued 
that our mutations are deletions for more than one gene as we. 
have recovered weak alleles for each of the three genes, showing 
minor but clear effects extending over several segments. This 
was particularly clear in the case of the viable Ubx mutants and 
in abd-A™*. In both cases, deletions of the genes occurred =” 



















































D{P10 for Ubx, DpP10; Df109 for abd-A) and the phenotype 
‘the deletions was seen in the same segments but was much 
‘onger than that of viable mutants. 
Our analysis of the mutant phenotypes indicates that each of 
the three genes is principally responsible for the normal pattern 
f a particular region of the fly, thus defining three anatomical 
jomains in which the entire realm of function of BX-C can be 
bdivided. 
The Ubx domain (Fig. 4) extends from the anteroposterior 
joundary of T2 to the anteroposterior boundary of Al (refs 6, 
11, 12). The elimination of Ubx* function results in a series 
yf four compartments T2p-T3a-T3p-Ala developing as Tip- 
‘2a-Tip-T2a, defining a ground pattern of Tip for posterior 
and T2a for anterior compartments. Anterior to T2p, Ubx* 
lays no role in segment development’’, even on structures 
rphologically like those of the domain when produced in a 
ore anterior position'®. The elimination of abd-A* and Abd-B” 
no effect on the Ubx domain, indicating that Ubx* is the 
aly BX-C gene with a functional role in this region. 
The abd-A domain extends from Alp-A4. In this region, the 
elimination of the abd-A* gene caused the anterior compart- 
ments to develop as Ala and the posterior compartments as 
3p. This ground pattern corresponded to that of Ubx*, indicat- 
g that although the Ubx* product is present in the abd-A 
domain, the specific pattern of Ala~A4 segments was conferred 
y the function of abd-A*. When both Ubx* and abd-A* genes 
were absent as in Df109 (refs 2, 5, 8), the compartments of the 
two domains developed equally as a T1p-T2a series. 
However, the role of Ubx* in the abd-A domain is minor; 
è combination Ubx~ abd-A* in the abd-A domain showed a 
tern indistinguishable in adult segments from that of Ubx* 
bd-A*” and only a slight though significant thoracic transfor- 
ation in the larval segments”*. This contrasts with the effect 
observed in the combination Ubx* abd-A~ where the whole 
segment pattern was profoundly transformed (Figs 2, 3). The 
Abd-B mutations had no effect on the abd-A domain. We con- 
chide, therefore, that the pattern of this domain is determined 
by the abd-A” gene. 
Finally, the Abd-B domain extends from AS to A8, defined 
by the realm of action of the Abd-B* gene. The elimination of 
the Abd-B* product resulted in all the segments of the domain 
developing as A4, a pattern specified by Ubx* and abd-A*. This 
indicates that, although these products are present in the Abd-B 
domain, the specific identity of segments A5-A8 depends on 
the Abd-B* function. 
Itis difficult to assess the contribution of Ubx* and abd-A* 
genes to the specification of the Abd-B domain. We believe the 
role of Ubx* to be minor. However, the abd-A mutations had 
lear effect on segments A5-A8, so the Abd-B* gene product 
| necessary but not sufficient for the correct segment pattern in 
the Abd-B domain, abd-A mutations may inactivate partly the 
acent Abd-B* gene by the phenomenon of cis-vection, which 
has been described for some mutations of the BX-C”°. Thus, 
art of the effect exerted by the abd-A mutant on the Abd-B 
lomain could be attributed to a partial inactivation of the 
d-B* gene. On the other hand, abd-A* (and Ubx*) may 
rovide in the Abd-B domain the ground pattern necessary for 
the Abd-B* gene to act and confer the specificity. This would 
be in agreement with a combinatorial model on BX-C 
function®?!, 
It is worth noting that the sum of the mutant phenotypes of 
Ubx”, abd-A~ and Abd-B™ is equivalent to that of a deletion 
of the entire BX-C such as DfP9. This suggests that these genes 
represent all of the functions of BX-C. Nevertheless, definitive 
proof requires a study of the phenotype of double and triple 
mutant combinations. 


ubsidiary functions and compartments 


The available evidence suggests that individual BX-C functions 
are used on a compartment-by-compartment basis. These func- 
ons are grouped genetically into three major complementation 
its defining three domains of higher hierarchical order; each 
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Fig. 4 Genetic and anatomical domains of the BX-C. The entire function 
of the BX-C extends from the anteroposterior boundary in T2 posteriorly 
to A8 (note that in T2p, the Ubx domain extends only to the ventral area, 
as Ubx mutations do not seem to affect the dorsal part °). Regions anterior 
or posterior to these boundaries such as head or analia (A10) do not require 
BX-C activity. However, as the location of this posterior boundary is based 
mainly on the phenotypes of escapers, it is concievable that it could be more 
posterior. The BX-C is composed primarily of a number of individual 
functions abx-bx-bxd-..... iab-7, iab-8. Some of these primary functions are 
well characterized, such as the thoracic series abx--bx-bxd-pbx'>, each 
determining the development of a specific anterior or posterior compartment. 
The abdominal series is less well characterized and it is not yet known 
whether these genes act within compartments or entire segments. For sim- 
plicity, we have assumed that there is an abdominal function per segment 
as proposed by Lewis”, but it could be that there are two, one for the 
anterior and a second for the posterior compartment of each segment. We 
propose that all these individual functions can be grouped into three major 
genetic domains that correspond to our three complementation units: Ubx", 
abd-A* and Abd-B*. Each of these genes is responsible for the characteristic 
pattern of a specific anatomical domain. Except in the case of Abd-B, these 
domains do not correspond with the entire realm of action of the correspond- 
ing genes; they represent the area where the gene generates the morphological 
diversity. Ubx* contains the abx-bx-bxd-pbx functions: the loss of the 
activity of Ubx* results in the quadruple mutant combination. The Ubx 
mutants fail to complement any of the abx, bx, pbx and bxd mutations'??, 
but some combinations of these show complete or nearly complete com- 
plementation. In general, abx and bx mutants complement bxd and pbx, 
although strong bx mutants produce a partial inactivation of pbx” function’. 
Molecular analysis'* has shown that abx, bx, bxd and pbx pseudoalleles are 
grouped in specific areas of the Ubx domain, suggesting a functional diversity 
within the Ubx* gene. Note that, in contrast to other recent models™*'? we 
do not consider Ubx* and bxd* to be in the same hierarchical level; instead, 
we propose bxd and pbx to be part of the Ubx domain. abd-A*: we tentatively 
include here the iab-2-4 functions because abd-A* probably contains several 
individual functions of the type proposed by Lewis; the only evidence 
for such genes is the allele iab-2™ (ref. 4). The independent mutations 
iab-3 and iab-4 have not yet been detected. However, the fact that segment 
A3 is different from A2 and iab-2 affects only A2 (ref. 4 and data reported 
here), suggests there must exist at least one function to generate the differ- 
ence. Segments A3 and A4 are virtually identical, which raises the question 
as to whether there are different iab-3" and iab-4* functions. At present, it 
is not possible to answer this question; there is evidence, however, from the 
thoracic functions” indicating that bx* and pbx* are duplicates of the same 
developmental function acting in different positions. A similar phenomenon 
could occur in the case of iab-3* and iab-4*. Ail abd-A mutations affect 
several segments extending from Alp to at least A6 and often to A8. This 
conclusion is based on the embryonic and adult phenotypes of abd-A™', 
abd-A™?, T(2;3)P10 and abd-A™™ and in the viable trans combinations 
of abd-A™ with all the lethal alleles. Abd-B”: we include in this gene the 
iab-S* to iab-8* of Lewis’?. The boundary of function of abd-A* and 
Abd-B* is uncertain because segments A3 and A4 are morphologically 
indistinguishable. All our Abd-B mutants affect several segments; A5-A7 
are always affected in hemizygous combinations and A8 is affected in most 
of them. Thus they all include several functions of the iab type. Some 
combinations of several Abd-B mutants with the allele iab-8 described by 
Lewis’ sometimes affect the genitalia. 


major domain comprises several compartments which have 
independent lineage and pattern. A single gene product, if 
expressed equally in all segments or compartments, cannot 
explain the diversity within the domain. Either each major gene 
contains several discrete functions, or it is expressed differen- 
tially in the various compartments to generate the specific pat- 
terns. 

In the Ubx domain the phenotypes of the mutations abx, bx, 
pbx and bxd are parts of the Ubx™ phenotype affecting 
individual compartments; they further subdivide the Ubx 
domain and their function is responsible for compartment 
identity. 

In the abd-A domain, the mutation iab-2* also appears to 
define a similar restriction, itself part of the abd-A phenoty 
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-suggesting a similar situation to that of Ubx. In the Abd-B 
domain the phenotypic variation shown by the mutants may 
also.be due to a functional diversity within the locus. 
Anteroposterior compartment boundaries often appear to 
-demarcate BX-C functions—the best-known example of this is 
the Ubx domain, limited at both ends by anteroposterior 
boundaries®”'?, The adjacent abd-A domain is limited 
‘anteriorly by the same boundary at Al. Within the Ubx domain, 
>. all of the individual functions (abx*, bx*, pbx*, bxd*) are 
-< demarcated by both anteroposterior compartment and segment 
_ boundaries. This is because each segment is made of two com- 
© “partments and each function is specific for one compartment. 
=- At the time the BX-C genes become active, there is no obvious 
difference between a segment boundary or an anteroposterior 
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Statistical studies of supernova remnants (SNRs) indicate that the 
objects of high surface brightness are young’. This is confirmed 
by measurements of angular expansion for a number of such 

: remnants and by the secular decrease in their radio flux. densities’. 

‘Studies of these young SNRs are of particular interest as they 

can impose constraints on models of supernova outbursts and can 

: reveal details of the initial interaction between the rapidly- 
expanding stellar material and the ambient interstellar medium’. 
Also, a high percentage of bright remnants belong to the compara- 
tively-rare class of filled-centre SNRs. However, because of their 

` small angular sizes, many have not been observed with sufficient 
< “resolution to determine detailed structures or, in some cases, even 
: = to verify an SNR classification. Between July 1981 and August 

. 1984, we used the Very Large Array (VLA) of the National Radio 

Astronomy Observatory (NRAO) in its B, C and D configurations 
> to clarify the morphology of several high-brightness sources from 
_» the Milne SNR catalogue“. Of these, the two sources G349.7 + 0.2 
and G357.7—0.1 were found to be most unusual. 
 G349.7+.0.2 is the third brightest galactic SNR, after Cas A 
and the Crab. Nebula. No previous radio map was of sufficient 
i tion to reveal its structure, the SNR classification resting 
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compartment boundary. At the blastoderm Stage, the anter 
and posterior compartment primordia are already segregat 
as shown by clonal analysis?*>. Indeed, the blastoderm emb 
can be described as composed of a number of A-P-A P-A 
A-P-A primordia where every boundary separates an anterio: 
from a posterior compartment. During subsequent developmer 
segment boundaries become morphologically distinct 
to the separation of segments as anatomical units, wherea 
boundaries do not correspond to clearcut morphologi 
marks. Initially, this difference does not exist and 
BX-C genes do not discriminate a P-A (later segme 
A-P (later compartment) boundary. Dae 
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Fig. I 1.4-GHz total intensity map of G349.7+0.2. The half- 

power beamwidth is 3.4 x 14.5 arc s at position angle —21°, Contour. 

levels are —5, —2, —1, 1, 2, 5, 10, 20, 30,... % of the peak brightness: 
of 290 mJy per synthesized beam area. 


on a non-thermal spectrum and an H 1 absorption distance of 
18.3 4.6 kpc. No optical counterpart has been detected. The 
1.4-GHz map from the VLA B array (Fig. 1) and the 4.9-GHz 
map from the C array are very similar, both containing about 3 






ig.2 Radiograph of the total intensity emission from G357.7 — 
Otat 1.4GHz. The half-power beamwidth is 3.8 x10.9 arcs at 
position angle 19°. 


The source is circular at the outermost contours (axial ratio 
~-0.9) and the peak emission lies near the edge (Fig. 1); in these 
respects it resembles the shell-type remnants rather than the 
more elliptical and centrally-peaked filled-centre SNRs’. Fur- 
thermore, its spectral index, a, is —0.47 + 0.06, close to the mean 
(0.45) for shell-type remnants', but inconsistent with the flat 
spectra (~0.3 < a <0) found for filled-centre SNRs°. However, 
it is unusual for a shell-type remnant insofar as it lacks the 


usually-prominent central cavity and ring-like appe 

There are, nevertheless, indications of partial shell structure, 
particularly in the lower contours to the north-west. The strong 
north-south emission ridge, located somewhat east of centre 
and merging with this shell structure at both ends, probably 
represents a non-uniform distribution of emission within the 
shell, rather than a high central volume emissivity as is found 
in filled-centre remnants such as the Crab Nebula. As such, this 
would be evidence for strong interaction with the interstellar 
medium at an early stage in the life of this young SNR. 

G357.7~0.1 is the sixth brightest object in the Milne 
catalogue’. It has a relatively-steep radio spectral index, —0.53 + 
0.02; the only reliable distance information is a limit of >6 kpe 
from Hı absorption measurements’ and, again, no optical 
counterpart has been found. This. is the closest (catalogued) 
SNR to the galactic centre direction and it could be located in 
the nuclear disk itself. Lower-resolution radio observations show 
extended emission aligned at position angle 65°, with the peak 
brightness offset to the south-west*”. Even its classification as 
an SNR has been questioned, some authors noting its similarity 
at this resolution to extragalactic head-tail sources*'°; others 
have felt that, if it is an SNR, it is probably of the filled-centre 
variety despite the steep spectral index’. 

Figure 2 is a grey-scale representation of G357.7 -0.1 from 
the combined VLA B- and C-configuration data at 1.4 GHz, and 
a contour map of the same data is shown in Fig. 3. These maps 
contain a flux density of about 35 Jy, somewhat greater than 
expected from existing pencil beam measurements (29 Jy). 
Figures 2 and 3 reveal this object to be one of the most remark- 
able radio sources yet mapped, with its unique structure of 
filamentary arcs. Although no other known SNR, either shell- 
type or filled-centre, has a similar appearance, the morphology: 
would be even more abnormal for an extragalactic source. It is 
almost certainly galactic. 

Measurable linear polarization, typically 10%, is found over 
most of G357.7 —0.1 at 4.9 GHz and, in Fig. 4, vectors represent- 
ing this polarized intensity are superimposed on the total- 
intensity contours from the D-array observations at 4.9 GHz. 
The vectors appear well ordered across the entire source, imply- 
ing a well-ordered intrinsic magnetic field. There is no detailed 
correlation between the polarization and the filamentary struc- 
ture. At present, we have insufficient information on the Faraday 
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Fig. 3 1.4-GHz total intensity map 
of G357.7-01. The half-power 
beamwidth is 3.8 x 10.9 ares at posi- 
tion angle 19°. Contour levels 
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Fig. 4 The distribution of linear polarization on G357.7 —0.1 at 
4.9 GHz. The half-power beamwidth is 12x26 arcs at position 
angle 9°. Contour levels are —10, —5, 5, 10, 30, 50, 100, 150 mJy 
per synthesized beam area. A vector of length 10 arcs represents 
4.7 mJy per synthesized beam area of polarized intensity. The 
orientation of the vectors gives the position angle of the E vector 
of the polarized emission. Polarized intensities of <0.9 mJy per 
synthesized beam area are not plotted. No correction has been 
applied for the primary beam response of the individual antennas 
(half-power beamwidth ~9 arc min) and consequently the flux 
density in the contours is reduced to ~70% of that expected from 
pencil beam measurements. 


` rotation of the polarized emission to draw any conclusions on 
magnetic field directions within the object. 

The filaments are very thin, with deconvolved widths of ~5 
arc s, implying length/ width ratios of up to 60. Their brightness, 
relative to the more smoothly-distributed emission, is far higher 
than in the Crab Nebula; indeed they are reminiscent of the arc 
features recently resolved near the galactic centre”. In these 
respects, this object is unique as an SNR. 

The three-dimensional structure is difficult to elucidate. There 
is some suggestion of a structural axis, corresponding roughly 
to the major axis of the source at position 65° and around which 
one may discern partial helical or cylindrical structures, the 
_- prominent filaments possibly delineating a ‘waist’. This could 
conceivably be construed as evidence for a predominantly- 
equatorial supernova outburst, as has been suggested'* may 
result from the collapse of a rotating massive star. Any helical 
structure is also reminiscent of the precessing object $S433, 
although the scale is completely different, and G357.7—0.1 is 
quite unlike the SNR W50 surrounding SS433'*'°. Alternatively, 
the ‘head-tail’ character of the structure illustrated in Fig. 3 
: may indicate some sort of evolution from east to west, although 
there is no evidence that the spectral index changes markedly 
across the source. We note in this regard the intriguing presence 
of a point source near the major axis of G357.7 — 0.1, just beyond 
the brighter end. It has a flux density of 30+ 10 mJy at 1.4 GHz 
~ and 484 14 mJy at 4.9 GHz, indicating a flat or inverted spec- 
~ trum. Although these properties are typical of compact 
extragalactic sources (and there is no obvious link between this 
source and the extended object), further investigation would be 
of interest. 

The sharpness of the filaments and the presence of the point 


-< Source as a phase reference will make it possible to map proper 


_. motions in G357.7—0.1. A lateral velocity of 1,000 km s™' at a 
distance of 10 kpc would produce a proper motion of 0.1 arcs 
in Syr. Such proper motion studies will help to elucidate the 
eometry, nature and origin of this. object. 




































At present, we can only say that the filamentary morphology, 
non-thermal emission and polarization of G357.7 —0.1 seem te 
indicate that it is an SNR. It does not fall clearly into filled-centre 
or shell type, but the ordered nature of the main filaments, the 
off-centre position of the radio peak and the steep radio spectrum 
all suggest a closer affinity with the shell-type variety. Howeve: 
the unusual properties of G357.7—0.1 suggest that its origin is 
as unique as its appearance. ; 

The NRAO is operated by Associated Universities, Inc. under 
contract with the NSF. ae 


Received 26 October; accepted 28 November 1984. 


- Clark, D. H. & Caswell, J. L. Mon, Not. R. asir. Soc. 174, 267-305 {1976}. 7 
Strom, R. G., Goss, W. M. & Shaver, P. A. Mon. Not. R, astr. Soc. 200, 473-487 (1982); 
- Shaver, P. A. Astr. Astrophys. 105, 306-312 (1982). apes 
. Milne, D. K. Aust J. Phys. 32, 83-92 (1979), o 
- Caswell, J. L., Murray, J. D., Roger, R. S., Cole, D. J. & Cooke, D. J. Astr. Astrophys. 
239--258 (1975). ` s 
- Weiler, K. W. & Shaver, P. A. Asir. Astrophys, 70, 389-398 (1978). i 
7. Radhakrishnan, V., Goss, W. M., Murray, J, D. & Brooks, J. W. Astrophys. J: Suppl: 
49-121 (1972). 
8. Slee, O. B. & Dulk, G. A. ZAU Symp. 60, 347-351 (1974). ag 
9. Caswell, J. L., Clark, D, H. & Crawford, D, F. Ausi J. Phys. Suppl. 37, 39-56 (1975). 
10. Weiler, K. W. & Panagia, N. Asir. Astrophys. 90, 269-282 (1980). 4 = 
11. Lockhart, I. A., Goss, W. M., Caswell, J. L. & McAdam, W. B. Mon. Not. R. astr. Soc TIN, 
147-152 (1977). D 
12. Caswell, J. L., Haynes, R.F., Milne, D. K. & Wellington, K. J, Mon. Not. R. asir. Soc. 190, 
881-889 (1980), E 
13. Yusef-Zadeh, F., Morris, M. & Chance, D. Nature 310, 557-561 (1984). 
14, Bodenheimer, P. & Wooseley, S. E. Astrophys. J. 269, 281-291 (1983). 
15. Hjellming, R, M. & Johnston, K. J. Nature 290, 100-107 (1981). 
t6. Geldzahler, B., Pauls, T. & Salter, C. J. Asır. Astrophys. 84, 237-244 (1980). 


tw pa ee 


fea 





A new class of nonthermal radio sources 


R. H. Becker* & D. J. Helfand+ 


*University of California at Davis, Department of Physics, Davis; 
California 95616, USA ca 
tColumbia Astrophysics Laboratory, 538 W. 120th Street, New Yor 
New York 10027, USA : 





Current radio catalogues"? list some 145 sources as galactic 
supernova remnants which are included primarily on the basis o 
their exhibiting a nonthermal radio spectrum, evidence for exten- 
ded emission and being located within a few degrees of the galactic 
plane. Detailed maps including spatially-resolved spectral infor- 
mation and polarimetric data have been obtained for about hal 
of the catalogued objects, primarily those lying within ~5 kpe of 
the Sun, and have revealed three classes of remnants: shell-like 
sources, Crab-like synchrotron nebulae and composite remnants” 
containing a central Crab-like component surrounded by a shell. 
While mapping many of the remnants not well studied to date, we 
have discovered at least two nonthermal extended objects which 
defy classification in any of these categories. The two sources 
exhibit a marked axial symmetry with evidence for a compact 
component at one extreme of the axis. Their diffuse emission 
includes bright filamentary structures superimposed on a lowe 
surface brightness component which gradually fades, becoming 
undetectable at the end of the axis opposite the compact source. 
The mean spectral indices of these sources are intermediate 
between the shell- and Crab-like remnants. We propose here that 
these objects are representative of a new class of nonthermal radio 
sources; elsewhere in this issue", we suggest that such sources ai 
formed through the emission of relativistic particles produced by 
high-velocity accreting binary systems. ae 
The radio sources G357.7 —0.1 and G5.3 — 1.0 were observed 
with the National Radio Astronomy Observatory Very Large- 
Array (VLA) in the spring and summer of 1984 at 20 and:6 om: 
utilizing the B-C and C--D:hybrid configurations, preferable for 
sources at southern declinations as they produce a more circular < 
synthesized beam. Although, by using two different arrays for 
the two wavelensths. we have achieved camnarahla racnbitian 
























in the resulting images, the correspondence is not exact, as 
mutual shadowing of the most closely spaced antennas occurs 
amore frequently in the compact C-D configuration. As a result, 
the 6-cm image contains somewhat less information about exten- 
ded structure; the smaller primary beam at 6 cm also reduces 
the sensitivity to features on the largest angular scale (~30 arc- 
min). A total of ~40 min of data were accumulated for each 
gurce at each of the two frequencies. Maps were then produced 
from the raw data and subsequently cleaned using standard 
- algorithms. 

The radiograph of the 20-cm brightness distribution, shown 
in Fig. 1, best exemplifies the unique nature of G357.7-0.1. The 
‘immediate impression is that of a number of smoke rings of 
-varying dimension, concentrically placed along a common axis; 
we can trace emission along this axis for ~12 arc min, the 
filensity decreasing monotonically from west to east suggesting 
a temporal sequence. We also note the compact source of 
emission located west of the westernmost ring and lying along 
he same axis: The same data are represented in a contour map 


Fig.1 a, A radiograph of the non-thermal galactic 

radio source G357.7~0.1 at 20 cm obtained with 

the VLA. b, A radiograph of the non-thermal galac- 

tic radio source G5.3— 1.0 at 20 cm obtained with 
the VLA. 


in Fig. 2a; there was no indication of polarized emission at 
20 cm. 

The 6-cm image, shown as a contour map in Fig. 2b, reveals 
the same structure in the western end of the source, but fails to 
detect the emission from the eastern half, partly because of its 
lower sensitivity in detecting extended features. In addition, the 
6-cm emission was linearly polarized in places (Fig. 3), par- 
ticularly from the second and largest ring structure. 

Comparing Fig. 2a and b provides information about the 
spectrum as a function of position of the source (but note that 
this procedure is somewhat uncertain, given that the 6-cm data 
are less sensitive to extended emission). Starting at the west, we 
have fitted single gaussian models to the compact source of 
emission and, taking the average of the two wavelengths, we 
locate the source at RA (1950)=17h 36min 52.115 and dec. 
(1950) = -30°57 21.65”. The fits at both frequencies result in a 
finite size estimate of 3-4 arcs, but the source sits on top of a 
nonuniform background resulting in a formal uncertainty in the 
size of +2 arcs, and thus it could be point-like. The flux is 
estimated at 60+5 mJy and 44+5 mJy at 20 and 6 cm respec- 
tively, implying a spectral index of ~0.25; in comparison, the 
spectral index for the hot spots in the southern end of the first 
ring is ~0.5, similar to the spectrum for the integrated total 
intensity of ~0.45 (ref. 5). 

A contour plot of the 20-cm radiograph of the second source, 
G5.3 — 1.0 (Fig. 4), is superficially dissimilar to the G357.7 — 0.1 
image, but shares many of its characteristics, including axial 
symmetry, a gradient in surface brightness from west to east 
and a compact source at one extreme of the axis; the only 
significant difference is a somewhat flatter integrated spectral. 
index of 0.2 (ref. 5). The image of G5.3~1.0 shows a source 
20 arc min in length with a leading compact object on the western 
boundary behind which extend several bubbles and arcs of 
emission followed by a long low-surface-brightness tail, This 
image is the result of 20-cm data combined from both the B-C 
and C-D arrays; the shorter spacings were necessary to obtain 
a more complete picture of the extended structure. Comparable 
short spacings were unavailable for the 6-cm observations (not 
shown) and only the highest. surface brightness features are 
visible in that image, but, as usual, the structure of the polariz- 
ation is characterized by smaller scales and is mapped quite 
well at 6cm. The polarized intensity and E-vector orientations 
are depicted in Fig. 5, which shows that most of the polarized 
emission arises in the northern ‘wing’ of the source, is remarkably 
uniform and everywhere perpendicular to the source boundary. 
Assuming little Faraday rotation, an assumption open to ques- 
tion, the magnetic field lines are thus parallel to the source 
boundary. of 


In summary, G5.3~1.0 and G357.7—0.1 are similar in thei : 
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Fig.2 A contour plot of the radio image of G357.7—0.1 at 20 cm 

(a) and 6 cm (b). The contour levels correspond to a: 2, 5, 15, 25, 

35, 55, 75 and 95% of a peak flux of 0.66 Jy beam™' and b: 3, 5, 
nae 7, 9:and 11% of a peak flux of 0,76 Jy beam™'. 
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Fig. 3. The linear polarization vectors for G357.7—0.1 from the 

6-cm polarization map overlayed on the 20-cm contour plot. The 

orientation. of the straight lines represents the direction of the 

_E-vector of the received radiation whereas the length of each line 

_is proportional-to the polarized intensity at that location (1 arcs 
flies et ote as = 0.09 mJy per beam). 








radio sources near the galactic plane have been accepted as 
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Fig.4 A contour plot of the radiograph of G5.3 — 1.0 as observe 
at 20 cm. Contour levels correspond to 3, 5, 7, 9, 12 and 13% 
a peak flux of 78 mJy beam™' (the peak flux in the map is outs 

the region shown). : 
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Fig.5 Polarized intensity along the northern wing of G5.3-1.0 

observed at 6 cm; polarization vectors are as in Fig. 3. The conto 

level is 0.7 mJy beam™'; a line 10 arcs long corresponds to 0.3 m. 
per beam area of polarized intensity. oe 


detailed morphology, yet differ markedly from any. pr 
observed radio sources. Both objects are clearly non 
with significant linear polarization, both have axial symm 
with a progression of features from compact at one extreme to. 
diffuse at the other, and both images suggest episodic outbu 
of energy. The failure to recognize these objects previously is, 
in part, because of the complacency with which all non-thermal. 


supernova remnants, but also owing to the lack of high resolution 
images for southern sources. Although we do not expect to find 
































































n abundance of these objects, we would not be surprised were 
additional sources of this type to be discovered among those 
resently catalogued as supernova remnants. 
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e accompanying letter’, we have reported the discovery of two 
onthermal radio sources lying near the galactic plane, which have 
surface brightness distributions radically different from those of 
the supernova remnants (SNRs) with which they had been formerly 
lassified. Their marked axial symmetry, associated compact com- 
ponents, steep surface-brightness gradients and polarization struc- 
ture are unlike those seen in any previously-identified class of 
adio emitters. Here, we discuss some of their physical properties 
distances, ages, energetics) and describe briefly a scenario in which 
he observed radiation is produced by electrons generated in a 
ativistic outflow from high-velocity accreting binary systems. 
-The radio emission from shell-type SNRs is understood to 
tise from particles accelerated at the shock front formed as a 
supernova blast-wave expands into the ambient medium. On 
chieving energies of 10°-10'' eV, the electrons produce syn- 
_chrötron radiation in the region of compressed magnetic fields 
‘behind the shock (B~1!0°°G). The lifetime of a source 
=10° yr) is limited to the age at which the SN-shock velocity 
ls to a value (~ 20 km s~') comparable with the characteristic 
urbulent velocity of the interstellar medium, whereas the evol- 
ution of the radio luminosity of the remnant is determined 
primarily by adiabatic-expansion losses undergone by the syn- 
chrotron electrons. 
In the Crab-like remnants, the radio-emitting electrons are 
duced by a central pulsar, deriving their energy, directly or 
ndirectly, from the rotational-kinetic-energy loss of this source. 
They radiate in a magnetic field (~ 5 x 107* G in the case of the 
Crab) which is also generated by the pulsar and confined (at 
east in some sources) by the shell of supernova ejecta. As the 
synchrotron lifetimes of the particles are much greater than the 
characteristic energy-loss time scale for the pulsar (~ 10° yr), 
and as the acceleration mechanism extends to much higher 
energies (y > 10’), providing a source of radio particles evolving 
_ downward in energy from that of X-ray and optical synchrotron 
“electrons, the radio-luminosity evolution of these remnants is 
‘non-monotonic. A successful self-consistent model has yet to 
produced, but a number of indirect arguments”” suggest that 
the lifetimes of the Crab-like sources are considerably shorter 
(~~ 10' yr) than those of shell-like objects. The newly-emerging 
class of composite remnants*’*, in which both radio shells and 
rab-like cores are visible, probably represent a relatively brief 
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period in the history of pulsar-driven remnants in which the 
emission from both components is comparable (that is, within 
a factor <107). 

The mean radio spectral index of the shell-type remnants is 
~0.5, whereas for the Crab-like nebulae, a ranges from 0.0 to 
0.2. Both classes show roughly circular symmetry with little 
spatial variation in spectral index across the face of the source. 
For all remnants exhibiting a compact object® (for example, a 
radio pulsar or a point-like X-ray source), it is found inside the 
boundary of the emission, usually quite close to the centre. This 
is to be expected as the typical velocities of normal stars, pulsars 
and accreting binaries are all < 10° kms”', whereas the intial 
expansion velocity of the SNR is ~10*kms~™' and the mean 
shock speed remains >10° km s™' for > 10° yr; thus in the life- 
time of either remnant class, a compact object will not outrun 
the shock front. 

Clearly, the two extended nonthermal radio sources' do not 
fit the description of either type of SNR, their symmetry being 
axial rather than circular and their spectral indices falling 
between those of the two remnant classes; the highest surface- 
brightness features and possible point-source components lie at 
one extreme of the axis, outside the main emission region. Thus, 
we believe that these objects represent a new class of diffuse 
non-thermal radio source. 

Their large angular size and proximity to the galactic plane 
argues strongly that they are indeed galactic objects (at a redshift 
of z~0.1, the linear size of G5.3-1.0 would be ~3 Mpc). Little 
information is available on the distance to either source, 
although a hydrogen-absorption-line map of G357.7-0.1 (ref. 
7) reveals evidence for absorption arising in the expanding 3-kpc 
arm of the Galaxy, placing the source at a distance >7 kpc 
from the Sun. Unfortunately, the low galactic longitude of both 
objects precludes the. possibility of obtaining more accurate 
distances by this method, but suggests on statistical grounds a 
distance of ~10 kpe which we shall use, expressing our results 
in terms of the scaling factor d,o. 

The angular size of the two sources is similar; from end to 
end, the axes span 12 and 20 arc min, implying linear extents 
of 36 and 60 dio pe for G357.7-1.0 and G5.3-0.1 respectively. 
Their total radio luminosities are obtained from single-dish 
continuum measurements'; using power law spectral indices 
determined from the ensemble of these measurements and 
integrating from »,= 10’ to v,=10'' Hz, we obtain values of 
Lp(G357)~1x10% d? and Lp(G5.3)~2* 10" dip ergs”. 
Thus, the total energy in radiating electrons can be approximated 
as 
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where B is the mean magnetic field’. Adopting the interstellar 
value of B~ 10°55 G, we find E. ~ 3-20 x10°° dio erg. There- 
fore, to produce radio emission over the observed band, the 
individual particles must have 10° < y< 10°. 

Without a detailed model for the particle acceleration 
mechanism, it is difficult to estimate how much additional energy 
goes into accelerating the unseen protons. In extragalatic radio 
sources, internal Faraday depolarization indicates a proton 
density in the jet flows implying Ep ~ 10°E,, whereas in the Crab 
Nebula, limits on the dynamical pressure exerted by the relativis- 
tic particle population require E, © E.. Although a higher mag- 
netic field strength could clearly lower the inferred total particle 
energy, it could only do so if the energizing source could provide 
sufficient additional energy to produce this enhanced field. For 
a volume of ~20 d;o pc in radius (the mean value for the emitting 
regions), the interstellar field energy is ~10° erg, comparable 
with the particle energy calculated above. Furthermore, although 
the field energy grows as B°, the required particle energy declines 
only as B°’*, resulting in a total energy in the field and particles 
E =~ 10° (B/107°*)'?. Thus, we adopt 10° erg as a lower limit 
to the energy input required to produce the observed emission. 

Although the origin of this energy is uncertain, the overall 
morphology of these sources seems to suggest the passage of 








NATURE VOL. 313 10 JANUARY 1985 








an energizing agent, along an axis bisecting the diffuse emission, 
whose current activity is displayed in the compact components 
at the western end of each source. A reasonable transverse 
velocity of V~ 100kms*' leads to a source age of r~ 5 x 10° 
(dio/ Vioo)yr, which is comfortably shorter than the particles’ 
synchrotron lifetimes if B < 10~* G. (In fact, if the fading of the 
emission at the eastern ends of the sources is caused by syn- 
chrotron losses, adiabatic losses are negligible, the field is just 
~107* G and the total energy input is ~10°° erg.) If the energy 
input has been approximately constant over this interval, the 
luminosity of the energizing source in high-energy particles must 
be 210°’ erg s~!. 

Total luminosities exceeding 10° erg over >10°° yr occur in 
only two classes of galactic objects: massive (>5M,) main 
sequence stars and accreting binary systems containing a neutron 
star or a black hole. Isolated neutron stars can indeed supply 
the total energy required (and have the added virtue of being 
known producers. of relativistic electrons), but the distribution 

`of pulsar periods and period derivatives strongly indicates that 
they maintain spin-down luminosities of >10°’ erg s™' for < 

10* yr. There is no evidence that OB stars produce relativistic 
winds and we can think of no plausible mechanism by which 
this may occur. Nevertheless, a scenario involving a travelling 
-binary system is both energetically and astrophysically feasible. 

Several accreting binaries containing compact objects have 
been implicated in the production of high-energy particles. Sco 
X-1 is known to have a pair of radio lobes separated from the 
central source by ~0.1 pe (ref. 9). SS433 produces powerful jets 
of relativistic material’? (containing 10°°-10** erg s~'), whereas 
the X-ray binaries Her X-1 and Vela X-I have recently been 
reported as very- high-energy and/or ultra-high-energy y-ray 
emitters! ™?!?, implying copious production of ultra-relativistic 
particles (~1-10% of the accretion energy). Cyg X-3 is also a 
confirmed 10''-10'? eV (y ~10°) y-ray source? which, over 
the past 10 yr, has experienced several large radio outbursts 
: injecting 2108-10? erg into an expanding shell of radio emit- 
“ting plasma possibly via jets with an expansion speed of ~0.35 c 
(ref. 14). Periodic flares with an energy input of < 10° erg every 
~5h (~10°'erg per 10° yr) have been reported recently’. 
Finally, on general theoretical grounds, it has been argued’? 
that compact objects surrounded by accretion disks should be 
expected to produce relativistic particle beams emerging along 
the disk rotation axis. 

These binary systems are all strong X-ray sources with 
luminosities in the 0.2-20 keV band of 10%-10% ergs™'; sig- 
nificant unobservable extreme ultraviolet emission is also expec- 
ted, leading to total accretion luminosities substantially exceed- 
ing the ~10°’ erg s™' that we require in high-energy particle flux. 
We predict, then, that compact X-ray sources should be found 
coincident with the leading (western) end of each of our new 
sources, having luminosities = 10°’ erg s`! but heavily absorbed 
at energies below 2-3 keV owing to the large column density of 
material along the line of sight to the galactic centre (Ny > 
10” cm~?). 

Although the overall morphology and energetics of these two 
sources are consistent with the above scenario, the detailed 
structure of the emission also deserves comment. The simplest 
interpretation is that the varying distance from the axis at which 
emission is seen, and the filamentary structure of both the total 
intensity and the polarized flux, result from variations in the 
energy injection rate and/or the ambient magnetic field into 
which the particles are injected (recalling that mean interstellar 
field values of 3 x 10~° G are sufficient to explain the emission). 
In particular, the 20-pc-long filament near the leading edge of 

G5.3-1.0 with its remarkably straight magnetic field is reminis- 
cent of those recently reported'’ near the galactic centre. 
Although the origin of the latter filaments remains unclear, in 
the case of G5,3-1.0, it is possible that the outflowing beam 
“combs out’ the ambient field and/or that the pre-existing field 
is amplified by sheer stresses at the boundary of the flow, as is 
thought to occur in extragalactic jet sources. Higher sensitivity 
; polarimetric mapping, together with a more detailed develop- 
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ment of source models, will be necessary before the origin. n of : 
the fine structure in the morphology of these sources become: 
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Hercules X-1 exhibits a 35-day cycle in its X-ray intensity’? in 
addition to its pulsar rotational and orbital periodicities of 1.24 $ 
and 1.7 days respectively. The effects of X-ray heating on the 
companion are visible throughout the 35-day cycle’, suggesting 

























ing of the line of sight to the pulsar. We report here observations 
made with the EXOSAT Observatory between 1983 June an 
August that failed to detect the expected 35-day variation in X-ray 
intensity, although low-level extended X-ray emission was seen. 
Models where the obscuring of the pulsar is caused by a precessing 
tilted accretion disk have been : Proposed +, although the phy: 
of the tilted disk are not clear'®. Alternatively, wave-like thicken- 
ings of the accretion disk have been proposed" to account for the 
observed modulation. Our EXOSAT observations suggest that 
temporary change in the disk structure may have occurred such 
that the disk was in the line of sight throughout. 

Hercules X-1 (Her X-1) was observed by the European Space 
Agency’s EXOSAT Observatory (see ref.12 for additional 
details) on 1983 June 28, ~37 days after the Tenma X-ray 
satellite observed that it was close to its maximum high-state 
intensity”. During the 35-day cycle, Her X-1 normally has à 
high-state lasting for ~10 days with a 2-6-keV intensity of ~0.1 
seen from the Crab Nebula (100 mCb), and a ~5-day secondary 
high-state with peak intensity of ~30 mCb that occurs:=1807 
out-of-phase with the primary high-state. For the remainder of 
the 35-day cycle, referred to as the low state, Her X-1 is much 
fainter at ~5 mCb!?.!4-!6 In, the EXOSAT medium energy (ME) 
proportional counter array'’, Her X-1 was detected only witha 
2-6-keV count rate of ~5 mCb, similar to that obtained in 
previous low-state measurements. Subsequent observations, 
approximately evenly spaced every 10 days over the following 
70 days failed to detect a high-state (Table 1). A recent EXOSAT 















































“Fable 1 EXOSAT observations of Hercules X-1 





Time (UT) 1983 35-dayt ME 2-10 keVt 


Start Duration 1.7-day* cycle flux (107"' 
h h phase phase ergem™*s~') 
01.28 6.62 0.92-0.08 0.07 4.341.9§ 
16.80 0.95 0.48-0.51 0.15 4.4409 
15.85 24.82 0.16-0.77 0.38 1.3419 
10.47 2.22 0.32-0.38 0.62 1.2+2.0 
06.37 2.95 0.28-0.35 0.95 10.0+ 1.7 
23.22 1.67 0.69-0.73 0.97 6.61.9 
11.93 10.30 0.53-0.78 0.16 6.4+0.9 
05.77 3.65 0.09-0.18 0.37 3441.8 
19.60 2.82 0.07-0.14 0.75 2.840.9 





_ * Using the ephemeris of ref. 21, where the centre of eclipse occurs 
at JD = 2,442,859.7267 with a period of 1.70016779 day, 

+ Using the 35-day ephemeris derived in the text. 

_E Assuming a power-law spectrum with energy index of —0.48 (from 
the best fitting ME spectrum) and a low energy cut-off, equivalent to 
O° Hem”? (ref. 23). 

§ For the interval 1983 June 26 06:54 to 07:54 UT (outside of eclipse). 


bservation'* on 1984 March | detected Her X-1 in a high-state 
ata flux of ~80 mCb, comparable with the previously observed 
maximum intensity (see also ref. 19). 
The interval between the Tenma and EXOSAT observations 
high-states in 1983 June and 1984 March, respectively, is 
proximately 8 times the average 35-day cycle. Figure 1 shows 
the ME count rates folded using the approximate 35-day 
hhemeris derived from these observations, which gives X-ray 
ima at Julian date (JD) 2,445, 478.7 +35.5E. Also given for 
comparison is the usual envelope of the 35-day X-ray modula- 
. All the measured intensities were similar to those measured 
during the first EXOSAT observation. If Her X-1 had been 
llowing the established 35-day cycle, we should have detected 
either a primary or secondary high-state. 
‘The observation on 1983 June 28 was made through an entire 
eclipse of the X-ray source by its companion and Fig. 2 shows 
a 2-10-keV light curve from the ME with a hardness ratio 
obtained from dividing the ME counts between 5 and 10 keV 
by those between 2 and 5 keV. Coaligned with the ME is a low 
energy imaging telescope with a channel multiplier array (CMA) 
he focal plane: the light curve from this instrument in the 
02-2.0 keV band” is given also in Fig. 2. Comparison of the 
count rates obtained at the start and end of the 1983 June 28 
bservation with those of the uneclipsed observations suggest 
that Her X-1 had emerged fully from eclipse by the end of the 
adeervation. In contrast to previously observed eclipse transi- 
7 the eclipse i ingress and egress are clearly resolved here. 
At aid-colipee there is.a residual counting rate of ~1 count s ee 
the ME with no marked change in hardness ratio associated 
the eclipse. The CMA data also show residual emission 
fro Her X-1 in the 0.02-2.0-keV band. During a 2.6-h interval 
red on mid-eclipse, a count rate of 0.0027 count s~' was 
ed at a confidence level of >99%. The reduction in 
y inthe CMA was ~0.25, similar to that seen in the ME. 
\s the ME array was coaligned for this observation, data from 
an observation two days later was used to estimate the back- 
round counting rate. (See ref. 17 for details of the background 
ubtraction techniques.) Systematic variations in the background 
ounting rate over the period between these two observations 
üld have produced some of the residual flux in the ME at 
mid-eclipse. However, this is unlikely to be a large effect because 
| Substantial background variation would have caused a change 
in the hardness ratio, which was not observed. In addition the 
CMA background is determined simultaneously from a blank- 
id part of the detector and is not subject to the same uncer- 
ainties. 
The observation on 1983 August 5 provided the best 2-10 keV 
fay spectrum from the ME. No single continuum model gave 
eptable fit with a power-law model yielding a x° of 105 
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Fig. 1 The lower panel shows the observed ME count rates from 
Her X-1 averaged over each observation and folded modulo, for 
the 35-day ephemeris given in the text. The upper panel shows the 
shape and intensity of the 35-day ME light curve which would 
have been expected had Her X-1 been behaving normally. 
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Fig. 2 The ME (2-10 keV) and CMA (0.02-2.0 keV) light curves 
covering an entire eclipse of Her X-1 with time resolutions of 7 
and 20 min, respectively. The dashed vertical lines indicate the 
expected times of eclipse ingress and egress”'. The dashed horizon- 
tal line indicates the measured CMA background count rate. The 
hardness ratio is given by the ME counts between 5 and 10 keV 
divided by those between 2 and 5 keV with a time resolution of 
14 min. 


for 12 degrees of freedom. The inclusion of an iron K-emission 
line improved the fit giving a formally acceptable x° of 10 for 
9 degrees of freedom for a power law with an energy index 
of —0.48%63 and an equivalent hydrogen column density of 
Ny< Li x 107? H cm”. The line strength was (8+2)x 
10~* ph cm~? s™', corresponding to an equivalent width of 1.2+ 
0.4keV, with a full-width-half-maximum of <1.7keV at an 
energy of 6.29 + 0.25 keV (99% confidence limits). The observed 
spectrum with the best fit model is given in Fig. 3 with the 
incident spectrum. The 2-I0keV flux level was 64x 
10-''ergcem™?s"' corresponding to a luminosity of 2.6x 
10% ergs”! at a distance of 5.8 k ‘pe. The spectrum and flux levels 
are similar to those measured'* during a previous 35-day low 
state. About 70% of the <1 keV high-state flux comes from a 
0.11-keV black-body component”. Extrapolating the above ME 
spectrum to the CMA energy range, assuming an Ny of 2x 
10° Hem™*, gives an expected CMA count rate of 0.013+ 
0.003 count s~’, three times less than the observed count rate of 
0.033 +.0.002 count s”', suggesting that the black-body com- = 3 
ponent was present at an intensity similar to that in the maah rate ee 
with respect to the high-energy flux. n 
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disk to thicken and completely block our line of sight to t 
pulsar. In the self-oscillating disk model, a change in the ave 
mass-transfer rate would cause a change in the amplity 
the oscillations in the disk thickness such that the wave minimu 
would not be deep enough to uncover the X-ray sour \ 
Her X-1 has not entered an X-ray inactive state for 27 yr (re 
28), further monitoring is essential; the anomalous behaviour 
in the 35-day cycle may be a precursor to the next X-ray in 
state. With the complications of X-ray heating rem 
measurements of the ellipsoidal and radial-velocity variatio: 

during the next inactive state will provide additional constraly 
on the properties of this system. 

We thank J. A. Mattei for providing the AAVSO observation 
data; A. Peacock, B. G. Taylor and the EXOSAT observatory 
team for their support. A.N.P., N.E.W. and P.B. acknowled; 
the receipt of ESA Fellowships. 
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Fig. 3 The upper panel 
shows the 1983 August 5 
ME pulse height spectrum 
with the best-fitting model 
shown as a histogram. The 
lower panel shows the 
incident spectrum, after 
deconvolution from the 
detector response. The 
dashed line shows the 
calculated spectrum with 
the contribution from the 
iron line excluded. 
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The duration of the X-ray eclipse ingress or egress of ~1 h, 
when multiplied by the combined X-ray source and secondary 
velocities of ~300 km s™', gives a radius for the occulted low- 
state X-ray emission region of ~5x10'° cm, comparable to 
estimates for the radius of the accretion disk”, which confirms 
the original suggestion'® that the majority of the low-state X-ray 
emission comes from X-rays scattered by an accretion disk 
corona (ADC) from the central source to the observer around 
the occulting disk. Scattering in an ADC has also been proposed 
to explain the partial eclipses seen first from 4U1822—37 
(ref. 24) and then from 4U2129+ 47 (ref. 25). There is an asym- 
metry in the ME ingress and egress light curve, which may be 
caused by the distortions of the disk responsible for the 35-day 
cycle. Further observations of eclipses at different 35-day phases 
could yield further information about a changing disk geometry. 
The emission seen. during mid-eclipse suggests the presence of 
a second more extended scattering region, with a radius compar- 
able with, or larger than, that of the companion star (HZ Her) 
(~2x10'' cm), which may be a hot wind excited by X-ray 
illumination of the face of HZ Her” and/or the outer regions 
of the disk”. 

Our. EXOSAT results indicate that Her X-I temporarily 
: entered an extended low state presumably caused by a change 
in. the accretion disk that resulted in the disk completely occult- 
ing our line of sight to the X-ray pulsar. Jones et al.”* (see also 
ref, 29) examined: plates from the archives taken over ~80 yr 
and found that Her X-I has intervals, lasting typically 10 yr, 
where the effect of X-ray heating on the companion is not seen 
suggesting that the X-ray source shuts off completely. Optical 
and ultraviolet observations of HZ Her between 1983 June and 
August detected the effects of X-ray heating (ref. 30; J. A. Mattei, 
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The Moon’s bulk composition is a major constraint on its origin 
and evolution. Bulk density alone shows that the Moon is depleted 
in metallic FeNi relative to the Earth or to chondrites with ea 
MgO/FeO ratios (such as H-group chondrites). Depletions of 
minor-trace volatile elements are also obvious from geochemica 
data. The simplest assumption would be that the Moon is not much 
different in terms of nonsiderophile, nonvolatile elements from 
silicate portions of the Earth or H chondrites. Lunar heat flow 
data’ have been interpreted to imply that the Moon’s uranium 
content is about 46 ng g~’, about twice that of the Earth’s mantle. 
and three times that of H-chondrite silicates. As it is difficult to 
envisage any process preceding the formation of planets that would 
fractionate refractory lithophiles such as uranium from major 
lithophiles such as Si, disparity in the U/Si ratio implies disparity 
in provenance or origin. Based on a new model that takes into: 
account the considerable, but variable, thickness of porous, low- 


I. Howarth, personal communications) and show that Her X-1 
had not entered an X-ray inactive state. It is not clear whether 
the. 35-day modulation of the optical light curve was present 
over the interval after the X-ray cycle had stopped. However, 
between 1979 and 1982 the amount of X-ray heating seen from 
HZ Her appears to have decreased by ~15% *. In addition 
during 1982 and 1983 the measured pulse period was longer 
“than-is predicted by extrapolating from previous measurements 
(refs 13, 32 and T. Ohashi, personal communication). These 
effects suggest a small reduction in the X-ray luminosity caused 
presumably by a related change in the mass-transfer rate, which, 
as the radius of the magnetosphere of the X-ray pulsar is close 
to the centrifugal radius, could either decrease or increase. 
The tilted precessing disk models predict X-ray and optical 
light curves that are very sensitive to changes in the disk thick- 
ness; a small variation in the mass transfer rate could cause the 





































































couductiliy ‘ocgarenuiteh, the thickness of the Takia lithosphere, 
the nonrepresentative composition of the crust at one of the 
two sites where heat flow was measured, we estimate here that the 
Moon’s uranium content is roughly 19 ng g”'. The Moon’s bulk 
composition appears far less exotic than generally assumed. 

In the context of planetology, uranium and thorium have 
importance far out of proportion to their abundance in terms 
of mass or number of atoms. Other than heat sources associated 
with the origin of the Moon (for example, the energy of 
accretion), these two elements are the main sources of lunar 
internal heat. The Moon’s heat production, and consequently 
its gross evolution, are functions of its U and Th concentrations. 
The Moon’s U and Th contents, inferred from its heat flow, are 
generally regarded as key constraints on the bulk major element 
composition of the Moon: cosmochemists consider it unlikely 
that refractory lithophile elements (Al, Ca, Sc, Ti, V, Sr, Y, Zr, 
Nb, all.14 rare earth elements, Hf, Ta, Th and U) were fraction- 
ed from chondritic (or solar, or “cosmic’) proportions relative 
to one another at any phase before the aggregation of the Moon 
out of its protoplanets”. Thus, an estimate of the lunar U or Th 
content can be directly converted into estimates for the major 
elements Al and Ca. By including estimates of Mg/Fe and Mg/Si 
ed mainly on petrochemical data, cosmochemists estimate 
-bulk-Moon concentrations for numerous elements to three or 
even four significant figures*“ 

Lunar heat flow was, unfortunately, only measured at two 
s (measurements were planned for two others, but Apollo 
never landed, and the Apollo 16 probe was improperly 
stalled). As revised in 1976', the measurements were 21+ 
erg s`! cm”? for the Apollo 15 site and 14+ 2 erg s`’ cm” for 
e Apollo 17 site. Langseth et al' argued that these two sites 
probably representative for the global mean heat flow, which 
they estimated to be 18 erg s”' cm~”. Assuming this to be steady- 
ate heat flow (current heat production within the Moon= 
urrent heat loss from the surface of the Moon), Langseth et al. 
ferred the bulk-Moon U concentration to be roughly 46 ng g™' 
‘They also cautioned that “uncertainty in the global average heat 
flow cannot be estimated until further data become available”, 
but this caveat has been largely overlooked by cosmochemists. 
Keihm and Langseth’ revised their estimate of global mean heat 
flow to 14-18 ergs”'cm™*, but did not explicitly revise their 
estimate of the bulk- Moon U concentration. 

_ We have constructed finite-diflerence models to assess effects 
of the Moon’s thick low-conductivity megaregolith and convec- 
tion-free lithosphere layers on its thermal evolution. Previous 
studies have suggested two potential complications for interpre- 
tation of lunar heat flow data. (1) Both sites where heat flow 
as measured may be unrepresentative’, high by as much as a 
factor of 10, due to the greater thickness of the megaregolith 
T highlands in comparison to maria, which causes enhanced 
t flow over maria, especially near mare-highlands boun- 
aries. The Apollo 15 and 17 sites are both on maria ~5km 
highlands. (2) Heat flow is probably about 1.4 times greater 
ian steady-state models imply, mainly because roughly | half of 
1e Moon's mass is conductively cooled lithosphere’ (also 
mp cit in the models of Conel and Morton‘). 

ur models are similar to those of Conel and Morton®, and 
we confirm that variations in thickness of megaregolith at mare- 
highland boundaries probably cause the Apollo 15 and 17 heat 
flows to be unrepresentative. However, the focusing effect prob- 
ably only causes heat flow at mare/highland interfaces to be 
~15-20% higher than regional averages (Fig. 1). In most 
models, we assume the U content of the Moon to be 16 ng g™' 
(that is, 1.0 times non-metallic parts of H-group ordinary chon- 
drites), In all models, U and Th are assumed to be redistributed 
in the outer 400 km as a result of primordial differentiation: 
<- yelative to bulk-Moon concentrations, we assume U concentra- 
tions to be 4.1 from 0-70 km, 0.56 from 70-130 km, and 0.063 
from 130-400 km. Our models are two-dimensional with a spatial 
esolution of 20 km; they cover 240 km of depth in the Moon, 
and generally 600 km horizontally. Effects of heat sources below 
-240 km, as well as residual primordial heat, are simulated by 
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Fig. 1 Typical model results for heat flow (q) at the Apollo 17 
site. Also shown are key variables that affect heat flow: t, mega- 
regolith thickness; k,, thermal conductivity of megraregolith; kp, 
thermal conductivity of bedrock. Model results for Apollo 15 site 
are similar. In all models shown, bulk-Moon U content is 16 ng g~', 
redistributed vertically by differentiation. 
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assuming that the thermal gradient at 240km is 0.95 K km™! 


(ref. 6). In conjunction with the assumed bedrock pannel 
this implies a heat flow below 240 km of roughly 2 ergs~' cm~? 
(half as great as estimated elsewhere’ for heat flow from below 
the crust). We find that enhancements of heat flow at mare/high- 
lands boundaries (Fig. 1) are less than originally suggested by 
Conel and Morton®, because our models involve more realistic 
assumptions about lateral variations in megaregolith thickness, 
and about the difference in thermal conductivity of megaregolith 
as opposed to bedrock. Also, our models take into account the 
finite dimensions of the highland regions near the two landing 
sites in question. 

In previous models®, the ratio (highlands megaregolith thick- 
ness/ mare megaregolith thickness) was varied from 10 to 1,000. 
Numerous lines of evidence*"'' indicate that the megaregolith 
is generally 1-3 km thick under highlands. Highlands cover 
about 83% of the total surface; mare basalts cover 17%. Forma- 
tion of impact basins tends to cause ejection of uppermost crustal 
material, including former megaregolith, radially outward from 
the point of impact. At the centres of comparatively recent 
impact basins such as Imbrium (adjacent to the Apollo 15 site) 
and Serenitatis (adjacent to the Apollo 17 site) there is presum- 
ably no appreciable megaregolith. Just outside of recent impact 
basins megaregolith thickness is probably above average, ~3 km. 
Under maria within impact basins, whatever megaregolith that 
was not stripped away during the basin-forming impact must 
occur as layer(s) sandwiched between nonmare bedrock below, 
and layers of mare basalt frequently >1 km in total thickness’? 
above. Graben geometries’ suggest that the crust becomes more 
coherent (megaregolith gives way to bedrock) at a depth gen- 
erally 1.2-1.9 km below the surface under maria, as. opposed to 
mostly 2-3 km below the surface under highlands. Analysis of 
‘ghost’ craters’? as well as radar sounding data'* suggest that 
the basalt layer under Mare Serenitatis is >2 km thick within 
110km of the Apollo 17 site; so unless the depth to nonmare 
bedrock is exceptionally great, megaregolith thickness under 
Mare Serenitatis adjacent to the Apollo 17 site is probably 
<0.5 km. Our estimates for megaregolith thicknesses close to 
the Apollo 17 site are 0.2-0.6 km for the mare and 2-3 km for 
the highlands. The Apollo 15 site is well beyond the original 
rim of the Imbrium basin’ and the adjacent portion of Mare 
Imbrium is not particularly deep’. The elevations reached by 
the adjacent highlands suggest an exceptionally thick basin- 
ejecta deposit, however. The Apennine Mountains 10km from 
the landing site are nearly 4 km higher in elevation. Our estimates. 
for megaregolith thicknesses close to the Apollo 15 site are 
0.5-1.5 km for the mare and 3-4 km for the highlands. The ratio 
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Fig. 2 Present temperature at 240km depth as a function of 
-bulk-Moon U content and megaregolith thickness. Calculated 
_ assuming conservatively high conductivities (for megaregolith, k, = 
‘40 kerg s“' cm™' K~'; for bedrock, k, = 200 kergs~' cm™! K~’). 


(highlands megaregolith thickness/mare megaregolith thick- 
ness) is marginally lower for the Apollo 15 site than for the 
Apollo 17 site. 
In previous models’, the ratio (bedrock conductivity/ megare- 
golith conductivity) varied from 10 to 1,000. Among lunar 
materials, there is a fairly good linear correlation between poros- 
ity and the logarithm of thermal conductivity’. The megaregolith 
consists of porous impact breccias, whose porosities, if not 
~ directly measured, can be inferred from measured densities. The 
ean porosity of 39 lunar breccias, including eight impact melt 
breccias, is 17+ 10% (refs 17, 18). The mean porosity of Apollo 
‘IS and 17 mare basalts, about 10% (ref. 19), is potentially 
misleading. When these rocks were excavated by impacts, the 
vesicular upper layers of the lava flows were probably systemati- 
cally oversampled. A second-order effect comes from composi- 
tional variations: mafic silicates have 2-3 times higher conduc- 
tivity than plagioclase”. Based on imprecise porosity con- 
straints, the conductivity-porosity relationship’ indicates that 
megaregolith conductivity is roughly (within a factor of 3) 
20 kergs™'cm™!K~', and bedrock conductivity is roughly 
- (within.a factor of 2) 150 kerg s~! cm~ K`, 
Besides focusing heat flow at mare/ highland boundaries (Fig. 
1), the megaregolith reinforces the effect of a thick lithosphere’, 
making for a higher than steady-state present heat flow, and an 
interior that is hotter than would otherwise be the case. We have 
-= examined the effect of varying megaregolith thickness by running 
models similar to those illustrated in Fig. 1, except that mega- 
regolith thickness was assumed to be laterally uniform. Increas- 
ing the megaregolith thickness in these models from 0.1 to 2 km 
resulted in an 11% increase in present heat flow, and a 112°C 
increase in present temperature at 240 km depth. Magnetometer 
data indicate that the temperature at 240 km is in the range 
300-900 °C, and most probably in the range 500-700°C (ref. 
21). An absolute upper limit for the 240 km temperature is the 
12-kbar solidus of peridotite, which is ~ 1,300 °C (ref. 22). The 
highlands (83% of the Moon’s surface) are covered by 1-3 km 
of megaregolith. Figure 2 shows the 240-km temperature predic- 
ted by our model calculations as a function of megaregolith 
thickness and heat production (bulk-Moon U content). These 
-calculations indicate that if the 240 km temperature is <900 °C 
and megaregolith thickness averages even | km, then the bulk- 
Moon U content must be <30 ng g™'. Even 20 ng g™ of U is 
“only barely consistent with the latest estimate of the actual 
» temperature (400-700 °C) (ref. 21). 
One of the two measured heat flow sites, Apollo 15, is probably 






















of the Moon. Measured heat flow is 50% greater for the. 


eprésentative because it is in an exceptionally U-rich region. 





15 site than for the Apollo 17 site’. We find it unlikely at hi 
flow focusing is significantly more pronounced at Apollo 
than at Apollo 17; the reverse is more likely, because the 
(highlands megaregolith thickness/mare megaregolith. thi 
ness) is probably lower in the Apollo 15 area than in the Ap 
17 area. Orbital spectrometry data?** show that in most of 
central-western nearside, regolith U and Th contents are fa 
above the global means. In the vicinity (a circle roughly 8 
in radius) of the Apollo 15 site, U and Th contents are: 

the global means; in the vicinity of the Apollo 17 site th U 
Th contents are lower, but still 1.4 times the global means 
might be argued that these regional enrichments are pi 
surficial. If the central-western nearside surface concentra 
were representative of the entire vertical range of the crust 
lower crust would be partially molten'. We agree with Langs 
et al.' that the upper crust is probably enriched in U and’ 

































































nonmare lithologies appear to have formed as intrusive cum 
lates, but all of the KREEPy lithologies have volcanic 
hypabyssal textures”, which implies that KREEP is probabh 
enriched in the shallowest crust. Nevertheless, a compositi 
anomaly over a region the size of the central-western ‘nearsi 
probably reflects regional compositional variations within 
major fraction of the vertical range of the crust”, not just t 
upper few kilometres. If KREEP originated as the residual liqu 
of the primordial ‘magma ocean’, it probably was concentrat 
under regions with relatively thin crust”. Gravity data imy 
that the central-western nearside is such a region”. This inter 
tation is borne out by the marked tendency for i 
anorthositic and magnesian-troctolitic intrusive cumulates | 
Apollo 14 (the most KREEPy landing site) to have. 
incompatible element contents than their counterpart 
other sites**. We conclude that only the Apollo 17 site 
the Apollo 15 site, is likely to be representative of the 
mean for lunar heat flow. ; 
Correcting the Apollo 17 measurement for the effect (enha 
ment by 15-20% ) of locally thin megaregolith, our best êst 
for present global mean heat flow is 12 ergs! cm~?, which 
only 0.67 times that estimated in connection with the current 
accepted estimate for the bulk-Moon U content’. Note that e 
Langseth et al.' estimate for the bulk-Moon U content was based 
on the assumption that heat flow is steady-state. The Mo 
thick lithosphere probably causes present heat flow to be abo 
1.4 times present heat production’. Our calculations indicat 
additional enhancement of 1.1-1.2 times steady-state heat 
as a result of heat accumulation caused by the insulating ef 
of the generally 1-2 km thick megaregolith. Assuming that 
Moon has a chondritic Th/U ratio, steady-state heat flo: 
0.39 ergs™' cm”? for every ngg`' of U in the Moon. Th 
present heat flow is 1.5 times steady-state, a global mean h 
flow of ll ergs cm" implies a bulk-Moon U conten 
19 ng g`', which is only 0.41 times that estimated by Langset 
et al’, KERT 
Accepting the common assumption that bulk-Moon refracto: 
lithophile elements are unfractionated relative to ch 
proportions’, a lower bulk-Moon U content has importan 
cations for the major element bulk composition of the Ac 
because Al and Ca are also refractory lithophiles. In the e 
1970s, estimates of the bulk-Moon AIO, content were as 
as 17 or even 27 wt% (refs 29, 30). Chondritic proportio 
to 19ngg™' of U implies an Al,O, content of 3.2 wt%. Li 
U and AI,O, contents have important implications for. nor 
of lunar evolution. For example, one of the main argument 
favour of a deep primordial magma ocean is that the cru 
appears to be greatly enriched in Al,O, relative to the b 
Moon’. Accepting our lower bulk-Moon Al,O; content, the 
implied crustal Al,O; enrichment becomes even more extreme 
Lower bulk-Moon U and Al,O, contents also have important 
implications for the origin of the Moon. Aside from depletions 



















































l and volatile elements, the Moon’s bulk com 
be less exotic than generally assumed. Non- metallic parts 
F H-group ordinary chondrites contain about 16ng g' U and 
'.7.wt% ALO; (ref. 31). According to Ringwood”, the Earth's 
pper mantle contains about 21 ngg U and 3.3 wt% Al,O3. 
iere is no reason based on lunar heat flow to rule out a close 
genetic relationship between the Moon and either of these 
materials. 
We thank J. T. Wasson for helpful discussions and M. G. 
Langseth for a constructive review. This research was supported 
NASA grant NAG 9-87 and by the Danish Natural Science 
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uring a solar eclipse the Moon’s shadow moves at supersonic 
ed through the Earth’s atmosphere. Chimonas and Hines’? 
gested that the resultant cooling of the atmosphere would 
generate a bow wave of atmospheric gravity waves, which may be 
_ detectable as a travelling ionospheric disturbance or as a ground- 
level atmospheric pressure variation. Although the evidence for 
gravity waves in the ionosphere from a solar eclipse is still weak, 
y may have been detected’, Ground-level Pressure changes 
uring solar eclipses occur near the region of totality“, but the 
measured wave velocity and period do not agree with that of the 
redicted disturbance™*. We now report the detection of a ground- 
evel pressure wave detected at three stations in India and one 
station in Java, Indonesia. These data may provide the first direct 
bservation of eclipse generated gravity waves over a very long 
range. The most distant station in India was 6,600 km from the 
clipse centre line. The microbarometer recordings indicate that 
ave disturbance was recorded at each station with a quasi-period 
nd à wave velocity of~320 ms™'. 
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Fig. 1 Ground-level atmospheric pressure fluctuations at eclipse 

centre line East Java: a, 9 June; b, eclipse day, 11 June; c, residual 

fluctuations, after removing daily tides, during the 11 June 1983 
solar eclipse. First to fourth contact times are indicated. 
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Fig. 2 Ground-level atmospheric pressure fluctuations in. India 

during the solar eclipse and control days: a, Trivandrum, 10 June 

(- +++); HI June (-——); b, Udaipur, 10 June (- + + -); 11 June (-—); 

c, Leh, 11 June (——); 12 June (----), The altitude at Leh was 
10,800 ft, all other stations were at sea level. 


All four recording stations used identical microbarometers, 
operated in the differential mode and adjusted to respond to 
pressure variations from 1s for short-term variations to >5h 
for long-term variations. The microbarometer stations in India 
were arranged on a line approximately perpendicular to the 
eclipse path, which was 3,716km south of India. They were 


located at Trivandrum, near the south tip of India, Udaipur in. : 
central India, and Leh, northern India ~6,600 km from the line 


of totality. The recording stations in India were outside the 
penumbra region of the eclipse, and represent far field stations 
in that the solar insolation at these stations was not affected by 
the eclipse. A fourth recording station was set up on the.centre 
line of totality in East Java, Indonesia. The microbarometer 
recordings on the eclipse day and on several previous days are 
unique recordings in that the atmosphere was quite stable at 
each of the recording stations. The recordings from each station 
will be discussed in turn, followed by a general description of 
the atmospheric wave motion which. resulted from the eclipse. 
Centre line East Java: Figure la shows one of several micro- 
barometer recordings taken before the day of the eclipse. The 
upward trend in pressure results from thermal-barometric tides 
in this area and exhibited very little variation from day to day. 


The oscillation recorded between 05.00 and 08.00 UT represents: 
atmospheric gravity waves which occur from time to time. and — 


typically have periods of ~20 min. Figure 1b. represents the 
microbarometer recording on 11 June, which indicates the pres. 
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Fig. 3 Three-station average of the ground-level atmospheric 

pressure fluctuation in India on 11 June 1983. The pressure profiles 

were normalized to the same arrival time, based on a wave velocity 
of 320 m s™', before averaging. 


ence of very low frequency components compared with the 
recordings on background days. After subtraction of the thermal 
tides from Fig. 1b, Fig. 1c shows the eclipse-induced pressure 
variations at the centre line of the eclipse. The predominant 
period of the oscillation at this site was ~4-4.5h, and the 
resultant wave motion continued ~7 h after first contact. 

Trivandrum, India: This station, some 3,700 km from the centre 
line, had very low background pressure fluctuations and very 
little atmospheric tidal variation. Unfortunately, commercial 
`: power- was lost at this station on 11 June but was restored using 


`: an auxiliary generator between 06.30 and 11.30 UT. The expected 


arrival time for the pressure disturbance at Trivandrum was 
between 06.00 and 06.30 UT. Figure 2a shows the eclipse day 
recording corrected for background. As shown in Fig. 2a, a 
rather large pressure wave or pulse was recorded between 06.30- 
08.30 UT. Furthermore, the pulse or wave contained rather low 
frequency components. On no other day was a similar pressure 
wave recorded at this station. For comparison, the pressure 
fluctuations on 10 June are also shown in Fig. 2a. 

Udaipur, India: At Udaipur, 5,500km from the centre line, 
typical daily tidal and random pressure fluctuations were rather 
large on 11 June, and on all previous days that measurements 
were taken. Figure 2b represents the difference between the 
eclipse day and a typical background day. The resultant record- 
ing shows a large high-frequency fluctuation because of local 
atmospheric turbulence, although between 08.00 and 15.00 UT 
a low frequency pressure variation is evident with a quasi-period 
of 4.5h. The pressure fluctuations on 10 June are shown in 
Fig. 2b. 

Leh, India: Figure 1c shows the microbarometer recording for 
11 June at Leh, 6,600 km from the centre line. The background 
days recorded for 10 June and 12 June were interrupted by 
many power failures. During the intervals of operation on those 
days, the atmospheric pressure was stable, showing no unusual 
variations of pressure. The pressure fluctuations on 12 June are 
also shown in Fig. 2c. A rather large low frequency wave was 
recorded 11 June on an otherwise very stable day. As Fig. 2c 
shows, the predominant oscillation period was 4 h with the onset 
of the oscillation at approximately 09.00 UT. 

Although each of the pressure profiles in India was deformed 
by local conditions and random pressure fluctuations, the time 
delay of the pressure distribution at each station is important. 
The delay between Trivandrum and Udaipur was ~1.5h and 
that between Udaipur and Leh, 1 h. The resultant wave velocity 
would then be ~330 ms” between Trivandrum and Udaipur, 
and 306 m s™' between Udaipur and Leh. The wave velocity as 
calculated from the centre line to Trivandrum corresponds to 
~300 ms". 

Assuming a wave velocity of ~320 m s~', the pressure profiles 
were shifted such that each had the same arrival time, and each 
of these curves was averaged for the times where data were 
available. This average pressure profile for the three stations in 
India is shown in Fig. 3a. In this averaging process, we have 
neglected any effects of dispersion which may occur in distances 
less than one wavelength, during the transit of the pressure 
disturbance from Trivandrum to Leh. As expected, and shown 
in Fig. 3, the higher frequency random fluctuations are reduced 
and the remaining disturbance reveals a wave disturbance whose 
characteristics seem to be consistent with: wave velocity, 
~320m s~'; quasi-period, ~4 h; amplitude, ~ 100-150 ubar. 
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The corresponding air temperature for a speed of sound of 
320m s™' is 253 K. This temperature also corresponds to ar 
altitude of 50 km, or in the ozonosphere. These recorded da 
are consistent with the wake of atmospheric gravity waves p 
dicted by Chimonas and Hines for solar eclipses. Their predi 
wave period was ~4 h with a wave velocity of ~300 m s`! Th 
data may represent the first detection of this extremely. Ic 
frequency disturbance over a very long range. pee: 
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Gravitational, topographical and seismological studies of up 
regions around hot spots on oceanic,"” and continental pla 
have suggested that considerable lithospheric thinning has t 
place beneath these areas. Previous models used to study t 
phenomenon have been based on thermal conduction*"’ and 


However, their predictions of the time scale for direct erosion 
of the lithosphere by these upwellings are too long. We propose 


thinning of the lithosphere is accomplished by strong second: 
convection enhanced by the presence of a low-viscosity zone wl 
grows from a plume associated with a hot spot. This proc 
capable of producing the rapid time scale of the swell upli 
the order of 10Myr, and the rates of thinning, of order 
10 km Myr™’, required by both geophysical'*"* and geochemi 
observations. MAES 
Broad highlands'® in several geological areas, such as th 
Hoggar Massif, the East African plateaus and the nort 
Rocky Mountains surrounding Yellowstone, can be explain 
by a rapid increase in the lithospheric temperatures on a ti 
scale of only ~10’ yr. Similar swells can also be found in ocea. 
areas, for example, over Hawaii'', which are characterized b 
a surface elevation of 2-3 km and a horizontal scale of 10° km 
The geoid height anomalies over the Bermuda Rise? anc 
Hawaiian Swell’ are consistent with a shallow depth of co: 
pensation, indicating a compensating mass deficiency at 40--60- 
km depth. Anomalously low Pn velocity and thinned crust” 
as detected by seismic refraction, have often been interpreted 
as evidence of an asthenospheric diapir in contact with the ba 
of the crust at the Moho. Furthermore, heat transport into the 
lower lithosphere has been invoked to account for its differential 
stretching during the formation of some sedimentary basins!” 
All the geophysical evidence seems to support the idea that” 
lithospheric thinning, by means of additional heat transport, 
can occur beneath hot spots. cee 
Various mechanisms have been proposed to account for rapid. — 
lithospheric heating. Uplift and magmatism on the Colorado: 














lateau have been explained by a delamination event" involving 
detachment of the lower lithosphere from the crust owing 
) a low-viscosity layer in the lower crust. Diapiric penetration 
f the lithosphere caused by Rayleigh-Taylor instabilities has 
been suggested for the Rio Grande Rift and the Rhenish 
Massif!®'®?°. Another mechanism has involved a conduction 
odel? with a moving asthenosphere-lithosphere boundary on 
hich an arbitrarily high heat flux was imposed. In yet another 
ork’? the ability of a hot plume to supply a large heat input 
as studied in the context of a boundary layer flow model in 
hich temperature-dependent viscosity, but not buoyancy 
ces, was included. However, this type of stagnation flow 
ed unable, over a wide range of temperatures, to thin the 
osphere sufficiently fast. 
re we propose a dynamical model combining both convec- 
thinning and destabilization of the lithosphere owing to its 
wn buoyancy forces. In this process the material at the litho- 
phere-asthenosphere boundary is warmed conductively by the 
xtra heat transported by secondary convection in the astheno- 
phere. This matter consequently becomes soft enough to creep 
ut, being denser than the underlying soft asthenosphere, it will 
lunge into it as a blob, thereby efficiently eroding the litho- 
phere. 
Our mechanism is predicated on the belief that strong small- 
cale convection can develop in the low-viscosity zone from a 
primary flow, corresponding to a steady rising plume found in 
merical calculations”'? and laboratory experiments”**. This 
‘one arises because of the dependency of the mantle viscosity 
n the combined effects of temperature and pressure. Previous 
ons”>”° of small-scale. convection, as a means of producing 
wer lithospheric instability, were based on the assumption of 
yw-viscosity zone within the framework of constant viscosity. 
type of rheology, however, does not allow for the lithos- 
here to be thinned dynamically. A continuous, voluminous 
sly of hot material is thus assumed in order to maintain this 
ary flow. For high Rayleigh number convection, characteris- 
cof the mantle, the mass flux associated with upwelling plumes 
hould be able to sweep away the cold material falling from the 
estabilized lithosphere. Fast plumes then prevent the interior 
rom cooling and thus help to maintain an isothermal interior 
t Ts. This scenario is depicted in Fig. 1. However, these 
instabilities are unlikely to be manifested in the laboratory 
_experiments because the pressure-dependence of the viscosity 
cannot be simulated at all in the laboratory. We may regard 
presently the orientations of these secondary rolls as being 
random and, not in the strictest sense, as being cross rolls with 
a longitudinal direction”. Thus the y,-axis may not be 
orthogonal to the x,-axis in Fig. 1. Clearly, future three 
mensional calculations must investigate in greater detail the 
tructure of this new type of secondary motion. 
























































Fig. 1 Schematic diagram portray- 
ing the development of secondary 
convection from a rising primary 
plume. The projection (right) 
describes the mathematical idealiz- 
ation of this process by the mean- 
field equations. Isotherms are depic- 
ted such that T, > T, > T,> T;. The 
intrusion temperature T, is highest 
in the centre of the plume and 
decreases with x. The y,-axis associ- 
ated with the secondary roll may not 
be orthogonal to the x,-axis. The 
lithosphere (dotted background) 
shrinks with time owing to enhanced 
heat transfer. An upwardly migrating 
low-viscosity zone is formed right 
below the lithosphere, owing to the 
very nature of 7(T, p). 


We will construct here a simple mathematical model to simu- 
late the secondary convection. The mathematical idealization 
of the physical situation is shown in the projection (on the right) 
of Fig. 1. As computation of this flow is quite difficult to handle 
using the full set of equations, we have employed an approximate 
procedure, called the mean-field equation”, to study the non- 
linear evolution of secondary convection caused by the rise of 
hot material into the asthenosphere. Briefly, the mean-field 
approximation consists of describing the horizontal dependence 
of the flow field by a single periodic mode and then solving the 
resultant non-linear partial differential equations in time and 
the vertical coordinate, z. The depth of this layer, L, is taken to 
be 300 km. The creep law, as described above, depends on both 
temperature and pressure because studies?’ of the thermal state 
beneath the continents have shown that »(T, p) allows more 
heat to be transported than does a purely temperature-depen- 
dent rheology for similar values of the interior viscosity. 

The set of single-mode mean-field equations” describing 
the time-dependence of the mean-temperature, T, the tem- 
perature fluctuation, 0, and the vertical velocity, w, for a variable 
viscosity medium” are given in dimensionless form by 
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The dimensionless wavenumber, k, is denoted by 27L/A, where 
A is the wavelength of the horizontal mode under consideration. 
The reference Rayleigh number, R, is employed here solely for 
the purpose of rendering the equations dimensionless and is 
given by 

agATL* 
sogar (4) 

KY, 


where a=3x10°K~' is the thermal expansion coefficient, 
K = 0.008 cm? s~! is the thermal diffusivity, g is the gravitational 
acceleration, AT = T, — Tp is the temperature drop and v, is a 
reference viscosity. The rheological parameters used throughout 
have an activation energy of 100kcal mol`’, an activation 
volume of 12cm? mol`’, and a pre-exponential parameter such 
that the viscosity at a depth of 300km and a temperature of 
1,300 °C takes on a value of 10° P. These values are selected 
because they would best exemplify the subsolidus deformation 
behaviour of mantle materials. 
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Fig.2 Mean-temperature, vertical velocity, temperature perturba- 
tion and the mean viscosity for lithospheric thinning. The initial 
thicknesses of the lithosphere are: a, 100km and b, 200km. The 

- basal temperature T, is 1,540°C and the wavelength is 150 km, 
‘around which maximum heat transfer is obtained. The activation 
“energy is 100 kcal mol”? and the activation volume is 12cm? mol™’. 
‘Solid curves represent t =3.1 Myr, dashed curves stand for t= 

14:1 yr (a) and 51.8 Myr (b). 





The numerical methods for integrating equations (1)-(3) are 
described elsewhere”. As shown in Fig. 1, the lowest boundary. 
conditions are applied at z = L above which most of the return 
flow of the secondary rolls takes place. (Note that the horizontal 
velocity is aw/dz in Fig: 2.) Both the horizontal velocity, u, and 
the ‘normal stress, 7,,, are imposed to vanish at this boundary: 
There is mass flowing across z = L. Below the region of vigorous 
small-scale convection, the fluctuating temperature becomes flat: 
hence we may set 96/02 = 0 there. We have found that changing 
the mechanical boundary conditions at z = L does not influence 
the overall results, as long as there is an upward mass flux across 
z= TL, 

The initial temperature is a linearly-conducting profile through 
a lithosphere with a gradient of 6.5 °C km™'. Two different initial 
lithospheric thicknesses have been examined: the first, with a 
thickness of 100 km, is meant to describe an oceanic lithosphere; 
the second, with a thickness of 200 km, should characterize an 
old continental lithosphere. The initial temperature below the 
lithosphere assumed a constant value T,, a varying parameter, 
which must be greater than Tp, the equilibrium temperature of 
the upper mantle associated with a lithosphere thickness given 
for the above rheological parameters. We may then regard T,- Te 
as a finite-amplitude perturbation of the basic convecting state 
owing to the upward penetration of a hot plume. An increase 
in the temperature of the asthenosphere generates vigorous 
secondary motion, leading to thinning of the lithosphere by 
enhanced convective heat transfer. 

Figure 2 illustrates the basic physics of this mechanism, where 


T, is set to 1,540°C, corresponding to an increase of 240°C ` 
_--above the ambient values of Tg. One observes that there is a 
Sharp. change in the temperature gradient at the base of the- 
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Fig.3 Time history of lithospheric thinning for various values of 
T,. Solid and dashed lines represent, respectively, initial pla 
thicknesses of 200 and 100 km. The rheological parameters are th 
same as those in Fig. 2. Temperatures adjacent to the lines represent 
the intrusion temperature T,. The wavelength is 150km. 
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Fig.4 The temporal evolution of the relative elevation. The tem 
perature has been averaged over the top 200 km. Otherwise, the 
same symbols and parameter values are used as in Fig. 3. 


lithosphere T indicating a large heat input into the plate a 
resulting in lithospheric thinning. The place where T exhibi 
a sharp kink migrates upward at a rate of about 2 km Myr! fi 
both a and b. The vertical velocity increases dramatically wit 
time assuming a jet-like profile in a low-velocity zone with 
minimum of O(10"’ P). The narrowness of the low-viscosity zon 
would be difficult to resolve from loading responses. The verti 
velocity is faster in the case of a thinner initial lithospher 
the viscosity minimum is lower and is able to migrate ratl 
more quickly to the surface. We note that the lithosphere is. 
thinned by a factor two in much shorter time for a thinne 
lithosphere, indicating some sort of positive feedback proces 
Because of the high Rayleigh number, the small wavelength and 
the localized nature of @ and w below the lithosphere, thi 
subscale convective process would indeed be difficult to simulat 
with the full set of hydrodynamical equations. cee 
_Figure 3 shows the time history of the thickness of the 


lithosphere, defined by the depth of the 1,300°C isotherm, for 


various values of T,, which are all below the solidus” of dry 
olivine. The dashed curves represent an initially thin lithosphere 
with a thickness. of 100km, whereas the solid curves’ are’ 

associated with a thicker lithosphere of 200 km. The wavelength _ 











































































s maintained at 150km. For T,=1,550°C, and a thin 
ithosphere, the thinning rate is between 5 and 10km Myr’; 
he rates for a 200-km-thick lithosphere are half as large. One 
bserves that the rate does not decrease with time but rather is 
onstant. This is because the low viscosity channel becomes 
more pronounced in a thinner lithosphere. Consequently, the 
local effective Rayleigh number is greatly enhanced, giving rise 
o convective heat transport that is still able to overwhelm the 
increased conductive loss across a thinner plate. Under realistic 
conditions in the Earth, this type of thinning process must stop 
when the migrating boundary encounters a layer of intrinsically 
wer density, such as the crust, or a layer of depleted mantle 
materia! situated in the top 50 km of the oceanic lithosphere. 
_ The relative uplifts accompanying the lithospheric thinning 
ocess are shown in Fig. 4. Elevations of 2km are attained 
within 50 Myr for T, greater than 1,550°C and a thick litho- 
sphere; more rapid rates of uplifting are found for thin litho- 
eres as a consequence of lower asthenospheric viscosity. We 
ave calculated the elevation changes from thermal variations 
in the top 200 km of the cell. Uplift rates characteristic of those 
bserved over oceanic swells'*, O(0.1 km Myr™'), are attained 
for values of T, >1,550°C. 
ouse our model for the uplift patterns around hot spots, 
€ must go back to Fig. 1 where the several isotherms depicting 
e plume are drawn schematically. There one can discern that 
T, should be highest at the centre of the plume and should 
diminish away from it. In Figs 3 and 4 one finds the rate of 
uplift and thinning varying directly with T,. Thus one may 
expect maximum rates of elevation to change and lithospheric 
hinning to occur in the centre of the upwelling, which is still 
below the solidus temperature. Quantitative evaluation of how 
these rates decrease away from the centre requires a truly three- 
dimensional model. Moreover, the upper surface of our model 
stationary, very much unlike the fast-moving Pacific plate. 
lence, three-dimensional calculations are deemed necessary to 
tudy the interaction of the secondary convection with the shear 
flow driven by plate motion. 
_ The secondary convection model proposed here can generate 
the proper time scales for the uplift and thinning, as observed 
geologically. The viscosity decrease under the lithosphere, which 
makes rapid thinning by small-scale convection feasible, is a 
direct consequence of a temperature increase in (T, p). This 
mechanism becomes more efficient with decreasing viscosity, in 
ontrast to the behaviour exhibited by the large-scale upwelling’? 
sing 7(T). However, for higher viscosity values large-scale 
lumes may compete in the thinning process with small-scale 
convection. 
-Any other mechanism able to reduce the viscosity dramatically 
would produce similar results by means of small-scale flow. This 
ay. arise from mantle volatiles containing H,O or CO, being 
entrained by the plume, as rheological softening may result from 
mail changes in the intrinsic chemical properties of the medium. 
ence, the mantle beneath swells may not necessarily be 
ymalously warm. Finally, we note that this type of small-scale 
nvection may have played a more important role in the global 
eat-transport during the early history of the Earth—the mantle 
emperatures were higher then—thus promoting more vigorous 
ates of lithospheric erosion. 
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Fossil hydrothermal chimneys were first discovered at Silvermines', 
Ireland. Subsequent discoveries of fossils associated with mounds 
and chimneys in sulphide deposits within the ophiolite complexes 
of Cyprus’ and Oman? prove that life forms similar to those 
colonising active vents on the East Pacific Rise*~’ were extant 
100 Myr ago around ridge crest hot springs. Here I report the 
discovery of 350-Myr-old worm-like fossils recovered from pyrite 
chimneys associated with sedimentary-exhalative mineralization 
at Tynagh, Ireland. This find suggests that even older examples 
of life existing at seafloor hot springs may be awaiting discovery. 

Modern deep-sea hot springs are features associated with 
medium to fast ocean-floor spreading centres where the high 
heat flow, related to shallow magmatic intrusions, drives hydro- 
thermal convection cells within the newly formed oceanic crust. 
Metals released from the crust during hydrothermal metamor- 
phism on the East Pacific Rise are precipitated around seafloor 
vents as metalliferous deposits whose spectacular end-members 
are the black and white smokers at 21° N*. Normally the faunal 
population of the deep oceans is sparse’, restricted by the limited 
supply of nutrient falling as particulate matter from above. 
However, at hot spring sites in the eastern Pacific*’’, the local 
biological communities are extraordinarily dense owing to the 
prodigious increase in the supply of nutrients and include clams, 
tube worms, crabs, mussels, anemones, barnacles, limpets and 
many other species. Chemoautotrophic bacteria, which con- 
stitute the base of the food chain, use H,S dissolved in the 
hydrothermal fluid’, as a source of chemical energy. This food 
chain is probably utilized by the filter-feeding animals (such as 
serpulid worms) but it is less likely that the giant vestimentiferan 
worms'’-'? are nourished by this method. The worms live 
attached to rocks bathed by water at approximately 20°C and 
grow to 3 cm in diameter and 3 m in length. They lack a mouth, 
gut and anus and probably live. on dissolved organic matter 
such as amino and carboxylic acids. 

The discovery of these active hydrothermal vents and associ- 
ated biological communities along the East Pacific Rise*’ has 
prompted a search for similar faunal occurrences in orebodies 
held to be the result of sedimentary deposition from hot springs. 
Structures similar to hydrothermal chimneys and organic 
remains have been found? in the massive lenticular sulphide 
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Fig. 2 a, Laminated sedimentary sulphides underlying the pyrite 

mound and chimneys. Arrow indicates the orientation of the central 

channel of the chimneys. Note the flowering-up structure of the 

lower galena layer and the imbrication of the upper layer. p, 

Pyrite; g, galena; b, baryte. b, Fracturing and disruption of the 
layered sulphides beneath the pyrite mound. 


deposits associated with the Troodos Ophiolite complex on 
Cyprus. The ‘tiger’s eye’ structures? found in the Kuroko 
deposits have been interpreted'* as being smaller versions of 
the chimneys at 21° N along the East Pacific Rise. Until now 
the best examples of the actual fauna supported by hot springs 
atan ancient oceanic spreading axis were fossils of hydrothermal 
vent worms, found at Bayda”. Fossil hydrothermal chimneys 
were first discovered’ at Silvermines, Ireland, and are much 
smaller than their modern counterparts, having different mor- 
phologies and mineralogies probably owing to the lower flow 
rates and temperatures of the exhaled solutions'*. Fossil hydro- 
thermal worms and chimneys have now been found at Tynagh. 

The Tynagh Pb-Zn-Cu-Ag-BaSO,-ore deposit'® is located 
in the west of the central Irish plain 45 km east south east of 
Galway (Fig. 1). The deposit lies in a small intracontinental 
basin adjacent to a fault which was active during deposition of 
the host rocks. These are micrites and biomicrites of bank facies 
with impure limestones of off-bank basinal and possibly 
lagoonal facies. Water depth at the time of mineralization is 
considered to have been less than 100m. Mineralization is of 
Upper Tournaisian-Lower Visean (Lower Mississippian) age 
(350 Myr), mainly as replacement and fracture fillings in Waul- 
sortian carbonate mudbanks. Primary mineralization consists of 
pyrite, galena and sphalerite with some chalcopyrite and tennan- 
tite often intimately mixed with baryte. An exhalative banded- 
iron formation extends for some 500 m to the north of the main 







a 








Fig. 3 a, Type | structure found in the pyrite mound interpreted 
as a worm-tube mould. b, Type 2 structure found in the pyrite © 
mound interpreted as a small chimney produced by exhaling hydro- 
thermal fluids. The walls are much thicker than those in a. c, Pyrite 

chimney with a fossil worm in situ. Scale bars, | nim. 


mineralization. A residual ore-body’’ of Tertiary age lies above 
the more westerly of the two primary mineralized zones. It is 
postulated that the ore solutions were derived from subsurface 
circulation of modified seawater initiated during Lower Car- 
boniferous rifting and driven by a high geothermal gradient'®. 
Boast et al." suggest that acid hydrothermal solutions, bearing 
metals and some primary H,S, migrated up and along the Tynagh 
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Fig. 4 a, Fossil worm enclosed in a pyrite chimney. External structure of the worm is delineated by a fine coating of pyrite. The internal 

structure of the worm has been completely replaced by baryte. p, Pyrite; b, baryte. b, Fossil worm showing close spaced annuli, 0.1 mm 

‘apart. ¢, Curved example of b. d, Fossil worm with more pronounced annuli, 0.3 mm apart. e, Part of a larger segmented animal (possibly a 

cephalapod) found within massive pyrite. f, Part of a worm burrow or a tube mould found in the same massive pyrite as e. Scale bars are all 
i mm except f which is 10 mm. 


Fault and precipitated sulphide minerals, in response to a 
decrease in temperature and an increase in pH. Additional 
sulphide was contributed by bacterial reduction of seawater 
-suiphate. 
_ At Tynagh, I envisage the pyrite mound and chimneys to have 
formed on a fault scarp when hot buoyant iron-bearing solutions 
ose to the seafloor through small fissures created in response 
o movement on the Tynagh Fault. Such a view is supported by 
the chimneys being at an angle of approximately 50° to the 
sedimentary sulphides as well as by imbrication of the upper 
-galena layer which indicates movement while still semi-lithified ; 
he baryte crystals are also bent in the downslope direction (Fig. 
2a). The underlying layers of galena, sphalerite, baryte and 
minor tennantite, typical of the sparse development of sedimen- 
tary ore at the deposit, are also fractured and disrupted (Fig. 2b). 
Surviving chimney structures at Tynagh, composed entirely 
of pyrite of varying crystal sizes, are up to 15 mm in length, 
7mm in diameter with a central channel of up to 4mm in 
diameter. Generally the orifices are circular in plan but a few 
‘are elliptical; they may be empty, filled with a later generation 
of framboidal pyrite or contain the remains of worm-like fossils. 
Linear ornaments on the inner walls of the tubes are a common 
@ature, Modern hydrothermal chimneys, such as those in the 


Pacific at 21° NÎ, grow up to 5m in height, 30 cm in diameter 
and are composed primarily of cylindrical shells of Zn, Cu and 
Fe sulphides together with anhydrite and smaller quantities of 
silicates”. 

Two types of chimney-like structures have been recognized 
at Tynagh. Type | (Fig. 3a) has a central aperture approximately 
1.5 mm in diameter, walls approximately 0.2 mm thick and no 
definite crystal structure. These structures are interpreted as 
worm burrows or, more likely, worm-tube moulds, bearing a 
strong resemblance to worm-tube moulds recovered from Juan 
de Fuca?', Troodos? and Bayda’. Type 2 (Fig. 3b) structures 
have a central aperture approximately 2mm in diameter and 
walls 2mm thick and a radiating crystal structure. These are 
interpreted as small chimneys produced by the exhaling hydro- 
thermal fluids, comparable to the type 2a chimneys found at 
Silvermines”, whose abiogenic origin’ is confirmed by their 
close-packing, parallelism, absence of cross-cutting structures 
and the lack of fossil-organic remains. 

The remains of numerous vermiform fossils have been dis- 
covered within the hydrothermal chimneys on a pyrite mound 
at Tynagh. Specimens have been found in both of the above- 
mentioned types of chimney-like structures (Fig. 3c). These 
fossils have a thin outer coating of fine pyrite enclosing baryte 
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which has completely replaced the internal structure of the 

organism (Fig. 4a). Maximum dimensions of the recovered 
fossils are 10 mm in length and a diameter of 0.8 mm. The fossils 
are usually straight but occasionally, curved examples have been 
recovered. Two different types of worm have been found: one 
has closely spaced annuli 0.1 mm apart (Fig. 4b, c), whereas the 
other has annuli which are more pronounced and 0.3 mm apart 
(Fig. 4d). These could represent different growth stages of the 
same kind of worm but this is unlikely as the overall dimensions 
of both are similar. Two further species were found in massive 
pyrite which may have formed contemporaneously with the 
pyrite chimneys. The first is the remains of a larger segmented 
animal (Fig. 4e), possibly a cephalopod; the other is either a 
worm burrow or, more likely, part of a worm-tube mould (Fig. 
4f). The tube moulds have diameters up to 7mm with walls 
0.5mm thick. Their means of preservation could have been 
Similar to that of the present-day tube moulds”! found on the 
East Pacific Rise, where exhaled sulphides rain down and cover 
animals on the seafloor. It may be that particular hydrothermal 
vents were colonized by worms, during periods of quiescence, 
and subsequent reactivation of the hot fluid caused their demise. 
Closure of the vents effectively entombed the worms resulting 

in their well-preserved state. 

` Why did the hydrothermal chimneys support metazoan life 
at Tynagh whilst the vents at Silvermines of exactly the same 
age, and only 50 km to the south, are devoid of such fossils? 
Most of the zinc and lead at Silvermines was mined from a 
sedimentary exhalative pyrite horizon. At Tynagh the exhalative 
iron-rich sediment is in oxide facies and there is little sedimen- 
tary sulphide ore; most of the lead and zinc was mined from 
shallow replacements in limestone. To explain these differences 
Russell”? has argued that the sedimentary sulphides at Silver- 
mines were protected from oxidation by being laid down in a 
brine pool, whereas at Tynagh hydrothermal solutions exhaled 
into an oxidizing Carboniferous sea. The most likely origin for 
the dense brine is highly saline seawater’, produced by evapor- 
ation on the margin of a fault-controlled basin?’ which occupied 
the Silvermines area during the Lower Carboniferous. Fluid 
inclusion results” are supportive of the presence of such a brine 
during mineralization. Boyce et al.” have argued that conditions 
at Silvermines were too saline to support life, whereas at Tynagh 
brine pools did not exist so the less saline and more oxidizing 
conditions were favourable to life. Nevertheless, the type 2 
mounds and vents at Silvermines, on the southern periphery of 
the mineralized basin, occupy a high structural position above 
the halocline and I suggest a fauna may yet be discovered 
there. 

The fossils of hydrothermal vent worms from the Bayda 
sulphide deposit’ are less well preserved than the specimens 
from Tynagh. Features such as size, closely-spaced annulations 
on the tube casts, and the presence of worm-tube moulds suggest 
that the two faunal populations were broadly similar. The tube 
moulds from Tynagh, Bayda? and Troodos? are similar to present- 
day tube moulds recovered from hot springs on the East Pacific 
Rise, especially those from Juan de Fuca”'. So far, clams, crabs 
and giant tube worms, evident at modern hot springs, have not 
been found in the ancient deposits. The Tynagh worms them- 
selves are probably best compared with the smaller polychaete 
worms which form dense encrustations around the hot springs 
along the East Pacific Rise. At present it is impossible to tell if 
the Tynagh worms form part of an ancestral line to modern 
worms, or if repeated readaptation to the hot-spring environment 
has taken place. Certainly it would not be difficult to find a 
comparable modern species purely on the basis of external form, 
the polychaetes alone have over 5,300 different species. What 
is significant, however, is that similar fauna have been found in 
hydrothermal environments of various ages and we may there- 
fore expect to find fauna at even older vent sites. 
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The common finding that juvenile male mammals show high 
mortality than females’? is usually attributed either to he 
expression of deleterious recessive alleles on the X chromosome’ 
or to adaptive manipulation of the postnatal sex ratio by mothe 
who are unable to rear successful sons**. As a general explanation 
of differential juvenile mortality, the first of these two theories is 
unsatisfactory because increased male mortality is known to occur 
in several bird species where females are the heterogametic sex® 
The second hypothesis was first proposed by Trivers and Willard“ 
and suggests that differential mortality should occur early in the 
period of parental investment”. We now show that, although several 
predictions of the latter explanation are fulfilled, the distribution 
of differential mortality in red deer and other mammals suggest: 
that higher mortality rates among male juveniles are a consequence 
of a greater susceptibility of males to food shortage associated 
with their faster growth rates and increased nutritional require- 
ments. : 
Patterns of mortality in red deer (Cervus elaphus) on the 
island of Rhum’ appear to support Trivers and Willard’s sugges- 
tion that sex differences in juvenile mortality occur because 
inferior mothers prematurely terminate investment in their. sons. 
As we have shown previously'’, the sons of subordinate hinds 
rarely breed successfully, while their daughters are almost as 
successful as those of dominant mothers. According to Trivers 
and Willard’s hypothesis, subordinate mothers might be expec- 
ted to reject their sons, and sex differences in juvenile mortality 
should be confined to their offspring. As predicted, we found 
that the sons of subordinate mothers are more likely to die than 
are their daughters, but that there is no sex difference in mortality 
among the offspring of dominant hinds (Table 1). cee 
The theory also suggests that mortality among juvenile males 
relative to that among juvenile females should rise as resource 
availability declines. Since 1971, the number of hinds =1 year 
old using our study area has increased from 57 to 166, feeding 
competition has increased, and most measures of reproductive ` 
performance have declined’. As expected from the theory, the 
mortality rate among juvenile males has risen relative to that 















Juvenile mortality 


as 
lo 





Gi 90 110 130 150 170 


Hind population size 


. 1. Mortality during the first 2yr of life among males (@) 
and females. (©) born between 1971 and 1982 in the red deer 
. population of the North Block of Rhum (regression equations: 
males, y =0.622x — 45.45, r= 0.913; F; o = 43.8, P< 0.001; females, 
y =0.328x = 18.487, r =0.788; F, o= 12.69, P<0.01. Difference in 
slopes, F, 12 = 4.96, P<0.05). 


















































nong juvenile females (Fig. 1). Similar results have been 


Finally, as maternal investment and early growth are likely 
o have the greatest influence on male breeding success in 
polygynous species showing pronounced sexual dimorphism in 
body size*’, sex differences in juvenile mortality should be most 
requently found in these species. Although reliable evidence 
f differential juvenile mortality in mammals is rare, partl 
ecause of sex differences in juvenile visibility" and dispersal'?, 
the available evidence suggests that it is usually slight or absent 
monomorphic species and is most pronounced in polygynous 
ecies where males are substantially larger than females. Figure 
ows, for nine ungulate species, the difference between 
timates of the sex ratios (% males) at or soon after birth and 
wards the end of the first year of life. A similar relationship 
ween differential juvenile mortality and adult sexual 
morphism may exist among birds during the interval between 
ching and fledging (Fig. 2b). These figures must be inter- 
preted cautiously since samples were small and, in some cases, 
estimates of the sex ratio at different stages were drawn from 
lifferent studies. In addition, there may be some exceptions: in 
great tits, one study found that the sex ratio of nestlings was 
male biased by 15 days post hatching”. 
Although these results seem to support Trivers and Willard’s 
adaptive explanation of differential mortality, all three trends 
may be explained in another way. In sexually dimorphic birds 
and mammals, males grow faster and for longer than females 
and require more food'*'*. For example, nestling male red- 
winged blackbirds eat 20-30% more than females of the same 
weight’®; among feral goats, male kids suck more than twice as 
requently as females'’; and in domestic sheep, young rams 
require: 15% more digestable nutrients than ewes of equal weight 
and 8. Sex differences in growth and metabolism are associ- 
d with differences in growth priorities: among birds, the 
er sex commonly fledges more rapidly’? and juvenile male 
nmals lay down less body fat than females’. Across species, 
x differences in growth are closely related to the degree of 
adult sexual dimorphism in body size, and differences in meta- 
_ bolic requirements and body fat probably follow the same trend. 
_ For example, the ratio of male to female fatness among juveniles 
of different deer species is negatively correlated with the ratio 
of adult male to female body weight (Table 2: r,= —0.717, n =9, 
P<0.05). In the only species in which females are larger than 
males (Chinese water deer; S.D.A. , unpublished data), the direc- 
nof the sex difference in fatness i is reversed. And in a wide 
variety of dimorphic mammals there is evidence that food short- 
age affects the growth rates of males more than females’. 
_ Thus, a reduction in the viability of males when food is short, 
resulting from their greater nutritional requirements, could 
account for (1) the relationships between differential mortality 
and sexual dimorphism (Fig. 2), (2) the tendency for sex differ- 
ces in mortality to increase as population density increases 
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Fig. 2 a, Differences in the sex ratio (% males) between birth 
and the end of the first year of life in free-ranging populations of 
ungulates, showing different degrees of adult weight eM 
(% male weight/ female weight). 1, Zebra"; 2, roe deer’'; 3 

sable”; 4, feral horse (P. Duncan, personal communication); 5, 
black-tailed deer®’; 6, red deer’; 7, wapiti? 2; 8, Soay sheep**; 9, 
reindeer’**>. b, Differences in the sex ratio (% males) between 
hatching and fledging in bird species showing different degrees of 
adult weight dimorphism (£ male weight/X female weight). 1, 
Eastern bluebird” ; 2, starling”; 3, snowgoose***’; 4, European 
sparrowhawk”’; 5, ‘red- cockaded woodpecker (P. A. Gowaty and 
M. R. Lennartz, in preparation); 6, red-winged blackbird'®*®; 
7, yellow-headed blackbird'?*!; 8, rook"; 9, common grackle’; 

10, capercaillie”. 


and food availability declines (Fig. 1) and (3) the restriction of 
differential mortality to the offspring of inferior mothers (Table 
1). The evolutionary explanation of differential mortality may 
be that sexual selection favouring large adult size in males has 
increased male growth rates to a point at which costs to juvenile 
survival during periods of food shortage balance the benefits of 
large size in adulthood. 

The predictions of this theory differ from those of Trivers and 
Willard’s hypothesis in at least three ways. Sex differences in 
mortality should not be confined to the early stages of parental 
investment and would be expected throughout the period of 
differential growth; they should not necessarily be associated 
with a reduction in parental investment in juveniles of one sex; 
and they should persist when juveniles are reared on inadequate 
diets in the absence of their parents. 

The available evidence is consistent with an explanation of 
differential mortality based on sex differences in growth and 
does not support Trivers and Willard’s explanation. Among’. 
many ungulates, differential mortality is most pronounced dur- 
ing the first and second winters, after juveniles have been weaned 



















Table 1 Percentage mortality of male and female red deer calves (0-12 
months) and yearlings (12-24 months) in relation to the dominance 
rank of their mothers 





Mother’s Calves Yearlings 
rank Males Females P Males Females P 


Dominant 36 (185) 36 (125) NS 8(115) 11(80) NS 

Subordinate 51 (102) 30(109) <0.001 30(50) 12(76) <0.05 
neem teen renee neon 
.. Sample sizes.are given in parentheses. Dominant hinds were those 
above median rank, subordinates those below it!°. NS, Not significant. 





nea ere 
Table 2 Sex differences in % adult body weight (kg) and in juvenile 
fatness (kidney fat index) in winter in different deer species 









Ratio of 
kidney fat 

indices 

Adult body weight (kg) for male 
Ratio and female 

(male/ juveniles 
naa Male Female female) (male/female) 

Chinese water deer 













Hydropotes inermis 11.3 13.3 0.85 2.64 
Reeve's muntjac 
Muntiacus reevesi 13.5 11.8 1.16 0.98 
Roe deer 
Capreolus capreolus 26 24 1.09 0.79 
Fallow deer 
Dama dama 64 46 1.39 0.87 
Mule deer 
Odocoileus hemionus 90 64 1.4] 0.67 
White-tailed deer 
O. virginianus 96 62 1:55 0.45 
Red deer 
ervus elaphus 122 81 1.52 0,72 
piti o 
. Cervus canadensis 340 260 1.31 0.55 
Reindeer 
Rangifer tarandus 140 93 1.56 0.73 


Data extracted from the literature (N. Chapman, unpublished). The 
kidney fat index is the weight of kidneys and petinephric fat divided 
by kidney weight and is a reliable measure of ‘condition’. 


(see refs in Fig. 2a): for example, in the red deer of Rhum, the 

% ratio of male to female mortality between birth and 6 months 

: (when most offspring are weaned) is 1.09, compared with 1.33 

-during the second 6 months of life and 1.58 during the second 

- year of life (see Table 1). Although some studies have suggested 

that sex differences in mortality are caused by maternal rejection 

_. of feeding attempts by one sex®’, no firm evidence for this has 

yet been published. And experiments involving the maintenance 

of juvenile rats and pigs on inadequate diets show that higher 

«rates of mortality among males occur in the absence of their 
`, parents”. 

There are, however, several anomalies which suggest that 
other factors are involved besides the faster growth rates of 
males and their greater nutritional requirements. These include 
a small but consistent tendency for males to show higher hatch- 
ing or neonatal mortality in some species showing little size 
dimorphism (including thoroughbred horses and man’?'): the 
absence of evidence that the direction of differential mortality 

“is reversed in species where females are larger than males 

(although adequate data are so far available only for the 

European sparrowhawk”); and the tendency for male fetuses 

to be less viable than females during the early stages of ges- 
tation! ?3-?5, 

>- The existence of increased mortality among male juveniles 

relative to females indicates that the common assumption that 

juvenile sex ratios approximate to parity may often be incorrect 

nd may help to explain why adult sex ratios are often biased 
















- in an area of visual cortex, the V4 complex in the rhesus ‘monkey. 





duced little if any impairment of wavelength discrimination, bat : 
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One of the remarkable features of vision is that the perceiy 
colour of reflecting surfaces which form part of complex, multi 
coloured scenes, remains stable. despite large variations in th 
spectral composition of the illuminating light’*. The phenomenon 
of colour constancy has long been known but only recently hay: 
electrophysiological studies revealed a possible mechanism for it 


Lesions in the V4 complex of experimental animals®’ have 
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ur constancy has not been tested. In the present study we used 
broader range of behavioural tasks, including one of colour 
ancy, to test the prediction that ablation of the V4 complex 
to selective deficits in colour perception. The results support 
notion that the V4 complex is necessary for colour constancy 
ut not for the discrimination of hue. 
Cells have been found in the V4 complex which respond to 
e natural colour of a stimulus irrespective of its local 
elength composition. When a stimulus is illuminated by light 
rising the trichromatic components red, green and blue, 
continue to respond as the ratio of the components of the 
nt illumination is varied over a wide range. The range 
sponds to that over which a normal human observer con- 
es to perceive the natural colour“, that is, within the range 
lour constancy. Other areas of the visual cortex do not 
w such properties: the V4 complex is flanked by areas V3A 
V5 whose cells are not sensitive to chromatic stimuli™®. 
4 complex receives its main input from V2 and a smaller 
ntribution from foveal Vi, which so far have been found to 
only wavelength (not colour) specificity'®'’. 
The rhesus visual system resembles that of man, having similar 
richromatic colour vision, visual acuity and analogous pathways 
eading to the primary (V1) visual cortex'®. Defects in colour 
rception following posterior cerebral lesions in man may take 
form of achromatopsia, in which the patient has difficulty 
stinguishing between similar colours'’”'’, or colour agnosia, 
en the patient is unable to associate objects with their normal 
jours’’'. To examine the possibility that damage to the V4 
mplex might be responsible for analogous disorders in mon- 
eys, tests of fine wavelength discrimination, conditional reac- 
(object-colour association) and short-term memory for 
jur were performed. 
sreliminary series of tests involved training four immature 
us monkeys on a series of discrimination learning tasks in 
fied Wisconsin test apparatus. The stimuli were presented 
angular plates covering food wells and the well beneath 








Fig. 1 a, Intended extent of V4 
ablations in the two macaque mon- 
keys used. LS, lunate sulcus; IOS, 
inferior occipital sulcus; STS, 
superior temporal sulcus; PMTS, 
posterior middle temporal sulcus. b, 
Performance of animals with lesions 
(@) and controls (O) on the con- 
stancy task. Scores are the percentage 
of correct responses when the 
animals were required to find the 
checkerboard plate with a green 
patch, for 15 different ratios of 
green/red (G/R) illumination. The 
horizontal dashed line indicates the 
level at which performance departs 
from chance with a confidence limit 
of P<0.01. * Indicates a significant 
difference (P< 0.01). c Mean scores 
on the wavelength discrimination 
task, showing the percentage of cor- 
rect responses when the animals were 
Q required to choose the greener of two 
plates of very similar hue. Straight 
lines through the points for each 
group were fitted by probit analysis. 
Confidence level as for b. 
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the ‘correct’ stimulus was baited with a peanut on each trial. 
The animals were trained on the following tasks until they 
reached a criterion of 27 correct trials out of 30 consecutive 
trials: (1) brightness discrimination; (2) two-dimensional and 
three-dimensional shape discrimination; (3) discrimination of 
coloured plaques, and of plaques bearing coloured ‘Mondrian’ 
patterns, with brightness and saturation varied randomly to 
ensure that hue provided the salient cue; (4) a series of condi- 
tional reactions in which a choice between two shapes was cued 
by a third stimulus: brightness, hue or pattern; (5) delayed 
non-matching to sample to test short-term memory” for hue 
and pattern. 

Two animals were then subjected to bilateral ablations of the 
V4 complex by subpial aspiration. Figure la shows the intended 
extent of the removal. Histological verification awaits comple- 
tion of further training. After allowing 3 weeks for recovery, the 
operated animals and the unoperated controls were tested for. . 
immediate retention of each task in three sessions of 30 trials 
each. They were then re-trained on each task in turn. ; 

All animals relearned the tasks, in most cases in fewer trials — 
than they required for preoperative learning. One of the operated 
animals needed more trials than the controls to relearn each- 
task: the other animal in this group could not be distinguished 
from the controls. Neither of the operated animals was selec- 
tively impaired on tasks involving coloured cues. 

The animals were therefore trained postoperatively on two 
further tests for colour constancy and then fine wavelength 
discrimination. Eight plates were prepared bearing a checker- 
board pattern of coloured patches varying randomly in bright- 
ness and saturation. Three plates carried one green and 1] orange: 
checks, and five contained 12 orange checks. Two plates were _ 
presented on each trial and the animals were trained to choose a 
the one which included a green check. The animals were first 
trained with the plates illuminated by tungsten light, then yellow 
light was used, comprising a 1:1 mixture of red and gr 
narrow-band monochromatic. lights produced by filter: 
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sten sources with 630-nm and 515-nm interference filters. The 
green patch was easily detectable in the yellow illumination, 
but when either source was used on its own, both plates appeared 
to a human observer as a set of monochromatic patches of 


varying degrees of lightness; however, on addition of a very’ 


small proportion of the second colour to the illumination, the 
green patch became readily discernible. This was evidently 
dependent on colour constancy as both green and orange checks, 
viewed in isolation through a reduction screen, assumed the hue 
of the predominant light source?, 

Having mastered the task in the yellow light, the animals were 
tested in 50 trials at each of 15 different red/green illumination 
ratios, presented in random order, Figure 1b shows the perform- 
ance of each group of animals under the 15 conditions of 
illumination. Analysis of variance reveals that the performance 
of the two groups was not significantly different in monochro- 
matic light (red or green), where all animals scored at chance 
levels, nor when the incident illumination contained approxi- 
mately equal proportions of red and green, that is, in yellow 
light. However, at almost all other levels where performance 
was greater than chance, the two groups differed significantly 
(P<0.01). The performance of the animals with V4 lesions 
deteriorated much more rapidly than that of controls as the 
proportion of red and green illumination became unequal, on 
changing the incident illumination from yellow through to red 
or green. In other words, the ‘intact’ animals were able to 
distinguish the green (G) patch even when the incident illumina- 
tion had changed from yellow to either red (R) (G/R ratio 
=1:100) or green (G/R ratio=100:1) and this ability was 
impaired in the operated animals. The behaviour of these 
animals is therefore consistent with Zeki’s inference that the 
cells of area V4 have a special role in the stability of perceived 
colour®*:''. The deficit shown by the operated animals cannot be 
accounted for in terms of a decrease in visual acuity as the 
spatial frequency of the patterns used in the conditional reaction 
(on which the operated animals were not selectively impaired) 
was higher than that of the checkerboard used in the constancy 
task. 

The results leave open the possibility that the impairment 
produced by ablation of the V4 complex is not specific to colour 
constancy and that a deficit appeared because of a difficulty in 
discriminating small differences in wavelength”; to control for 
this and for the possibility that the groups were inadequately 
matched on the basis of preoperative tests, the animals were 
trained on a task which involved difficult judgements of chro- 
matic difference but under tungsten illumination. Four plates 
were prepared in single shades of dark yellow, differing in 
Munsell hue”? by small increments (equivalent Munsell values: 
(1) 7.5YR, 2/3, (2) 10YR, 2.5/2, (3) 2.5Y, 2.8/2, (4) SY, 2.5/2: 
dominant wavelength 580+7 nm). Two plates were presented 
on-each trial and the animals were trained to choose the ‘greener’ 
one. Figure 1c shows that performance ranged from close to 
chance to more than 90% correct for all animals over the range 
of wavelength differences. Analysis of variance reveals no sig- 
nificant difference between the groups overall or at any level of 
task difficulty, suggesting that the impairment of the operated 
group on the constancy task was due not to difficulty in dis- 
criminating small differences in wavelength but to a failure to 
judge the colour of an area under incident illumination of 
different spectral compositions. 

As V4 removal does not impair the discrimination of simple 
patterns and objects, nor the use of such cues in conditional 
reaction and short-term memory, it appears that the underlying 
perceptual processes do not depend on serial analysis staging 
through this region. If we have been successful in removing a 
single functional area, the pérformance of these tasks is indepen- 
dent of colour constancy. In such a case, information concern- 
ing wavelength composition is extracted before the processes 
of colour constancy and the detection of chromatic contours 
can operate. Moreover, the mechanism of colour constancy 
appears to operate in parallel with that of chromatic form 
detection. 
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In adult rats, cortical neurones that send axons through: t 
pyramidal tract are confined to layer V, over the rostral two-thir 
of the cerebral hemisphere'~*. However, during the first postnat: 
week, many neurones in layer V in the occipital cortex (includin: 
the visual cortex) also extend axon collaterals through th 
pyramidal tract and into the spinal cord***. These occipita 
corticospinal collaterals are completely eliminated over the sal 
sequent 2 weeks“, although their cells of origin do not die”. W. 
now report that when portions of the occipital cortex from fet 
rats are transplanted to more rostral cortical regions of newborn 
rats, some of the transplanted neurones not only extend ax 
through the pyramidal tract, but also maintain these axons beyont 
the stage at which they are normally eliminated. These results 
suggest that normally-eliminated cortical axons can be ‘rescued’ 
and, in the case of pyramidal tract neurones, the position of the 
neurones within the tangential plane of the cortex is a critica 
factor in determining which neurones retain and which lose thei 
pyramidal tract collaterals. ues 
Pieces of fetal rat rostral or occipital cortex labelled “wit 
3H-thymidine CH-TdR) were transplanted to the rostral cortex. 
of newborn rat pups. Twenty-five days later, the retrogradel: 
transported fluorescent dye Fast blue, was injected into th 
pyramidal decussation of these animals (see Fig. 1 legend for 
experimental details). Their brains were examined by fluorescent. 
microscopy 5 days later. a ue 
The transplants could not always be recognized confidently 
by fluorescent microscopy of the unstained sections; however, : 
the presence of *H-TAR in the donor cells allowed us to identify. 
and delineate accurately the boundaries of the transplants. in. 
the autoradiographs under dark-field optics (Fig. 1b). Although 
the transplants were incorporated within the host cortex to form 
















Fig. 1. Photomicrographs of a sagittal section of the rostral cortex 
` froma host brain that had received an occipital cortical transplant. 
a, The extent of the transplant in this thionine-counterstained 
“section is indicated by black arrows. Note that below and to the 
right of the large blood vessel in the upper part of the transplant 
there is a neurone-poor region that resembles the cell-poor 
< molecular layer of the host cortex, while just below the same blood 
vessel there is a neurone-poor strip of tissue that is continuous 
ventrally with and has an appearance similar to the deep white 
matter of the cortex. Scale bar, 0.5 mm. b, Dark-field photomicro- 
graph of the same section shown in a, illustrating how the *H-TdR 
labelling of transplant neurones allows the positive identification 
of the transplant (indicated by white arrows). In this low-power 
photomicrograph, the clusters of silver grains over the 3H-TdR- 
labelled cells appear as white dots. The asterisk marks the large 



















blood vessel seen in a. Scale bar, 0.5 mm. ¢, Photomicrograph taken under fluorescent illumination showing part of the same section illustrated 
in a and b. The asterisk is within the same blood vessel referred to in a and b. Individual and clusters of Fast blue-labelled neurones in the 
host rostral cortex can be seen in the lower left, while in the centre there are some Fast-blue labelled neurones within the occipital cortical 
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autoradiography**. These pieces of cortex were trimmed further an 
is, the frontal region or the anterior 
marked for later identification and returne 


junction. The animals were re-anaest 
“removed, postfixed in 10% sucrose/ 10% 
mounted onto gelatin-coated slides, air dried an 


sections were subsequently counterstained with thionine. 


„a more or less continuous tissue, there seemed to be little mixing 
of host and transplant neurones and the transplant remained a 
ohesive entity. Occipital cortical transplants and rostral cortical 
‘transplants survived equally well in the rostral cortical locale 
and the two types of transplant were indistinguishable in appear- 
ce. Both types of transplant displayed varying degrees of 
cytoarchitectonic organization. Thionine-stained sections 
showed clearly that the transplants contained large numbers of 
healthy neurones, and there were often neurone-poor regions 
which resembled the normal molecular layer or appeared to be 
routes taken by fascicles of axons (Fig. la). 

The injection of Fast blue into the pyramidal decussation 
resulted in the retrograde labelling of a large number of layer 
V neurones in the rostral cortex of the host and, as reported by 
others’, in a variable number of Fast blue-labelled neurones 
within the rostral cortical transplants. Most importantly, a vari- 
-able but significant number of Fast blue-labelled neurones were 
recognizable within the occipital cortical transplants (Fig. Ic). 
At high magnification, the dye-labelled cells in the transplants 
could be recognized as pyramidal cells, as the proximal parts 
of their principal dendrites were labelled (Fig. 1d). In the 


transplant. Scale bar, 0.5 mm. d, A higher magnification photomicrograp 


h of the Fast blue-labelled transplant neurones shown in c Scale bar, 


Methods: Brains were removed from embryonic day 17 Sprague-Dawley rat fetuses taken from pregnant females which, 2 days earlier, had 
received a single intraperitoneal injection of [Me-*H}thymidine(?H-TdR, 10 pCi per g body weight, specific activity 6.7 Ci mmol”, NEN). 
Small pieces (about | mm xi mm) of cortex from either the rostral region of cortex (nm = 6) or the occipital region (n = 10) were dissected out 


“in ice-cold Ham F10 (Gibco) medium before the remainder of the donor brain was fixed in Carnoy’s solution for paraffin sectioning and 
d then placed in a small hole that had been made in the rostral cortex (that 


parietal region) of the host pups, which had been born within the previous 24h. The host pups were 
d to their mothers. On postnatal day 25, the host rats were anaesthetized with chloral hydrate and 
0.3 pl of a 2% suspension of the retrogradely transported dye Fast blue was injected into the pyramidal decussation at the spino-medullary 
hetized after a 5-day survival and perfused with a 10% buffered formalin solution. The brains were 
buffered formalin and sagittally sectioned on a freezing microtome. Sections (30 um thick) were 
d examined and photographed under fluorescent illumination. The slides were then dipped 
in NTB-2 emulsion for autoradiography’. After a 4-week exposure, the slides were developed and mounted on coverslips using a non-fluorescent 
buffered glycerol mountant. The sections were re-examined and photographed with bright, 


dark-field and fluorescent microscopy, and some 


autoradiographs, a small proportion of the dye-labelled 
neurones within the transplants was overlain with clusters of 
silver grains, indicating that these neurones were also labelled 
with °H-TdR (Fig. 2). The Fast blue labelling of these 7H-TdR- 
labelled cells was always weak, undoubtedly because the low 
penetrance of the #-particles emitted by tritium allows the 
identification only of those *H-TdR-containing cells whose 
nuclei are within the upper few micrometres of the section®, and 
most of these neurones retain relatively little of their Fast blue- 
containing cytoplasm within the section. However, the occur- 
rence of such doubly labelled neurones is important because it 
rules out the possibility that the dye-labelled neurones had 
migrated into the transplants from the host tissue. Note that no 
dye-labelled neurones were seen in the occipital cortex of the 
host brains. 

We have shown previously that fluorescent dye injections into 
the pyramidal decussation of rats during the first postnatal week 
label layer V cells throughout the neocortex, including the 
occipital cortex, but that similar injections made at 20 days of 
age fail to label any neurones in the occipital cortex’, It was 
shown subsequently that the magnitude of this transient occipital 
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Fig. 2 a, Fluorescent photomicrograph of an autoradiograph of 
some of the same Fast blue-labelled neurones in the occipital 
cortical transplant shown in Fig. id. The dye-labelled cell in the 
centre of the field, which is near the top of the section, has been 
brought into focus. This neurone is also “H-TdR labelled, as 
indicated by the cluster of silver grains in the emulsion layer above 
the cell. b, c, Bright-field and dark-field photomicrographs, respec- 
tively, of the same field shown in a to illustrate the 7H-TdR labelling 
more clearly. The arrow indicates the same doubly labelled neurone 
in each photomicrograph. Scale bar, 0.1 mm. 


cortical component of the pyramidal tract is greatest at about 
the end of the first postnatal week, after which it steadily 
declines**. Thus, the finding that Fast blue injections into the 
pyramidal decussation on postnatal day 25 result in labelling 
of neurones within occipital cortical transplants in the rostral 
cortex indicates that these neurones (which were placed in the 
host cortex at a stage when some host pyramidal tract neurones 
had jalready extended axons as far as the pyramidal decussa- 
tion”) have not only sent axons through the pyramidal tract, but 
also have maintained these axons beyond the stage at which 
such collaterals are normally eliminated. While we cannot be 
certain that the dye-labelled cells within our occipital cortical 
transplants are the same neurones which, if left in situ, would 
x: have given rise to transient pyramidal tract collaterals (it is 





difficult to imagine how this could be demonstrated since at the 
stage of transplant removal pyramidal tract axons have not yi 
entered the cerebral peduncles’), this is the most straightforward 
interpretation of our observations, and is supported by the fa 
that some of these neurones are also 7H-TAR labelled, as it is 
known that many layer V neurones in the occipital cortex are 
radioactively labelled in adult rats that have been exposed to a 
pulse of °H-TdR on embryonic day 15 (ref. 10). 

Our findings are consistent with observations on developin 
callosal connections’ U which indicate that otherwise transie 
axon collaterals can be stabilized and become permanent follow- 
ing certain experimental manipulations. Our results also demo: 
strate that this process can be influenced by the position of the 
neurone within the tangential plane of the cortex. Although we 
have found that fetal occipital cortical neurones placed in the 
rostral cortex exhibit one of the projections characteristic of th 
rostral cortex, we have not yet determined whether other conec. 
tions characteristic of this region (for example, connections with 
the appropriate thalamic nuclei) are also established by the 
transplanted neurones. T 

Little is known about the factors that contribute to th 
development of the many striking differences among the various 
areas of the adult cortex. Our previous finding that during early 
postnatal development, pyramidal tract neurones, although con 
fined to layer V, are spread virtually throughout the tangentia 
plane of the neocortex suggested that, early in its postnata 
development, the neocortex may be more homogeneous than 
previously recognized’. Our present results support this notion: 
and, taken together, our observations suggest: (1) that, at least 
from the point of view of the connections they establish, different 
regions of the developing cerebral cortex are not readily distin- 
guishable and in fact may be interchangeable, and (2) that the 
factors determining at least some of the regional differences in 
the cerebral cortex are not intrinsic to the various neuronal 
populations, but are imposed on them by certain extrinsic fac 
tors, and that these, in turn, are a function of the topographi 
location of the cortical region. oR 

Finally, our results do not imply that there are no intrinsic 
differences among cortical neurones. Laminar differences in th 
efferent connections of cortical neurones seem to emerge quite 
early’, and these connectional differences seem to be maintained. 
by the neurones even when their laminar position is grossly’ 
altered’*™, B 
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The use of X-ray-induced mitotic recombination to genetically 
mark individual cells and their descendants during development 
has led to the discovery of lineage restriction boundaries in 
Jrosophila imaginal disks, dividing the disks into areas called 
compartments‘, Clones of cells initiated after a given develop- 
mental stage are unable to grow across these boundaries, even if 
provided with a growth rate advantage over the remaining cells. 
It has been suggested that cells within compartments are distin- 
guished by the differential activation of selector genes” and that 
the lineage restrictions are maintained by adhesivity differences 
between the cells in different compartments’, but other mechanisms 
have not been ruled out, Recently a discrete population of cells 
with unusual permeability properties has been described along an 
intersegmental lineage restriction boundary in Oncopeltus*, sug- 
gesting that a lineage restriction could be maintained by a zone 
of cells which present a barrier to clone growth. Here we demon- 
strate by autoradiography the presence of a narrow zone of non- 
roliferating cells (ZNC) coincident with the presumptive wing 
margin in the Drosophila wing disk, and suggest that this could 
‘account for the observed lineage restriction between presumptive 
dorsal and ventral surfaces of the wing. As the anterior/posterior 
‘compartment boundary does not coincide with a ZNC, the results 
jndicate that different lineage boundaries may be maintained by 
different mechanisms. 
We analysed autoradiographs of serially sectioned imaginal 
‘wing disks that were labelled in vitro with tritiated thymidine 
after explantation from larvae at different stages. Late third- 
instar wing disks incorporated label in the columnar epithelium, 
peripodial membrane and adepithelial cells, but they invariably 
showed a narrow zone of cells across the central portion of the 
wing pouch centred on the basal groove’ in which the labelling 
‘index (labelled nuclei/total nuclei) was greatly reduced (Figs 
1, 2). This region of reduced labelling, which we interpret as a 
zone of non-proliferating cells (ZNC), was also seen in disks 
labelled in situ and in disks cut in half longitudinally before 
“incubation to ensure access of label into the recesses of the wing 
‘pouch. It is therefore not an artefact of labelling in vitro or 
non-uniform access to tritiated thymidine. 
<n the late third instar (120 h after egg laying; AEL), the ZNC 
‘js approximately 30m or 6-10 cells wide. High-resolution 
‘analysis of selected disks shows that there is no labelling in the 
central 10m of the zone, with gradients of labelling index 
approximately 10 m wide on either side. Serial section recon- 
- $tructions demonstrate that the ZNC coincides with the position 
‘of the presumptive wing margin and the position of the 
dorsal/ventral lineage restriction boundary across the wing 
ouch (Fig. 3). A depressed labelling index, quantitatively less 
pronounced than that seen in the late third instar, was also 
_. detected in the presumptive wing margin region of wing disks 
“from larvae 96 and 108h AEL, corresponding to middle and 
mid-late third instar, respectively (Fig. 2). 
No other region of the imaginal wing disk has growth proper- 
ties like that of the presumptive wing margin, although we have 
“found other evidence of non-uniform growth. The base of each 
‘old of the late third-instar wing disk shows a consistently low 
labelling index relative to nearby regions of the epithelium. This 
trend generally also holds for mid-third-instar (96 h AEL) wing 
- disks, although the resolution of the analysis for this stage is 
yw because of the small size of the disks. Late third-instar 
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Fig. 1 Autoradiograph (a) and phase-contrast micrograph (b) of 
a late third-instar wild-type wing pouch after being labelled in vitro 
with tritiated thymidine and sectioned perpendicular to the 
dorsal/ventral lineage restriction boundary. The ZNC is clearly 
visible (a) and includes the cells on either side of the basal groove 
(b, arrow). 

Methods: Imaginal disks were dissected in Drosophila Ringer's 
solution” and transferred individually to 50 yl of Ringer's solution 
containing 0.1 pCipl”' of *H-thymidine ([Me-?H]thymidine, 
specific activity 77-83 Ci mmol!~', NEN). Disks were incubated in 
a covered chamber at room temperature (23-26 °C) for 30 min, 
rinsed in 0.5 mi Ringer's solution and then transferred to 50 yl of 
Ringer’s containing 0.25 M sucrose for 15 min. (The second wash- 
ing results in the nuclei appearing more distinct, facilitating iden- 
tification of labelled and unlabelled nuclei.) The disks were then 
fixed in 0.5 ml of Kahle’s® fixative containing Fast green (Fisher, 
C1 42053) for ~45 min. The tissue was either stored in 70% ethanol 
at 4°C before processing or processed immediately and serially 
sectioned longitudinally at 5 pm. De-waxed and hydrated sections 
were hydrolysed for 10 min in 6 N HCI at room temperature, rinsed 
in water and stained in Schiff’s reagent for 75 min at room tem- 
perature in the dark. (Schiffs reagent”> was prepared with twice 
the recommended concentration of Na,S,Q;.) The stained slides 
were washed twice in 2.4x 107? M Na,S,O, in 4.5107? N HCI 
for 2 min followed by a 30-min wash in water. Autoradiographs 
were prepared by dipping the dried stained slides in a 1:1 mixture 
of distilled water and Kodak NTB-2 nuclear track emulsion at 
40 °C, drying them vertically for 1 h and placing them in a light-tight 
box containing desiccant for 12h at ~70°C. The slides were 
removed from the freezer 30 min before developing and developed 
in a Kodak D19 developer for 3 min at 20 °C, fixed in Kodak Rapid 
Fix for 1.5 min, washed in water for 30 min, and coverslips were 

put in place. 


imaginal wing disks sectioned transversely did not have an 
obvious zone with a reduced labelling index along the 
anterior/posterior compartment boundary, and a quantitative 
analysis of the autoradiographs used in our dorsal/ ventral analy- 
sis confirms this conclusion (Fig. 2). All other imaginal disks 
analysed had a non-uniform distribution of labelled cells, but 
a ZNC was not detected in the capitellum pouch of the haltere 
disk. This is consistent with the finding that fast-growing clones 
in the haltere disk do not seem to recognize a dorsal/ventral 


boundary’; the fact that clones which are transformed into wing... 
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Fig.2 a~e, Profile of average labelling index in the longitudinal dimension (perpendicular 
to the dorsal/ventral lineage restriction boundary, see Fig. 3) in the wing disk. a, 96h 
AEL; b, 108 h AEL; c, 120 h AEL, mean+standard error (bars). The transverse folds, the 
wing pouch and the basal groove along the centre of the wing pouch extend transversely 
across most of the width of the wing disk, so longitudinal sections of the central 100-125 pm 
of the late third-instar wing disk appear uniform in shape. Taking advantage of the similarity 
of sections and the morphological features mentioned above, the data were averaged across 
sections. Camera lucida. drawings of each section were made in which each nucleus was 
scored as either labelled or unlabelled. Using the basal groove as a reference point, 10-~m 
sectors. were drawn. on.each section and the number of labelled and unlabelled nuclei 
recorded. Data from corresponding sectors from successive sections were combined and 
the mean labelling index computed (mean no. of labelled nuclei in sector/mean no. of 
= nuclei in sector). In cases where the basal groove was not visible, the centre of the wing 
~~) pouch was used as a reference point. Approximately 200 sections (10 disks) were included 
«in our analysis of 96-h wing disks, 100 sections (5 disks) from 108-h wing disks and 230 
sections (10 disks) from 120-h wing disks. d, Profile of average labelling index in the 
transverse direction (perpendicular to the anterior/ posterior lineage restriction boundary, 
see Fig. 3) 120h AEL, mean+ts.e. Average labelling index data were generated as in a-c, 
but in this case the mean labelling index for the wing pouch region of each longitudinal 
section was calculated by combining the data from all sectors in the wing pouch except 
the central three (corresponding to the ZNC). Taking the middle of the wing pouch as an 
approximation of the border between the presumptive anterior and posterior cells, the 
labelling index profile for an average transverse section of a 120-h wing pouch was 
calculated. e, Proportion of y~;mwh clones that contain two or more cells (clones of two 
cells or more/total clones) as a function of distance from the posterior wing margin. Clones 
were induced by y-irradiation 0-8 h before pupariation. Ninety-five % confidence limits 
are shown. Fifty-four wings were analysed. Uncrowded third instar Df(\)se8,w*; Dp 
_ (133)sc’*/ mwh larvae" cultured at 25 °C were irradiated with 1,000 rad of y rays at 1,000 rad 
< per min using an Isomedix M38-2 '°’Cs source. In this genotype the y* locus is translocated 
“to the left arm of chromosome 3, which is also the location of mwh*. The Df(1)sc® 
X chromosome is deficient for the y* locus. Mitotic recombination in the left arm of 
chromosome 3 results in the elimination of y* and mwh* from one daughter cell, giving 
clones marked with y~ and mwh (ref. 19). Pupae were collected at 8-h intervals after 
irradiation and wings from the resulting male flies were mounted between cover slips. Only 
the posterior wing margin region was scored for the presence of y ; mwh clones. The 
posterior row elements are socketless hairs and can be scored for y`, while the trichomes 
within the wing blade can be scored for mwh. This enabled us to score every cell comprising 
the posterior wing margin. The location of a marked cell or clone of marked cells was 
measured by counting the number of trichomes between the marked cell closest to the 
margin and the margin itself. Clones produced 0-8 h before pupation can be found in any 
position including the wing margin; however, multiple cell clones are more likely to be 
found distant from the margin. 
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by homoeotic mutations appear to recognize a dorsal/ventral 
boundary in the haltere® does not imply that a boundary is 
present in the haltere disk itself. The cells which form the most 
_distal segments of all leg disks and the antenna portion of the 
eye-antenna disk had a greatly reduced labelling index. A ZNC 
was not detected in previous autoradiographic analyses of 
Drosophila imaginal wing disks”'®, but this can be largely 
attributed to the methods used. While we have occasionally seen 
evidence of the ZNC using whole-mount autoradiography’, we 
have found that this method gives inconsistent results. The zone 
is probably too narrow to have been detected as a difference in 
labelling index between dissected fragments’. 

Although this is the first direct demonstration that the pre- 
sumptive wing margin region has unusual growth properties, 







other indirect evidence is consistent with these findings. Mito’ 
recombination data indicate that precursor cells for the medial 
bristles of the triple row portion of the wing margin ce 

proliferative divisions in the middle of the third instar, whereas” 
the remainder of the disk continues growing!'. However, the. 
ZNC is not composed solely of bristle mother cells; cells respon. 
sible for producing the posterior row elements of the wing 
which are non-innervated socketless hairs, are also included in 
the ZNC. nae 

We have found that clones induced within the last 8 h-of the 

third instar are as likely to be found in the posterior row as in 
any of the first 15 rows of trichomes counting from the margin © 
(mean no. of clones/ posterior row/ wing = 1.00+0.18, mean no. 
of clones/rows 1-15/wing = 0.88 +0.05; there is no significant 
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ig. 3 A summary diagram based on serial reconstructions show- 
ing the location of the ZNC in relation to anterior/ posterior and 
dorsal/ventral lineage restriction boundaries (dotted lines)*°’. 
The location of the presumptive wing structures is based on the 
fate map of Bryant”’, 


difference between these means at P=0.05; 36 wings were 
analysed). However, only 5% of the clones located within the 
yosterior row contained more than one cell, while 50% of those 
located distant from the margin contained more than one cell 
(Fig. 2). This is consistent with the idea that the prospective 
margin is composed of non-dividing cells at this time. The fact 
that any marked cells are found along the margin is attributed 
to the fact that a high proportion of cells in the late third-instar 
wing disk have a 4C DNA content'*'? and can therefore divide 
without further DNA replication. 

The development of the ZNC is a disk-autonomous 
henomenon. Of 50 wing disks collected from animals in the 
process of moulting from the second to the third instar and 
cultured in vivo for 2, 3 or 4 days at 25°C in the abdomens of 
adult females, 16 (32%) showed a ZNC at the appropriate 
location. The remainder probably failed to reach the stage of 
development at which the zone becomes qualitatively obvious. 
Growth termination in the remainder of the disk also occurs 
autonomously in transplanted disks, at a later stage in the culture 
period (data not shown). The two growth termination events 
are genetically distinguishable, as shown by the fact that the 
overgrowing imaginal wing disks from the mutant lethal (2) 
ant discs (ref. 14) develop a ZNC despite the continued prolife- 
ition of the remaining cells of the disk (Fig. 4a). The ZNC in 
these disks is wider than in wild type and shows a more abrupt 
ansition between growing and non-growing regions. 

The ZNC represents a discrete population of cells with special 
rowth properties, rather than a response of cells to the con- 
frontation between presumptive dorsal and ventral regions of 
the wing disk. Late third-instar imaginal wing disks from three 
tants lacking the wing margin (vestigial, Ultravestigial and 
nubbin'*) also lack the ZNC, despite the direct apposition of 
presumptive dorsal and ventral cells (Fig. 4b)'°. 

The presence of the ZNC can account for the observed lineage 
rictions between presumptive dorsal and ventral wing 
regions, if cells that enter the zone as a result of clone growth 
are induced to reduce their proliferation rate (at the edges of 
the zone) or stop dividing entirely (at the centre of the zone). 
\ccording to this interpretation, clones would recognize two 
arallel restriction lines if they were induced outside the ZNC 
and grew up to the ZNC late in the third instar. Exactly this 
result has been reported in clonal studies of the undifferentiated 
wing disk, and the distance between the observed restriction 
mes corresponds closely with the width of the ZNC”. 

The absence of two restriction boundaries in the adult wing 
could result from loss of the ZNC by cell death during pupal 





Fig. 4 Autoradiographs of imaginal wing disk sections from 
mutants homozygous for lethal (2) giant discs (ref. 14) a and 
vestigial (ref. 15) b raised at 25°C. In both cases the disks were 
labelled in vitro as previously described and sectioned longi- 
tudinally. Only the wing pouch region is shown. a, The 1(2)gd 
wing disk was from a 10-day-old larva and has a ZNC with 
well-defined borders and a high frequency of labelling in the 
remaining epithelium and peripodial membrane (P). b, The vg 
wing disk, which shows evidence of cell death in the wing pouch’! 
(d), was from a late third-instar larva and lacks a ZNC (arrow). 


development. However, this seems unlikely because cell death 
has not been observed in this region during pupal development'*, 
and mitotic recombination evidence (Fig. 3 and ref. 9) suggests 
that the ZNC contributes to the adult wing. Alternatively, the 
results could be explained by the gradual recruitment of formerly 
mitotic cells into the zone during the late third instar. When the 
ZNC is established, it is composed of fewer cells than it will 
ultimately include in the late third instar; in fact, in the early 
third instar it could consist of a single row of non-dividing cells. 
Therefore, formerly dividing cells must be recruited into the 
zone to allow for its enlargement. Such a mechanism would 
result in a discrete ZNC being detected in autoradiographic 
experiments, but it is also consistent with one, rather than two, 
restriction boundaries in the adult cuticle. 

We suggest that the dorsal/ventral lineage restriction”'® is a 
secondary consequence of the presence of a ZNC in the wing 
disk. Our data indicate the presence of a ZNC at the middle of 
the third instar and we cannot exclude the possibility that a 
narrow ZNC is present earlier. In previous clonal analyses 
utilizing the Minute technique to provide marked clones with 
a growth-rate advantage”’, the latest time at which clones were 
induced and subsequently included both dorsal and ventral cells 
was 96-120 h” and 72+2h AEL”’. In the Minute mutant used 
in both of these studies, M(3)i°°, the third larval instar begins 
at approximately 75 h AEL and ends at 155 h AEL”. Therefore, 
the dorsal/ventral lineage boundary appears to be established 
during the third instar, coinciding with the appearance of non- 
proliferating cells at the appropriate location. 

Our finding of a ZNC at the dorsal/ventral boundary but not 
at the anterior/ posterior boundary adds to the growing body of 
evidence suggesting that different cellular mechanisms are 
involved in establishing and maintaining these two boundaries 
in the wing disk. The anterior/ posterior boundary is established 
before wing disk formation, but the dorsal/ ventral boundary is 
established much later within the disk itself’’. The dorsal/ven- 
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trai boundary coincides with the wing margin, but the 
anterior/posterior boundary does not coincide with any ana- 
tomical feature'*. Mutations are known which affect either the 
anterior or posterior compartment, but analogous mutations 
affecting the dorsal or ventral compartment have not been repor- 
ted*. Certain monoclonal antibodies show preferential binding 
to dorsal or ventral compartments, but corresponding distinc- 
tions between anterior and posterior compartments have not 
been found”. We conclude that the apparently sequential sub- 
division of a tissue into areas called compartments may result 
from a series of fundamentally different developmental events, 
rather than the repeated operation of the same type of event. 

This investigation was supported by NIH research grant 
HD06082 and NIH National Research Service Award HD07029. 
We thank Dr Danny Brower for helpful discussions and com- 
ments. 


Received 9 April; accepted 20 October 1984. 
t, Garcia-Bellido, A., Ripoll, P..& Morata, G. Nature 24%, 251-253 (1973), 
2. Garcia-Bellido, A., Ripoll, P. & Morata, G. Deol Biol 48, 132-147 {1976}. 
3. Garcia-Bellido, A. Ciba Fdan Symp. 29, 161-182 (1975). 
4, Morata, G. & Lawrence, P. A; Nature 258, 614-617 (1975). 
5. Blennerhassett, M. G, & Caveney, S. Nature 309, 361-364 ( 1984). 
6. Brower, D. L., Smith, R. J, & Wilcox, M. J. Embryol exp. Morph. 67, 137-15} (1982). 
7, Hayes, P. thesis, Univ. Alberta (1982). 
8. Morata, G. & Garcia-Bellido, A. Wilhelm Roux Arch. dev. Biol: 179, 125-143 (1976), 
9. Dale, L. & Bownes, M. Wilheim Roux Arch. dev. Biol. 189, 91-96 (£989). 
10. Adler, P. N. & MacQueen, M. Devl Biol. 103, 28-37 {1984}. 
11. Garcia-Bellido, A. & Merriam, J. R. Devt Biol 24, 61-87 (1971). 
12. Fain, M. J. & Stevens, B. Devl Biol. 92, 247-258 (1982). 
13. Graves, B. J. & Schubiger, G. Devi Biol. 93, 104-110 (1982). 
14. Bryant, P, J, & Schubiger, G. Devl Biol 24, 233-263 (1971). 
13, Lindsley, D. L. & Grell, E. H. Carnegie Inst, Wash. Publ no. 627 (1968). 
16, O'Brochta, D. & Bryant, P, J. Wilhelm Roux Arch. dev. Biol. 192, 285-294 (1983). 
17. Kuhn, D. T., Fogerty, S. C., Eskens, A. A. C. & Sprey, Th. E. Devl Biol. 95, 399-413 (1983). 
18, Waddington, C. H. J. Genet. 41, 75-139 (1940). 
19, Bryant, P. J. Devl Biol. 22, 389-411 (1970). 
20, Morata, G. & Ripoll, P, Dev! Biol. 42, 211-221 (1975). 
21, Morata, G. & Lawrence, P. A. Deyi Biol. 70, 355-371 (1979). 
22. Steiner, E. Wilhelm Roux Arch. dev. Biol. 180, 9-30 (1976). 
23. Brower, D. L., Wilcox, M., Piovant, M., Smith, R. J. & Reger, L. A. Proc, natn. Acad. Sci. 
U.S.A. (in the press), 
24. Schubiger, G. Devl Biol. 28, 277-295 (1971). 
25, Thompson, S. N. Selected Histochemical and Histopathological Methods, 353, 1039-1039 
{Thomas, Springfield, Ilinois, 1966). 
26. Wilcox, M., Brower, D. L. & Smith, R. J. Cell 25, 159-164 (1981). 
27, Brower, D. L., Lawrence, P. A, & Wilcox, M. Devt Biol. 86, 448-455 (1981). 
28. Bryant, P. J. J. exp. Zool, 193, 49-78 (1975), 


RRA OED ELLE SITLL ETRE TIE IED EIEN COR AIEEE 


Inositol 1,4,5-trisphosphate mimics 
muscarinic response in Xenopus oocytes 





Y. Oron, N. Dascal, E. Nadler & M. Lupu 


Department of Physiology and Pharmacology, Sackler Faculty of 
Medicine, Tel Aviv University, Ramat Aviv 69978, Israel 





The enhanced metabolism of phosphoinositides, which is associated 
with a wide variety of stimuli and physiological responses, has 
been studied intensively. Berridge and his collaborators’ demon- 
strated that the first measurable reaction following cell membrane 
receptor activation is a rapid hydrolysis of phosphatidylinositol 
4,5-bisphosphate (PtdIns(4,5)P,), and that the product of this 
reaction, inositol 1,4,5-trisphosphate (Ins(1,4,5)P,), could cause a 
release of non-mitochondrial calcium. These findings have been 
verified in other systems**. Although the relationship between the 
hydrolysis of PtdIns(4, 5)P, and the mobilization of intracellular 
calcium was clearly demonstrated, the direct link between 
Ins(1,4,5)P, production and the physiological response was only 
implied. We have investigated the possibility that the intracellular 
release of Ins(1,4,5)P, mediates the muscarinic—cholinergic 
response is Xenopus oocytes, and we show here that intracellularly 
injected Ins(1,4,5)P, mimics the muscarinic depolarizing chloride 
current in Xenopus oocytes. This is the first demonstration of a 
direct link between phosphoinositides metabolism and a neuro- 
transmitter-induced physiological response. 

Bath application of muscarinic agonists to Xenopus laevis 
oocytes results in a complex response consisting of two consecu- 
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tive inward currents carried by chloride ions (D, and D,), a 











Table 1 Effect of ACh on phosphoinositide breakdown produ 


% Increase in radiolabel (mean+s.e.m., n = 6) = 
Inositol GPI Ins(1)P Ins(1,4)P, Ins(1,4,5) 
-51l 1824 3747 7411 85417 





Stage 6 Xenopus oocytes were separated from the enclosing folli 
cells (denuded) by treatment with collagenase’. The cell suspension | 
incubated overnight at room temperature with gentle shaking, in norm 
Ringer's solution, in the presence of 20-50 pCi mi~’ *H-inositol. 
cells were rinsed, resuspended in normal Ringer's solution and incubate 
for 120s in the presence of 0.1 mM ACh. The assay was terminated 
homogenization in 5% trichloroacetic acid (TCA). Proteins 
removed by centrifugation and the TCA extracted with eth 
extracts were diluted and the products of phosphoinositide brea! 
were separated in Dowex AG21K columns (formate form), esse 
as described by Downes and Michell'*. Each experimental system 
contained 50-100 oocytes. The results are expressed as a‘ mean. % 
increase in radioactivity over control (no additions) +s.e.m. The me 
distribution of radioactivity between the various *H-inositol-labell 
compounds was as follows (c.p.m.+s.e.m., 17 experimentsin untre 
oocytes, approximate counting efficiency 20%): free ‘intracellu 
inositol, 43,000+ 9,000; glyceryiphosphorylinositol (GPI), 32 
Ins(1)P, 930+ 150; Ins(1,4)P,, 120+ 20, Ins(1,4,5)P;, 220450, 
brane associated counts (TCA precipitate) were 9,000 1,5 
(mean +s.e.m., eight experiments). Commercial *H-inosital co: 
impurities which eluted from anion exchange columns at points con 
sponding to various inositol sugar phosphates (particularly Ins(1 
These impurities probably represent negatively charged labelled co 
pounds, as they could be completely removed by two successive pas 
through a Dowex AG21K column and would not be expected 
taken up by the cell. In several experiments we used column-p fi 
5H-inositol and obtained elution patterns identical to those obtai 
with unpurified tracer. 


prolonged outward current carried by potassium ions (H) 
superimposed large chloride current fluctuations (F). D,, 
and F have been shown to be calcium dependent™!®. Moreove 
we have found that acetylcholine (ACh) releases oocyte-bo 
calcium, and that intracellular injection of calcium ions resul 
in a chloride inward current similar to the muscarinic D,, 
and F responses (B. Gillo, N.D. and Y. Lass, unpublished 
results). Little is known about the physiological role of mu 


able acetylcholinesterase activity'*. We have reported recently 
muscarinic promotion of progesterone-induced oocyte matur- 
ation’; we have characterized this response pharmacologically 
and have shown that ACh decreases cyclic AMP levels in th 
cell (N.D., R. Yekuel and Y.O., unpublished). We specula 
that the activation of muscarinic receptors modulates the proce: 
of oocyte maturation. y 

The activation of muscarinic receptors may result ini 
increased hydrolysis of PtdIns(4, 5)P,; the resulting increase 
the concentration of Ins(1,4,5)P, may cause the mobilization 
intracellular calcium, analogous to the mobilization of calciu: 
by Ins(1,4,5)P; in other cells. That, in turn, activates membr; 
chloride channels. To verify this hypothesis, we first demor 
strated that cholinergic stimulation of Xenopus oocytes resulte 
in the hydrolysis of PtdIns(4,5)P,. When oocytes pre-labelle 
with *H-inositol were challenged with cholinergic agonists, the 
was a significant increase in the accumulation of phosphoinos 
tide breakdown products: inositol 1-phosphate (Ins(1)P 
inositol 1,4-bisphosphate (Ins(1,4)P,), and Ins(1,4,5)P, (Ta 
1). This effect was blocked by atropine (0.1-1 uM, added.10. mi 
before ACh, not shown), and could be observed 30-120 s after 
stimulation with the cholinergic agonist. 

The injection of Ins(1,4,5)P; into oocytes produced two'con- 
secutive inward currents and variable superimposed current 
fluctuations (Fig. 1) similar to the chloride current responses 
seen on ACh application (Fig. 16). Although in this particular 
denuded oocyte ACh produced only the D, response, we could 
demonstrate that the injection of Ins(1,4,5)P; does not require ` 


_ the involvement of the surrounding follicular cell layer. Both 








Fig. 1 a, Response of a denuded oocyte to pressure injection of 
increasing doses of Ins(1,4,5)P,: arrow 1, 0.5 pmol; arrow 2, 
1.25 pmol; arrow 3, 2 pmol. Calibration: vertical bar, 100nA; 
horizontal bar, 6 min. b, Response of a single denuded oocyte to 
tophoretic injection of Ins(1,4,5)P, (arrow 1) and ACh (10 pM) 
application (arrow 2). Calibration: vertical bar, 50 nA; horizontal 

r, 6min, 
Methods. a, Oocytes were placed in a |-ml bath constantly perfused 
ith normal Ringer’s solution and were voltage clamped using a 
conventional voltage-clamp technique (usually at —50 or —60 mV). 
third micropipette filled with 0.1-10 mM Ins(1,4,5)P; was used 
‘pressure injections. Ins(1)P, Ins(1,4)P, and Ins(1,4,5)P, were 
tained from rabbit erythrocyte ghosts and separated on a Dowex 
AG21K formate column, essentially as described by Downes et 
al"; except that the LiCl stage was omitted and the formate 
removed by repeated, prolonged lyophilization. Concentrations 
recalculated from total phosphorus determination according to 
rtiett'®. b, Ins(1,4,5)P,; was injected at 2.4 pA current for 8s 
‘maximal amount injected 67 pmol, assuming that all the current 
is carried by Inst(1,4,5)P,; ions and that the net charge per 
molecule was -6). In this particular cell the application of ACh 
resulted in D, and F currents only. This is common in denuded 
cytes, which lose some of the components of the complete 
: response. However, we observed a complete response (D,, D, and 
_F) both to ACh application and to Ins(1,4,5)P, injection in many 
ntact (follicle enclosed) oocytes in this series of experiments. 


),-like. and D,-like responses to Ins(1,4,5)P; injection were 
mpanied by an increase in membrane conductance (Fig. 
The reversal potentials (V,) were —18.6+2.0 mV (mean + 
i, n=5) for the D,-like response and —23.8+2.0mV 
ean +'s.e.m., n= 8) for the D,-like response. The more nega- 
V, of the D.-like response implies a minor component of 
otassium: current. These values are close to the equilibrium 
tential of chloride ions in Xenopus oocytes (about —22 mV, 
ef. 9). Intwo oocytes, measurement of the reversal potentials 
u- and D,-like responses to Ins(1,4,5)P; injection and a D, 
ponse to ACh application showed them to be virtually iden- 
il (within +2 mV, see Fig. 2). 

The response to Ins(1,4,5)P, was observed in all 17 cells tested 
frogs, 15 follicles, 2 denuded oocytes). Both pressure and 
iontophoretic injections were effective (Fig. 1). lontophoretic 
ection with reverse polarity (cation iontophoresis) was 
neffective (not shown), indicating that the effect was not due 
o the injection of contaminating calcium ions. 

The depolarizing response to Ins(1,4,5)P, injection was dose 
pendent (Fig. 1a), with an apparent threshold for injected 
ins(1,4,5)P, of 0.02-0.1 pmol (in follicles) and 0.25 pmol (in 
ided cells) per oocyte, corresponding to a nominal intracel- 
ar concentration of 0.02-0.24M. Acid hydrolysis of 
4,5)P; (6M HCI, 2.5-h at 100 °C) resulted in ~30% hydro- 
f organic phosphorus (corresponding to one phosphate 
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Fig. 2 Current-voltage (J- V) characteristics of the response of 
a single follicle in Ins(1,4,5)P, injection (a) and of the muscarinic 
D, response (b). The I-V curves were recorded automatically with 
an X-Y plotter, following a ramp-like change in the holding 
potential which lasted 0.8-1.0s (ref. 9). This method has been 
tested carefully against manual adjustment of holding potential 
and the reversal potentials were found to be identical when deter- 
mined by both methods’. The reversal potential (V,) is the point 
of intersection between the J-V curves of the cell (at rest and at 
the plateau of the response)’. a: Trace 1, 1- V curve of the resting 
membrane; trace 2, the J-V curve at the time of the D,-like 
response plateau ( V, = —17 mV); trace 3, I~ V curve at the time of 
the D,-like response plateau ( V, = —17 mV). b: Trace 1, I- V curve 
of the resting membrane; trace 2, T-V curve at the time of the 
muscarinic D, response plateau ( V,=—18 mV). ACh was 2 uM. 
The I- V curve of the muscarinic D, response was not determined 
in this experiment and can be found in refs 9 and 10. 


moiety) and ~80% loss of the response (four cells; unhydro- 
lysed Ins(1,4,5)P was also tested in two of these cells). The 
injection of ammonium formate (a possible contaminant of the 
tested compounds) at up to 56 pmol per oocyte produced no 
response. The injection of Ins(1)P (threshold 1.5-2.0 pmol per 
oocyte), however, produced a marked depolarizing current, 
while Ins(1,4)P, produced inconsistent responses: either out- 
ward or inward currents, associated with both increases and 
decreases in membrane conductance, were observed. The 
reversal potentials of the inward current responses to Ins(1)P 
and Ins(1,4)P, injections were all positive—+10.5+6.2 mV, 
(mean+s.e.m., n=6) for Ins(1)P in six cells tested and 
> +14 mV for Ins(1,4)P, in three out of six cells tested in which 
the inward current was associated with increased membrane 
conductance. This reversal potential indicated that the responses 
to Ins(1)P and Ins(1,4)P, were mediated to a significant degree 
by a sodium ion current. The threshold for the Ins(1,4)P, 
response was >0.4 pmol per oocyte and the injection of larger 
doses (2-18 pmol per oocyte) often led to an. irreversible 
depolarization and deterioration of the cell (not shown). 

Our results support the hypothesis. that Ins(1,4,5)P; is the 
intracellular mediator of the muscarinic depolarizing chloride 
current. It is possible that Ins(1)P or Ins(1,4)P, are involved in 
the control of sodium ion gating, although nothing is known 
about neurotransmitter control of sodium channels in this cell. 
We cannot exclude the possibility that the effects of Ins(1)P and 
of Ins(1,4)P, injection are caused by impurities contained in 
these fractions. The very low threshold concentrations imply, 
however, that these are responses of considerable specificity. 

This demonstration of a relatively simple assay system for the 


physiological effects of Ins(1,4,5)P, and its congeners offers a 


unique opportunity to extend the study of the effects of phos- 


phoinositide breakdown products to the metabolism and 


molecular genetics of these compounds. 
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Note added in proof: It has been demonstrated recently'”!® 
that Ins(1,4,5)P, microinjection into Limulus photoreceptors 
mimics physiological responses in this organ. 
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“The T/t-complex of the mouse includes a series of recessive lethal 
and semi-lethal mutations but, despite such lethalities, mutant 
t-haplotypes are found in high frequency in wild mouse popula- 
tions’. This polymorphism is apparently maintained because 
heterozygous males preferentially transmit the t-bearing chromo- 
some to their offspring”. Despite many attempts to define the basis 
of the transmission ratio distortion*~"’, it has been unclear whether 
this is because t-bearing sperm have better than average fertilizing 
ability or whether +-bearing sperm in heterozygous males are 
rendered defective. To examine this point, we constructed male 
(XY«*XY) chimaeras containing +/+ and +/t”” genotypes, 
marked respectively by albino and pigmented coat colours, and 
two isozyme variants. Such males produce a mixture of three 
different sperm types: +-bearing sperm from the +/+ genotype, 
+-bearing sperm from the +/t genotype, and t-bearing sperm from 
the +/t genotype. Appropriate matings can distinguish between 
these three types, and our data, reported here, show that t-bearing 
sperm in chimaeric mice maintain their advantage over their 
‘meiotic partners’ but do not have any advantage over sperm from 
the +/+ genotype. 












Table 1 Characterization and breeding behaviour of chimaeric +/ 17 <> +/+ mice 
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Chimaeras were made by aggregating tw gh 
these were cultured and transferred at the 







allowed to develop to term and delivered naturall 
embryos were (BALB/c xSJL)F,, albino. at co 
and homozygous for the isozymes phosphoglucos: 
(GPI-A) and glyoxylase 1A (GLO-IA). The +/: 
embryos were obtained from males with a t 
>95% , and were pigmented (+°/+°) and homozygous 
The genetic marker for the t-haplotype was Glo- 
is within its region of recombination suppress wher 
+ chromosome carried Glo-1*. Thus, the +/t heterozy: 
genome in chimaeras could be identified by the 
GLO-1A, GLO-1B and the hybrid AB band separ 
trophoresis. eee 
Of 32 coat colour chimaeras obtained, seven m 
both albino and pigmented offspring in matings wit 
females. The pigmented progeny of three of these males i 
tailless (T/t), as well as short (T/+) and normal taile 
or +/+) animals. The tailless progeny identify the presenc 
t*” in the parental chimaera, while the short tailed 
define them as also carrying the + allele; thus, the pigm 
component of these chimaeras must be t””?/ +. The rem 
four males produced pigmented progeny consisting only of sl 
and normal tailed animals, and must therefore be +/+. Althe 
there was considerable inter-male heterogeneity, both | 
produced approximately equal proportions of pigmented | 
albino offspring (Table 1), thus suggesting that the tw 
genotypes of these chimaeras are equally efficient. at 
production, and that the presence or absence of t””? i 





































Contribution of 








Relative each genotype 
‘proportion of to testicular Tail phenotype 
coat colour cells/sperm of pigmented 
: pigmented:albino GPI-B:GPI-A Offspring % Pigmented offspring 
Mouse (+/t or +/+)£+/+) (+/tor+/+)(+/+) pigmented: albino offspring nt:sh:ot 
+/tert/+ 
4383 $0: 50 30:70 8:139 5 3:0:5 
4387 50:50 70:30 163: 80 67 72:2:89 
4388 50:50 50:50 125: 28 82 58:5:62 
Total 296 : 247 55 
t+/teot/+ 
424 90:10 ND 41:20 67 19: 22:0 
430 70:30 ND 37:9 77 23:19:0 
4380 60:40 30:70 55:111 33 31:24:0 
3973 50:50 ND 26:1 93 12:14:0 
Total 159; 143 53 
Grand total 455:390 54 














nt, Normal tail (+/+, +/t); sh, short tail (7/+); ot, tailless (7/1): ND, not determined. Genotypes (+/+, +/t) were determined by GLO 
isozyme analysis and progeny testing. GLO-1 isozyme identification was by a method modified from ref. 18. Sperm from both epididymi 
vas deferens were analysed for GPI isozymes. Epididymis and vas deferens were removed from freshly killed mice and cut into small pie 
sperm medium (150 mM NaCl, 10 mM sodium phosphate (pH 7.2, 0.3% fructose, 0.3% dextrose, i mM CaCl,, 1 mM MgCl,) to release the sperm 
This was passed through 37-.m gauze and centrifuged at 400 r.p.m. for 5 min. The sperm in the suspension were pelleted, frozen, then thawe: 
small amount: of distilled water. The GPI isozyme ratio of this supernatant was determined by electrophoresis’. The GPI isozyme ratio of 
‘spermatogenic cells.in the testis, prepared according to Silver et al”, was also determined and found to correspond to that of the sperm in th 
ec era: ee ee : : 


















































genotype is nota factor controlling the overall propor- 
ns of pigmented and albino sperm. 
e transmission frequency of t”” relative to its +homologue 
measured by the proportion of tailless to short tailed offspring, 
‘the transmission frequency of t”? from chimaeric males 
ins very high (Table 1). Thus, t-bearing sperm maintain 
ir superiority over their meiotic partner, although this 
efiority does not extend to the +-bearing sperm from the 
+ genotype. 

ur data therefore suggest that t-bearing sperm are not 
sically superior, but that +-bearing sperm produced by 
| heterozygotes are ineffective compared with both t-bearing 
perm. and +-bearing sperm from another genotype. The defect 
therefore in the +-bearing sperm whose ‘meiotic partners’ 
re t-chromosomes. These results help to explain the apparent 
dox that whereas heterozygous +/t and T/t males show 
‘torted transmission ratios in favour of the t-bearing chromo- 
me, heterozygous ¢*/t” males (where t% and ¢” are t- 
lotypes belonging to different complementation groups) are 
rile: This led to the hypothesis that t-bearing sperm somehow 
pair’ sperm of the other haploid class, to result in a high 
smission ratio in +/t or T/t heterozygotes and sterility in 
t” heterozygotes*. However, when sperm from ¢*/t’ males 
re mixed with those from +/+ or T/t males before artificial 
nsemination, no deleterious effect on non-f-bearing sperm is 
bserved*, Our demonstration of an impairing effect suggests 
at it must occur early in spermatogenesis. This agrees with 
yrevious observations that chimaeric males carrying 
+/ t'<>+1" genotypes and breeding for both genotypes trans- 
mit the characteristic high proportion of each haplotype relative 
its ‘+’ allele, with no loss of fertility’. Thus, both genotypes 
dergoing spermatogenesis in the same testis differentiate 
independently of each other. 
Transmission distortion in the mouse seems to be similar, but 
t entirely analogous, to Segregation Distortion (SD) in 
‘osophila. Genetically the two systems are very similar, involv- 
g inversions, lethal genes and sterility, as well as ‘responder’ 
‘distorter’ loci'?-'. However, the SD locus causes sperm 
carrying the homologous chromosome to degenerate during 
elopment in the testis'’*, whereas in the mouse, +/t heterozy- 
gotes are known to produce both t-bearing and non-t-bearing 
perm. Hammerberg and Klein® found equal representation of 
earing chromosomes and their homologues at meiosis I. 
ni gisawa et al.” found two serologically distinct populations 
perm in +/t males. Also, H.-S. Shin (personal communica- 
in) demonstrated by Southern blotting that equal proportions 
earing and +-bearing sperm are found in both the epi- 
didymis and vas deferens. Furthermore, sperm from +/t 
eterozygotes show few morphological abnormalities'®"”. It is 
0 sible, therefore, that the presence of compromised + -bearing 
erm in sperm populations in heterozygous males may account 
r the differences revealed in other studies of viability and 
tilization capability”, differences i in sperm mobility between 
carrying and wild-type mice’, and abnormally high levels of 
urf. ce-associated galactosyltransferase. 
The deleterious action of the t-chromosome on its sce 
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Epidermal growth factor (EGF), through interaction with specific 
cell surface receptors, generates a pleiotropic response that, by a 
poorly defined mechanism, can induce proliferation of target 
cells'*, Subversion of the EGF mitogenic signal through 
expression of a truncated receptor” may be involved in transfor- 
mation by the avian erythroblastosis virus (AEV) oncogene v-erb-B, 
suggesting that similar EGF receptor defects may be found in 
human neoplasias. Overexpression of EGF receptors has been 
reported on the epidermoid carcinoma cell line A431 (ref. 8), in 
various primary brain tumours’ and in squamous carcinomas”. In 
A431 cells the receptor gene is amplified®'"'*, Here we show that 
4 of 10 primary brain tumours of glial origin which express levels 
of EGF receptors that are higher than normal also have amplified 
EGF receptor genes. Amplified receptor genes were not detected 
in the other brain tumours examined. Further analysis of EGF 
receptor defects may show that such altered expression and amplifi- 
cation is a particular feature of certain human tumours, 

Examination of eight novel brain tumours together with those 
29 tumours studied previously, using a highly sensitive assay 
for EGF receptor kinase activity, suggested that some glioblas- 
tomas express high levels of kinase compared with other tumours 
and with normal brain material obtained postmortem’ (see Table 
1). Because the A431 vulval carcinoma cell line which expresses 
high levels of EGF receptors*® also has amplified EGF receptor 
genes*''-"?, we examined the structure of the receptor gene in 
DNA prepared from 21 brain tumours, 

We have recently obtained cDNA clones from A431 cells and 
placenta; sequence analysis of these has provided the complete © 


primary structure of the EGF receptor, together with the nucleo- a 


tide sequence of the 5’- and 3’-untranslated regions of a 5.8- 
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designation Source of DNA gene copies expression 
Controls 
HPL Human placenta l High 
A431 Epidermoid vulval carcinoma 15-25 High 
Brain tumours 
GMI Glioblastoma multiforme 20-30 High 
Glioblastoma multiforme 10-20*/25-427 High 
Glioblastoma multiforme 1 ND 
Glioblastoma multiforme i Low 
Glioblastoma multiforme 1 ND 
Glioblastoma multiforme 50-60 High 
Glioblastoma multiforme I Low 
GM8 Glioblastoma multiforme i None 
GM9 Glioblastoma multiforme 6-9 ND 
Adjacent normal brain tissue 1 ND 
GMI10 Glioblastoma multiforme H ND 
CGMI (10) Cerebellar glioblastoma ! Low 
CGM2 Cerebellar glioblastoma 1 ND 
ACUI (2)  Astrocytoma grade H 1 Medium 
ACIR Astrocytoma grade II 1 ND 
“ODG1 _.. Oligodendroglioma 1 ND 
ODG2 * Oligodendroglioma l Low 
. ODG3 Oligodendroglioma 1 Medium 
MENI Meningioma 1 Medium 
MEN2 Meningioma l ND 
MEN3 Meningioma i Medium 
PNE Primitive neuroectodermal tumour i ND 


Mmea 

Tumour tissue was frozen in liquid nitrogen immediately after removal to avoid 
degenerative changes. As only small amounts could be obtained, the kinase assay 
provides the only practical assay for EGF receptor levels in these samples at 
present. The radioactive content of the *’P-labelled EGF receptor was determined 
and expressed semi-quantitatively as follows: low, <2,000 ¢.p.m.; medium, 2,000- 
20,000 c.p.m.; high, > 20,000 c.p.m. For further details see ref. 9. ND, not deter- 
mined. Numbers in parentheses refer to tumours analysed previously’. 

* S' probe (II); + 3’ probe (V) (see Figs 2, 3). 


kilobase (kb). mRNA®. Various segments of the cDNA clones 
have been subcloned and used to generate probes which can 
detect restriction fragments of genomic DNA encoding defined 
regions of the 5.8-kb mRNA (Figs 1, 2). Southern blot hybridi- 
zation analysis of equal amounts of EcoRI-digested DNA from 
the brain tumours, using a Pst-Pst fragment of the EGF receptor 
cDNA as a probe, showed that 4 of 10 glioblastomas contain 
amplified copies of the EGF receptor gene (Fig. 1, Table 1). 
Based on densitometric quantification of Southern blots, made 
_ with various amounts of DNA, we estimate that the EGF recep- 
‘tor gene is amplified 15-25-fold in A431 cells and 6-60-fold in 

< the four glioblastomas compared with the gene in human 
`» placenta: The DNAs prepared from meningioma, oligodendro- 
_ glioma or astrocytoma grade II tissue samples and normal brain 

< tissue adjacent to tumour GM9 showed no amplification of the 
“EGF receptor genes (Fig. 1, Table 1). To characterize the 
amplified receptor genes further, Southern blots of EcoRI- and 
Hindlll-digested DNAs were probed sequentially with cDNA 
fragments corresponding to other regions of the 5.8-kb mRNA 
(see Fig. 2). Novel restriction fragments were detected in both 
the EcoRI and HindIII digests of DNA from tumour GM2 with 
probe HI (1.3 kb with EcoRI and 9.4kb with HindIII) and in 
the HindIII digest of tumour GMI DNA with probe IV (3.4 
and 5.3kb) (Fig. 2). Furthermore, the relative intensities of 
restriction fragments detected by hybridization with distinct 
probes (I-IV) were significantly different between GM1, GM2 
and A431 cell DNAs. For example, the relative intensiies of the 
EcoRI restriction fragments detected in GM2, GM1 and A431 
DNAs using probe IV were significantly different from those 
detected with probe HI (see Fig. 2). The amplified genes in 
tumours GM6 and GM9 have not yet been analysed in detail. 
These results are consistent with amplification and rearrange- 
ment of the receptor gene in these tumours, generating additional 

. normal and aberrant genes, as reported for other amplified 
-genes'*. For the GM1 and GM2 genes, the detection of novel 
restriction fragments suggests that rearrangement involves the 
coding region; the nature of the rearrangement in A431 DNA 








Fig. 1 Southern blot analysis of DNA from primary human brain 
tumours and human placenta. a, Schematic: representation 
human EGF receptor cDNA. Untranslated sequences are repre 
sented by a line; coding sequences are boxed. The open ‘bo: 
represents sequences encoding the signal peptide; hatched regi 
encode the mature receptor. The black region demarcates | 
coding region for the putative transmembrane domain. The cDN; 
probes used for this study were constructed as described. p 
viously‘, except for probe p8.4 (designated here as probe I) whic 
is derived from the recombinant plasmid p8 (T.A.L. et al, unpub 
lished results). b, Amplification of the EGF receptor gene in glio 
blastoma and A431 epidermoid carcinoma cells and hum: 
placenta. The DNAs from these tumours were digested with EcoR 
and probed with **P-labelled probe II DNA. GM1, GM2, GM3, 
GM4 and GM5 are different primary human glioblastomas, CGM1 
is a cerebellar glioblastoma, ACHI is an astrocytoma grade‘ II 
MEN2 is a meningioma, and A431 is a human epidermoid car- 
cinoma cell line. HPL is human placenta which served as a control 
tissue. Some of these tumours were analysed previously for receptor 
kinase activity (see Table | and ref. 9). T 
Methods: a, Cloning of EGF receptor cDNA clone p8, mRNA 
from A431 cells was isolated by the guanidine thiocyanate/CsCl- 
method”*. cDNA synthesis, cloning into pUC9 and colony screen- 
ing were carried out according to published protocols”. Briefly; a 
l7mer probe, as a mixture of 256 oligonucleotides (3'ATA/G 
TTA/G GGX TGX TGX AT 5’) based on the amino acid sequence. 
of a tryptic peptide of A431 EGF receptor (ref. 5) was end-labellec 
with T4 polynucleotide kinase (New England Biolabs) and 
(y-"P)ATP (3,000 Ci nmol™'; Amersham). Colony screening 
for hybridization was carried out in 6xSSC, 5x Denhardt's, 
0.1% SDS, 100 ug mi~’ salmon sperm DNA at room temperature 
for 36h. Filters were washed at 45°C with 3 xSSC, 0.1% SDS. 
Nucleotide sequence analysis was carried out according to the 
procedure of Maxam and Gilbert*®. p8 is a 2.5-kb cDNA clone 
derived from the 2.8 kb variant mRNA from A431 cells described | 
by Ullrich et al®. Probe II is a Pst fragment (399 base pairs, (bp)) 
derived from clone p8. b, DNA of high relative molecular mass _ 
was isolated as described previously”®, and 15 ug were digested to- 
completion with excess EcoRI or HindIII (New England Biolabs) 
fractionated by electrophoresis through a 0.7% agarose gel and — 
transferred to nitrocellulose paper. Probe II was radiolabelled with 
[a-*?P]dATP and [a-**P]dCTP (Amersham) by the procedure of | 
Taylor et al^’. Hybridization with 10” c.p.m. of >?P-labelled probe 
was performed in 6 xSSC, 5 x Denhardt’s, 10% dextran sulphate; 
50 mM sodium phosphate pH 6.5 and 100 pg ml”! salmon sperm 
DNA at 65 °C for 16 h: Filters were washed in 0.2 x SSC, 0.1% SDS 
at 65 °C and autoradiographed for | day at —70 °C using intensifier 
screens. Sizes were calculated using A phage DNA cleaved with 
restriction endonuclease HindIII as standards. 
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Fig. 2 Southern blot analysis of EGF receptor sequences in 
human brain tumours, A431 cells and human placenta. A schematic 
“representation of the receptor mRNA and its coding sequences is 
“shown. Dashed lines indicate the regions of the schematically 
depicted cDNA giving rise to the hybridization patterns shown 
“(see also Fig. 1). Arrowheads indicate the location of fragments 
of DNA in the amplified EGF receptor gene of the glioblastoma 
‘tumours, that were not detected in other DNAs. Roman numerals 
{I-V) denote cDNA fragments used as hybridization probes (see 
Fig. 1). High-molecular weight DNA (15 pg) from A431 cells, 
‘human placenta (HPL), glioblastomas (GMI, GM2) and mening- 
“ioma (MENI) was digested with EcoRI (a) or Hindlil (b). To 
exclude technical problems due to incomplete digestion, the diges- 
tions were repeated several times with a large excess of restriction 
enzymes, revealing the same results. The DNAs were elec- 
trophoresed and blotted as described in Fig. 1 legend. The blots 
were hybridized to the nick-translated EGF receptor-specific 
cDNA inserts isolated from relevant cDNA clones under high 
stringency conditions, as described in Fig. | legend. The same blots 
were re-used for the different probes without detectable loss of 
signal. To denature the cONA-genomic DNA hybrids for re-use, 
i filters were soaked with slight agitation in 0.5 M NaOH, 
1.5M NaCl for 10 min at room temperature, rinsed with water, 
neutralized twice for 10 min in 0.5 M Tris-HCI pH 7.0, 1.5 M NaCl 
and washed in 3xSSC. Filters were kept wet in Saran wrap, 
preincuabted in hybridization buffer and re-used as described 
z above. 
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Fig. 3 Northern blot analysis of 
mRNA from A43] cells, human 
placenta and glioblastoma, A431 cells 
were grown in Dulbecco's modified 
Eagle's medium containing 10% fetal 
calf serum in an atmosphere of 5% 
CO,/95% air at 37 °C. RNAs were iso- 
lated from frozen tissue of human 
placenta, from glioblastoma GMI 
after pulverization in liquid N, and 
from fresh A431 cells by the guanidine 
thiocyanate/CsCl method described 
elsewhere*®. Aliquots (10 pg) of 
poly(A)-selected mRNA were heated 
at 60°C for 10 min in a solution con- 
taining 50% formamide, 6% formal- 
dehyde and running buffer (20 mM 
MOPS pH 7.0, 5 mM Na-Ac, | mM 
EDTA). The samples were elec- 
trophoresed at 100 V for 4h in 1% 
agarose gels containing 6% formal- 
dehyde and I xrunning buffer. The 
RNA was transferred with 10 x SSC to 
nitrocellulose filters, fixed by heating 
at 80°C for 2 h and hybridized at 42 °C 
for 2 days with 210° c.p.m. ml”! of 
nick-translated p64.3 probe in a solu- 
tion containing 50% formamide, 5x 
SSC, 10% dextran sulphate, 1 
Denhardt's mixture, 10 mM sodium 
phosphate pH 6.8 and 100 pg mi”! 
salmon sperm DNA. After washing at 65°C with 0.1 x SSC, 0.1% 
SDS, the filters were autoradiographed for 2 days at -70 °C using 
intensifier screens. 





























































is less clear. The novel fragments could have arisen from poly- 
morphic genes, but this is unlikely as fragments of similar size 
were not seen in the other tumour DNAs. 

Owing to the limited amounts of tissue available, RNA could 
be prepared only from tumour GM1. Northern blot hybridiza- 
tion analysis of GMI and A431 RNAs with probe IV revealed 
the 5.8- and 10.5-kb mRNAs detected previously in 
placenta®'':'?, together with several abnormal transcripts, not- 
ably a 3.8-kb species present at about 10 times the level of the 
normal transcripts in tumour GMI (Fig. 3). Analysis of RNA 
with probe III also detected the 3.8-kb RNA in tumour GM1 
and the 2.8-kb transcript which encodes a truncated external 
receptor domain present at ~100 times the level of the normal 
transcripts as characterized previously in A431 cells”'*'° (data 
not shown). The abnormal transcripts may be encoded by the 
rearranged amplified genes. Further analysis is needed to deter- 
mine the relationships between gene structure, aberrant mRNA 
expression and receptor expression levels in tumours, and prob- 
lems inherent in analysis of small tissue samples must be 
overcome. 

Amplifications of sequences related to oncogenes in primary 
human tumours has been observed for c-myc'’, N-myc'*’*° and 
Ha-ras! (ref. 21), and amplification of sequences related to abl 
has been reported in a human cell line”. Karyotypic abnor- 
malities including translocations and in some cases increased 
copies of chromosome 7, to which the EGF gene maps, have 
been documented in A431 cells’*** and in several glio- 
blastomas?™™ 7 and could be related to amplification and/or 
rearrangement of the receptor gene. 

Our results, although preliminary, raise several important 
questions regarding the expression of the EGF receptor in 
specific tumours. Because the v-erb-B oncogene may transform 
cells through expression of a truncated receptor™®, our observa- 
tion of amplification and rearrangement of the receptor gene, 
together with abnormal transcription, in certain human tumours 
warrants further study as abnormal receptor expression could 
be involved in neoplasia. 

We thank Dr Boaz Amit for the preparation of the oligonu- 
cleotide probe and Dr A. D. Bartal and his staff in the Depart- 
ment of Neurosurgery, Ichilov Hospital, Tel Aviv for-assistance 
in obtaining and identifying the brain tumours. This wor 
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Nuclease-hypersensitive sites in chromatin exist at the 5’ side of 
many eukaryotic genes. To gain some understanding of the 
molecular basis of these hypersensitive sites, we have now examined 
the pair of sites upstream of the Drosophila hsp70 gene in a series 
of plasmids that contain deletions in the hypersensitive region and 
have been transformed into yeast cells. Hypersensitive sites 5’ to 
a Drosophila hsp70 gene are preserved when this gene is introduced 
into yeast by transformation’. We find that a yeast strain contain- 
ing a plasmid in which the deletion extends through the first 


Fig. 1 Detection of DNase I hyper- 
sensitive sites 5‘ to deletion mutants of 
the Drosophila hsp70 gene transformed 
into yeast. The SP1.1 plasmid is a yeast 
centromere-containing vector that 
possesses one copy of an hsp70-lacZ 
fusion gene’ flanked by P-element 
DNA*. The plasmid is a derivative of 
pYE(CEN3)41 (ref. 11) and contains 
the hsp70-lacZ fusion gene as in 
epl9.t (ref. 2). The restriction map 
Shows the relevant regions of the plas- 
mid SPI.1. Numbering is from the -93 >= 
Drosophiia start of transcription of the 
hsp70 gene. Heavy line, hsp70 DNA; 
open line, lacZ sequences; broken 
line, P-element DNA. Deletions were 
made from the Xhol site with Bal31 
nuclease'?, XhoI linkers were added, 


-194 -74 -43 
Dean a 





which about 7 bp of P-element DNA 
was also deleted, the plasmid was X 
reconstructed so that the downstream 194 
deletion termini were rejoined to the 
Xhol site as in the parent plasmid. 


which is 3 kb in SP1.1, also hybridizes to the labelled DNA. 


——LETTERSTONATURE —— 


-1941494 -74 -43 -194 -43 -23 

meee eee BD EX A EX BN 
acdadacdeaasaaa 
1234 567 8 9 1011 


-6 


P-element 
casei NA a as 


and except for the —23 bp deletion in a 
N 
-50 +88 


The deletions studied are shown schematically in Fig. 3. The deletion termini for the —145 and +252 deletions are known + 10 bp from high 
resolution analysis on agarose and acrylamide gels, but have not been sequenced. The —74, —43 and —23 deletion end points are known 
precisely from DNA sequence analysis (B. Wills and P. Wensink, personal communication). DNA was isolated from nuclei of yeast transformed” 

with these plasmids, restriction cut with Bgl and EcoRI, electrophoresed on a 1.4% agarose gel and hybridized to a **P-labelled BamHI: 
Sall DNA fragment homologous to the 5’ half of the Drosophila hsp70 gene as previously described’ and as depicted in the figure. The numbers 
above each lane indicate the deletion examined. The preparation of the —43 deletion used in lanes 15-20 was independent of that used in 
lanes 6-9, 13 and 28. DNA was isolated from yeast nuclei treated with DNase I at concentrations of 0 U mi! (a), 10 U ml” (b), 35 U mt! 
(c), 100 U mi“! (d), 310 U mi“! (e) and 510 U mi“! (f). Arrowheads mark the positions of fragments resulting from cleavages at —93 and 
~6 bp. Additional restriction digests of non-DNase-treated samples were performed for molecular weight markers and are denoted with 
single-letter abbreviations for the restriction enzymes above the lanes: B, Bgll; N, Nrul; P, Pstl; and X, Xhol. The intact Bell fragment, 
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hypersensitive site still displays the normal pair of hypersensitiy 
sites, so DNA sequences over which the first hypersensitive site 
centred are not required for hypersensitivity at this position a 
the site can form over a foreign DNA sequence juxtaposed agains! 
this deletion end point. Deletions progressing further into th 
region bracketed by the pair of 5’ hypersensitive sites eliminat 
the first hypersensitive site and alter the downstream site, W 
propose that the hypersensitive sites are generated through t 
binding of a protein that renders flanking sequences more access- 
ible to nucleases, perhaps by preventing normal chromatin pac 
aging. 


integrated into the yeast genome, the pattern of hypersensitiv 

S’ to these genes remains identical to that in Drosophila’. Th 
hypersensitive sites also occur on copies of the Asp70 gent 
inserted into an episomal, centromere-containing yeast plasmi 
(Fig. 1). This plasmid, SP1.1, contains one copy of an hsp70-la 
fusion gene? in which the hsp70 sequences extend upstream t 
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ac d oaa 
30 31 323334 


“194-74 -43-23 





13 14 








P P g 

+HBL +1390 

Famam 
probe 



















sou 7194 
— 74 
Pett) 








< Fig. 2. Densitometry scans of hypersensitive regions 5' to Asp70 
in SP1.1 and its deletions. a, Densitometry scans of autoradiograms 
‘showing the hybridization of DNA isolated from DNase I-treated 
nuclei to an hsp70-specific restriction fragment: heavy line, the 
194 bp deletion (the SP1.1 plasmid); light line, the —74 bp dele- 
ion; dashed line, the —43 bp deletion; dotted line, the —23 bp 
deletion. b, Densitometry scans of autoradiograms showing the 
ybridization of DNase I-treated purified plasmid DNA with an 
‘hsp70-specific restriction fragment. DNA was linearized by diges- 
tion with BglI and then treated with DNase I. The pattern obtained 
‘with the —23 deletion (not shown) was very similar to that of the 
‘43 deletion. The arrows and the vertical dotted lines mark the 
positions of the DNase I hypersensitive sites found 5’ to the 
Drosophila gene integrated into the yeast genome’ at -93, —6 and 
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OFig. 3 Summary of hsp70 deletion analysis in yeast. The two 
DNase I hypersensitive sites 5' to the Drosophila hsp70 gene in the 
plasmid SP1.1 (the —194 deletion) are shown centred at —93 and 
«6 bp (+10bp). The start of transcription is designated as +1. 
Checks denote strains in which the two parental DNase I sites 
-were observed; ‘x’, strains in which the parental hypersensitivity 
was not observed. 


the Xhol site at — 194 base pairs (bp). A series of mutant plasmids 
containing deletions extending from the XhoI site towards the 
gene were also examined for DNase I hypersensitive sites. The 
results show that deletion of the sequences between —194 and 
either ~145 (data not shown) or —74 bp (Fig. 1, lane 5) does 
not affect the 5' hypersensitivity. Densitometry scans were taken 
‘the hypersensitive regions 5’ to hsp70 in SP1.1 (Fig. 2a). The 
sults with the deletion to —74 bp indicate that the sequence 
over which the DNase I site normally forms does not itself 
specify the hypersensitivity of this site. 

Deletions to —43, —23 or +252 bp from the Drosophila start 
of transcription result in the abolition of the parental pattern 
of two 5’ DNase I hypersensitive sites. In the +252 bp deletion, 

no hypersensitivity is observed over the region 5’ to the coding 
sequences (Fig. 1, lanes 31, 32). In the —43 and —23 bp deletions, 

he two sites at -93 and ~6 bp have been replaced by a broader 
‘region of hypersensitivity centred at +42 bp (Fig. 1, lanes 8, 
17-20, 22-23). Superimposed densitometric scans of these 
autoradiograms (Fig. 2a) show clearly that the —93 site is absent 
and that the —6 site is reduced, although we cannot rule out 
~<gome cutting at this site because of the overlap with the broad 
- +42 peak. The +42 site may correspond to a minor site previously 
seen in Drosophila celis'°. Figure 3 summarizes these results. 
As controls for sequence specificity of DNase I, purified 
“plasmid DNA of each deletion was treated with DNase I over 
arange of DNase I concentrations and analysed in parallel with 
DNA from DNase I-treated nuclei. The results (Fig. 2) show 


Fig. 4 Detection of DNase | hypersensitive sites 5’ to the yeast 
his4 gene in the strains carrying the hsp70 deletions. The nitrocel- 
lulose filter shown in Fig. | was washed at 80 °C in 0.2 x SSC, 0.1% 
SDS, and hybridized with a fragment purified from the pFCI 
plasmid homologous to the yeast his4 gene (F. Chumley and G. 
Fink, personal communication}. DNA was isolated from yeast 
nuclei treated with DNase I at OUml™ (a), 10Uml™ (b), 
35U ml" (c), 100 U mi“! (d), 310 U mI (e) or 510 U mi! (f). 
Arrowheads mark the positions of fragments resulting from 
cleavages at the hypersensitive sites 5’ to the his4 gene. DNA in 
lanes 1-3 was isolated from the —194-bp deletion; lanes 4 and 5, 
the —74-bp deletion; lanes 6-9 and 10-15, two different prepar- 
ations of the strains carrying the —43 bp deletion; lanes 16-19, the 
—23 bp deletion; and lanes 20 and 21, the +252 bp deletion. These 
are the same DNA samples as are shown in Fig. I. 


that the DNase I hypersensitive sites detected in the digests of 
nuclei at positions —93, —6 and +42 bp do not result from 
sequence specificity of DNase I, but rather seem to be a con- 
sequence of chromatin structure. As an additional control, 
hybridizations were performed to show that the known hyper- 
sensitive sites 5’ to the yeast his4 gene could be detected in the 
DNA samples from intact nuclei which had been used to 
examine hypersensitive sites in the deletion mutants (Fig. 4). 

In these plasmid constructions, P-element DNA‘ replaces the 
Drosophila sequences normally found upstream of the hsp70 
gene. It is unlikely that this P-element DNA specifies the hyper- 
sensitive sites observed in the —145 and —74 bp deletions, as 
the ~—43, —23 and +252bp deletions lack these sites. 
Examination of the junction sequences formed by P-element 
DNA, the Xhol linkers used and the Drosophila hsp70 DNA at 
the deletion end points show that neither the original hsp70 
sequence nor a similar sequence was recreated in strains carrying 
any of these deletions. 

Studies of the DNA sequences affecting the SV40-hypersensi- 
tive sites’ reveal the importance of the 21- bp repeated region 
which, like the region we have identified, is itself resistant to 
nuclease and resides between two hypersensitive regions. The 
mechanism by which these sequences specify hypersensitivity 
is not known. Involvement of non-B-form DNA such as Z-DNA 
or cruciforms has been hypothesized®. Alternatively, the creation 
of DNase I hypersensitive sites may be a consequence of interac- 
tions between the DNA sequence and a protein factor’. Wu? 
has identified a protease-sensitive factor in isolated nuclei from 
non-heat-shock treated cells which blocks the progress of ExoII 
digestion in the region between hypersensitive sites (—40 to 
—12 bp). In addition, transcription factors isolated from 
Drosophila cells have been reported to bind specifically to 
sequences in and between the hsp70 hypersensitive sites", Pel- 
ham’ has observed that a sequence centred at —55 bp from the 
start of transcription of the hsp70 gene, and found upstream 
from other Drosophila heat shock genes, is required for heat- 


shock induction of the Drosophila hsp70 gene in monkey cos a8 
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cells. The lack of DNase I hypersensitive sites in the —43 and 
~23 bp deletions could result from deletion of a necessary 
protein-binding site. The Drosophila hsp70 gene is transcribed 
in yeast!“ and appears to be induced approximately fourfold in 
response to heat shock (J. de Banzie and J.T.L., unpublished). 
Assuming that regulation of this gene in yeast is qualitatively 
similar to that in other heterologous systems, our results agree 
with the hypothesis that DNase I hypersensitive sites are gener- 
ated through a sequence element that is required for regulated 
expression. Resolution of the precise relationship between 
chromatin structure and gene expression of this Drosophila gene 
will require a thorough analysis of similar deletions stably trans- 
“formed in Drosophila. 
We thank V. Vogt and E. Keller for valuable discussions and 
© for comments on the manuscript. This work was supported by 
© NIH grant GM25232. 
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The primary function of a,-antitrypsin (a,-AT), an antiprotease 
produced by the liver, is the inhibition of neutrophil elastase, a 
‘protease capable of hydrolysing most connective tissue com- 
ponents'*. The importance of a,-AT is demonstrated by the high 


-incidence of early-onset emphysema in individuals with hereditary 


a,-AT deficiency (Type PiZZ), in whom serum levels of a,-AT 
are 10-20% of normal” ™®. Oxidants in tobacco smoke can inacti- 
vate a,-AT in vitro'"?, and studies have shown that a,-AT from 
the lungs of individuats who smoke cigarettes may also be partially 
inactivated, perhaps explaining the high incidence of emphysema 
associated with cigarette smoking'’*"*. Oxidative inactivation is 
probably due to modification of the Met residue (Met?) at the 
P1 subsite position of the elastase binding site of the protein'*"*, 
To study the possibility of modulating the biological properties 
of a,-AT, we have introduced selected sequence modifications at 
the reactive site by in vitro mutation of a cloned a,-AT complemen- 
tary DNA. We describe here the characterization of two a,-AT 
analogues produced in Escherichia coli. The first, a,-AT(Met**5 > 
Val), is not only fully active as an elastase inhibitor but is also 
resistant to oxidative inactivation. The other, a,-AT(Met*™ > 
Arg), no longer inhibits elastase but is an efficient thrombin 
inhibitor. The active site of the latter is identical to that of the 
a@,-AT (Pittsburgh) variant, which was associated with a fatal 
bleeding disorder ™”, 

= Studies on the reactivity of various serine proteases towards 
synthetic. oligopeptide substrates have identified subsite 
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AT itt ie lle Ala Gly |Arg|Ser Leu Asn Pro. Asn 
GTG ATT GCT GGC/CGTITCG CTA AAC CCC AAC 


= ae Glu Ala fle Proj Argi Ser We Pro Pro Glu 
orm AT(Met 358—Ar9) GAG aco ATA Paa ATC CCC CCC GAG 
Glu Ala He ProfVal]Ser die- Pro Pro Gio. 
a1~ AT(Met358—Val) GAG GCC ATA CCC|GTG|TCT ATC CCC CCC GAG 
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Fig. 1 Structure of the E. coli expression vector and active si 
sequences of a,-AT, antithrombin III, a,-AT(Met??’ > Val) a 
a,-AT(Met*** > Arg). Transcription from the promoter P, is con- 
trolled by the host-encoded temperature-sensitive repressor ¢1857 
(ref. 20). Translation is initiated at a chemically synthesized ribo- 
some binding site which was inserted downstream from P; at the 
Hpal site in the N gene*!'. The host used was E. coli TGE900 
(F~ su“ ilu” his” bio(AcI857A BamAHD)]. The dotted area represent 
mature a,-AT protein coding sequences and the inner cross- 
hatched zone corresponds to the @,-AT reactive site, The g- 
lactamase gene, the truncated N gene (N') and the lacZ’ gen 
represented by the open areas. Standard nomenclature is use 
the subsite positions. Bere 
Methods: a,-AT variants were obtained by oligonucleot 
directed mutagenesis essentially by methods already described? 
Briefly, the a,-AT-coding fragment Bglll- PstI was subcloned into 
M13mp701 (D. R. Bentley, personal communication) and single 
strand phage DNA was hybridized to the oligonucleotides 
described in the text. Oligonucleotide-primed second-strand syn 
thesis was carried out using DNA polymerase I (Klenow fragment) 
(Boehringer Mannheim) and the double-strand product then used 
to transform E, coli JM103. Mutant-containing plaques were iden- 
tified by screening in stringent conditions (3 x SSC, 50 °C) with the 
original oligonucleotides. The nucleotide sequence of the mutant 
clones was verified using the dideoxynucleotide chain termination 
method™’. General methods and the use of the various enzymes. 
have been described elsewhere??? t25, : 














sequence preferences for the various proteases™’. As a,-AT and 
other inhibitors act as substrate analogues™?, such studies su 
gest that minor sequence changes at the inhibitor active sit 
should drastically alter its reactivity or specificity. Thes 
studies'” showed that both human neutrophil elastase and por- 
cine pancreatic elastase prefer a Val to a Met P1 residue at the 
substrate cleavage site. Because, unlike Met, Val cannot be 
oxidized, substitution of Val for Met at the a,-AT reactive sit 
should give a protein that has the same elastase inhibitor 
capacity while being resistant to oxidative inactivation. To te 
this hypothesis, we have produced a,-AT(Met*** > Val) in E. 
coli, We have also recreated the naturally occurring @;-A' 
(Pittsburgh) mutation, (Met > Arg), and produced. this 
modified protein in E. coli. es 

The isolation of a human a,-AT cDNA clone and its 
expression in E. coli have been described elsewhere”. Efficient 
production of the a,-AT variants in E. coli was achieved by 
using the expression vector shown in Fig. 1. The unmodified 
a,-AT gene fragment was removed from the expression plasmid 
and subcloned into a M13 phage vector. Single-stranded phage 
DNA was used as target for oligonucleotide-directed muta- 
genesis of the a,-AT sequence. The oligonucleotides used, 5’- 
ATAGACACGGGTATG-3’ and 5'-ATAGACCTGGGTATG-3’, 












Fig. 2 Polyacrylamide gel electrophoresis of labelled extracts of 
E. coli producing modified and unmodified a,-AT. @,-AT syn- 
thesis was achieved by shifting the temperature of cultures (at ~ 108 
‘ells mi”') from 28 to 37 °C. Aliquots of cultures, induced at 37 °C 
< for Sh, were labelled for 1 min with *°S-methionine (Amersham). 
Samples of total cell extracts were analysed on 10% SDS-poly- 
_ acrylamide gels followed by fluorography and autoradiography. 

Lane |, extract containing unmodified a,-AT; lane 2, control 
extract (expression vector alone); lane 3, extract containing 
a,-AT(Met’* > Val); lane 4, extract containing a, -AT(Met** > 
Arg). The arrow marks the position of a,-AT. 


were complementary to the region encoding the o,-AT active 
ite and each contained the appropriate mismatch at codon 358. 
Both variants involved substitution of one nucleotide only: 
G> GTG for Met”! > Val and ATG» AGG for Met’™ > Arg 
0 1). After verification of the nucleotide sequence, the 
mutated genes were transferred back to the expression plasmid 
and examined for expression. 
Polyacrylamide gel electrophoresis of E. coli extracts pulse- 
labelled with *°S-methionine showed that «,-AT(Met***= Val) 
nd a,-AT(Met’* > Arg) were synthesized efficiently and at the 
level as unmodified a,-AT (Fig. 2). In each case a strong 
band of equal intensity was induced which corresponded in size 
» nonglycosylated mature a,-AT (relative molecular mass 
9.000) and which was immunoprecipitated with antiserum 
sed against plasma a,-AT (not shown). Radial immune 
iffusion assay (not shown) of sonicated culture supernatants 
emonstrated that the modified and unmodified a,-AT proteins 
ccumulated to comparable levels (~3x10° molecules per 


a 


Cleared sonicated extracts prepared from induced cultures 
ontaining either unmodified a,-AT or a,-AT(Met?*’ -> Val) 
ere tested for their ability to inhibit human neutrophil elastase 
and porcine pancreatic elastase. The inhibition curves (Fig. 34,5) 
ndicate that a,-AT(Met>°® > Val) retained the ability to inacti- 
‘wate both elastases efficiently. Although plasma a,-AT, oxidized 
in vitro, is no longer able to inhibit porcine pancreatic elastase, 
there is significant residual inhibition of human neutrophil elas- 
“tase (kgs =3 X10*m™'s”', compared with 6.5 x 10’ m™ s™' for 
the unoxidized form)'®. For this reason, the effect of oxidation 
“the E. coli-produced inhibitors was tested with the porcine 
zyme. Oxidation of unmodified a,-AT using N-chlorosuc- 
cinimide led to complete inactivation of the protein (Fig. 3c), 
whereas in the same conditions, a,-AT(Met®* > Val) retained 
almost full antielastase capacity (Fig. 3d). This confirms that 
oxidative inactivation is caused primarily by modification of the 
eactive site Met. It appears, therefore, that a,-AT(Met*** > Val) 
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Fig.3 Inhibition of elastase by a,-AT and a,-AT(Met™ > Val) 
and the effect of oxidation by N-chlorosuccinimide. a, b, Inhibition 
of human neutrophil elastase (a). and porcine pancreatic 
elastase (b) with culture extracts containing a,-AT (@) and 
a,-AT(Met?>* > Val) A. c, Porcine pancreatic elastase with culture 
extracts containing a,-AT untreated (@) and treated with 10 mM 
N-chlorosuccinimide (@); d, porcine pancreatic elastase with cul- 
ture extracts containing @,-AT (Met™™ > Val) untreated (A) and 
treated with 10 mM N-chlorosuccinimide (W). 

Methods: Extracts of E. coli cultures, induced as described in Fig. 
2 legend, were prepared by sonication and total protein concentra- 
tion was estimated using a standard assay (BioRad). Concentra- 
tions (pmol) of a,-AT were calculated based on radial immune 
diffusion (RID, Calbiochem) assay of a,-AT content. in -the 
extracts. Elastase assays were performed using either 50 ng human 
leukocyte elastase (Elastin Products) or 150 ng porcine pancreatic 
elastase (Sigma) preincubated for 30 min at- 23°C with increasing 
amounts of cell extracts before addition of 2mM substrate ( N- 
succinyl-Ala-Ala-Pro-Val-p-nitroanilide;. Calbiochem). Initial 
reaction rates were measured by monitoring change in absorbance 
at 410 nm. Oxidation was carried out by preincubation of culture 
extracts in the presence of 10mM N-chlorosuccinimide (Ega- 

Chemie). 


is both an efficient elastase inhibitor and resistant to oxidation. 

A large reduction in elastase inhibitory capacity in the lung 
may result in extensive damage to the relatively fragile alveolar 
walis. Although the evidence is controversial"? this may occur 
in individuals who are heavy cigarette smokers, because of direct 
inactivation of a,-AT by oxidants in cigarette smoke and/or 
oxygen radicals released. by stimulated macrophages. and 
neutrophils in the alveolar structures’*"*. In this context, a,- 
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Fig. 4 Inhibition of human neutrophil elastase and thrombin by 
a,-AT and a,-AT(Met*** > Arg). a, Elastase inhibition by E. coli 
extracts containing a,-AT (O) and a,-AT(Met*** > Arg) (@); b, 
thrombin inhibition by extracts containing a,-AT (O) and a,- 

AT(Met®* > Arg) (@); c, thrombin inhibition by purified anti- 
thrombinIII without (A) and in the presence of heparin (A); d, 
thrombin inhibition by extracts containing a,-AT(Met** > Arg) 
without (@) and in the presence of heparin (O). 

Methods: Human thrombin (0.24 U, Sigma) was preincubated for 
20 min at 23°C -with increasing amounts of culture extracts contain- 
ing inhibitor. After addition of 0.1mM substrate (Chromozym 
TH, Boehringer Mannheim), initial reaction rates were obtained 
by measuring the change in absorbance at 410mm. Where indi- 

cated, preincubation contained 0.15 U heparin (Sigma). 


AT(Met*** > Val) could be a particularly effective therapeutic 
agent in the treatment of.a,-AT deficiency or in protecting the 
lung in situations of increased oxygen burden. Furthermore, 
because a,-AT(Met*** > Val) is resistant to oxidative inactiva- 
tion, its preparation and storage may be easier than with natural 
a,-AT. This is particularly important because of the large quan- 
tities of intravenously administered natural a,-AT (~4g per 
week) likely to be necessary for effective therapy of a,-AT- 
deficient individuals’. 

Antielastase activity was not detectable in extracts containing 
a,-AT(Met***-» Arg) (Fig. 4a). However, in contrast to the 
unmodified a,-AT, this protein showed significant thrombin 
inhibitory capacity. This observation is of interest because a,- 
AT and antithrombin III share 29% amino acid sequence 
homology, suggesting that they evolved by divergence from a 
common ancestral protease inhibitor". Examination of the 
= sequence of the reactive site of antithrombin IT] (see Fig. 1) 
_ shows a Pl Arg residue, the preferred cleavage position of 


LETTERSTONATURE a 












thrombin. The fact that a single Met Arg replacement at PI 
converts a,-AT to an inhibitor of thrombin suggests that the P1 
position is crucial in determining the specificity of the inhibitor. 

As heparin is known to accelerate plasma antithrombin IHI 
inhibition of thrombin, probably by inducing a conformational 
change i in the antithrombin HI (refs 25, 26) and/or thrombin 
itself“, we compared the effect of heparin on antithrombin 
II and Bie -AT(Met***> Arg). Whereas hepari Ci 
ability of plasma antithrombin IH to inhibit thrombin (Fig. 4c), 
this effect was not observed with a,-AT( Met" > Arg) (Fi 
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in patients at cisk, for example following: surgery, \ 
doses are used to treat acute thrombosis. There is, how 
attendant risk of bleeding with the use of heparin, espe al 
high doses, where the incidence of severe haemorrhage is 
10% (ref. 30). Thus, there is a need for alternative antithr 
agents that display reduced side effects. In this context 
intend to assess E. coli-produced a,-AT (Met™® > Arg). 

The present results illustrate the power of recombinant DNA 
techniques to manipulate with precision the fine structur 
complex proteins. This permits detailed analysis of the 
of action and the design of new molecules for a defined pi 
We show here that site-directed mutagenesis of the reactive 
of a,-AT can produce proteins with altered or improved proper: 
ties. These new inhibitors have potential in the therapy 
emphysema and thrombotic disease. 
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Phenylalanine 87 of yeast iso-l-cytochrome c (Phe 82 in horse 
art and bonito) is phylogenetically conserved’ and occurs near 
surface of the protein’. It has been suggested that this residue 
is directly involved in electron transfer between cytochrome c and 
‘chrome c peroxidase (CCP) and may also control the polarity 
e haem environment“. Because Phe residues are not susceptible 
hemical modification, no. direct means of studying the func- 
nal role of Phe 87 has been available, so we have chosen Phe 87 
‘as our initial | target here to test the feasibility of using site-directed 
mutagenesis as a means of studying structure—function relation- 
ships in cytochrome c. We have changed the codon for Phe 87 to 
that of either a Ser, a Tyr or a Gly. The mutated genes have been 
troduced into a yeast strain’ lacking both isozymes of cyto- 
chrome c. Unlike the recipient strain, transformants grow on a 
non-fermentable carbon source, indicating that the mutant proteins 
can reduce cytochrome oxidase’. The purified mutant proteins are 
similar to wild type with respect to their visible spectra®, 20-70% 
as active as wild-type protein in the CCP assay’, and their reduction 
potentials are lowered by as much as 50 mV. Thus Phe 87 is not 
essential for cytochrome c to transfer electrons but is involved in 
termining the reduction potential. 

For in vitro mutagenesis, a 2.5-kilobase (kb) BamHI-HindI1 
agment of established DNA sequence (refs 10-12 and D. W. 
ung and M.S., unpublished results) containing the iso-1- 
cytochrome c gene (CYC) locus has been inserted into M13mp8 
(ref. 13). The recombinant vector was mutated by the procedure 
of Zoller and Smith’ or a simpler, two-primer method as shown 
in Fig. 1 (ref. 14 and M. J. Zoller and M.S., unpublished) using 
the synthetic oligodeoxyribonucleotides shown in Fig. 2. 
Mutants of CYCI in Mi3mp8 were detected by probing with 
YP.labelled mutagenic oligodeoxyribonucleotides using empiri- 
cally established stringent hybridization>'*'® of either phage 
dot-blots or plaque-lifts'’. The efficiency of mutagenesis, as 
termined by hybridization screening, was 8%, 13% and 15%, 
‘respectively, for mutants containing Ser 87, Tyr 87 and Gly 87. 
The mutations were confirmed by DNA sequence determination 
using the chain terminator method (Fig. 3)'*'°. 

The double-stranded 2.5-kb fragment for the wild type and 
for each of the mutants was isolated and cloned into the yeast 
huttle vector YEp213 (ref. 6). The recombinant plasmids were 
lated. via Escherichia coli MM294 (ref. 20) and used to trans- 
form the Saccharomyces cerevisiae recipient strain GM-3C-2 by 
the LiCl method”’. Strain GM-3C-2 carried leu2 and trp! markers 
and a deletion mutation (cyc/-/) and a point mutation (cyp3-1) 
which eliminate and inactivate the genes for iso-1- and iso-2- 
cytochrome c, respectively’. Therefore GM-3C-2 cannot grow 
on glycerol or lactate. To avoid selection for genomic revertants 
‘in the genes for cytochrome « c, transformants were first selected 
for leucine prototrophy. Leu” transformants containing the wild- 
“type iso-l-cytochrome c and the three mutants all grow on 
glycerol or lactate as sole carbon source, indicating that the 
-gene product can reduce cytochrome oxidase in all four cases. 
< The plasmids were recovered from the transformants via 
~ MM294”, and the double-stranded DNA was sequenced to 
‘ye-confirm the presence of the mutations. Curing the four yeast 
transformants of their respective plasmids causes their 
henotypes to revert to that of GM-3C-2, which indicates that 
o reversion in cycl-1 or cyp3~1 had occurred. 

‘Cells containing the mutated genes were grown to saturation 
(3x10? cells per ml) on glycerol, and the cytochromes ¢ were 
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Fig. 1 Schematic representation of 2-primer mutagenesis. The 
primers are not drawn to scale. The 5'-phosphorylated (15 pmol) 
mutagenic oligodeoxyribonucleotide primer and the M13 universal 
primer (7.5 pmol) were annealed to the template (0.5 pmol) in a 
total of 12 ul and then elongated (17.5 h) and ligated”, The reaction 
mixture was diluted 1 to 10, and 1 pl was used to transform 
competent E. coli JM101 cells. This resulted in about 200 clear 
plaques. A plaque lift'’ and subsequent screening with the 5’-**P- 
labelled’ mutagenic oligodeoxyribonucleotide revealed an 
efficiency of 15%. Several positive plaques were picked, plated out 
and DNA from individual plaques was screened using dot-blot 
hybridization’. 


3 5° 
GGGTGGTTTCCGGTA Template 


3 
CCCACCAAAGGCCAT Phe (wild type) 
CCCACCAGAGGCCAT Ser 
CCCACCATAGGCCAT Tyr 


CCCACCACCGGCCAT Gly 


Fig. 2 The oligodeoxyribonucleotides used to effect site-directed 
mutagenesis at codon 87 of the sense strand of yeast iso-1-cyto- 
chrome ¢ gene. They were synthesized on glass beads using the 
chemistry described in ref. 26. The preparation of the intermediate 
diisopropyl phosphoramidites and the protocols for manual syn- 
thesis, deprotection and purification are described in ref. 27. 





"ork Tefaartc|aa T clo atc 


Fig.3 Comparison of wild-type (phe) and mutant sequences (ser, 
tyr and gly) by chain-terminator sequencing’*"”, The site of each 
mutation is indicated by an arrow. The sequence is that of the 
anti-sense strand of CYC! (ref. 11). Thus, the codon number 
increases from top to bottom and the triplet of A resides in the 
wild-type sequence represents the complement of the Phe 87 codon 
as shown in Fig. 1. The sequencing primer was 5’-CATGATAT- 
CGASCAAAG-3’ which primes 90 base pairs upstream from the 
A triplet. This 8% polyacrylamide gel was electrophoresed for 2h 
at 1,500 V. : 
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Table 1 Amino acid analysis of purified wild-type and mutant cytochromes c 









Amino acid 


Sample 
(average residues per molecule) 






Wild type”? Phe 87 Ser 87 Tyr 87 Gly 87 

Ala 7 7.3 (0.1, 16)* 7.5 (0.3, 15) 7.3 (0.2, 12) 7.3 (0.1, 14) 

Arg 3 3.5 (0.6, 16) 3.5 (0.4, 16) 3.6 (0.1, 12) 3.5 (0:2, 14) 

Asx i 11.2 (0.4, 16) 11.3 (0.3, 15) 11.2 (0.4, 12) 11.2 (0.3, 14) ` 

Cys 3 2.4 (0.5, 6) 2.7 (0.6, 6) 2.9 (0.5, 3) 2.9 (0.4, 4) 

Gix 9 9.4 (0.4, 16) 9.2 (0.2, 15) 9.3 (0.3, 12) 9.4 (0.3, 14) 

Gly 12 12.0 (0.8, 16) 12.3 (0.4, 15) 11.8 (0.4, 12) 12.9 (0.2, 14) 
His 4 4.0 (0.2, 16) 4.0 (0.2, 15) 4.1 (0.1, 12) 4.1 (0.2, 14) 
lle 4 3.5 (0.3, 16) 3.4 (0.4, 15) 3.8 (0.3, 12) 3.5 (0.3, 14) 
Leu 8 7.9 (0.4, 16) 7.7 (0.2, 15) 7.9 (0.2, 12) 8.0 (0,2, 14y 
Lys 15 14.9 (1.2, 16) 15.2 (1.0, 15) 14.8 (0.6, 12) A (h2; 14) 0 
Met 2 1.7 (0.4, 8) 2.0 (0.2, 8) 2.2 (0.3, 8) 1.9-(0.2, 12) 
Phe 4 3.8 (0.5, 16) 2.8 (0.3, 15) 2.9 (0.1, 12) 3.0 (0.3, 14) 
Pro 4 4.3 (0.4, 16) 4.7 (0.6, 15) 5.0 (0.8, 12) 43 (04,14) 
Ser 4 3.7 (0.3, 12) 4.7 (0.3, 15) 3.8 (0.3, 12) 3.9 (0.4, 14) 

Thr 8 7.6 (0.4, 16) 7.6 (0.2, 15) 7.6 (0.2, 12) 7.8 (0.2, 14). 

Trp ! 1 1 l 1 oan 

Tyr 5 4.9 (0.3, 10) 4.6 (0.3, 9) 6.0 (0.1, 8) 4.4 (0.2, 10) 

oo Mal 3 3.0 (0.2, 16) 2.7 (0.3, 15) 2.8 (0.5, 12) 3.0 (0.1, 14) 
~ thyst 1 0.9 (0.2, 12) 1.1 (0.2, 15) 1.1 (0.1, 12) 1.1 (0.2, 14) 





Hydrolyses were carried out in 6 M HCI at 112°C and 0.1 mm Hg after purging with N,. Cys was determined as cysteic acid after performi 
oxidation. Met was quantified as itself or as methionine sulphone. Trp content was estimated from inspection of the near-UV spectrum. Calcul 
were based on the total no. of nmoles of amino acids detected in a chromatogram over the total no. of residues in the protein. ® ; 


* In parenthesis: standard deviation, no. of determinations. 
ttLys, N°-trimethyl lysine”. 


purified by a procedure” that readily separates the two isozymes 
and their derivatives. No band for iso-2-cytochrome c was 
observed in preparations from any of the transformants, suggest- 
_. ing that a reversion had not taken place. More than 3 mg of 
< Cytochrome c were obtained per litre of culture. The results of 
_- amino. acid analyses (Table 1) indicate that the amino acid 
content of the mutant proteins is identical to that of the wild-type 
protein except that each mutant lacks one Phe residue and has 
gained, depending on the mutant, either a Ser, Tyr or Gly residue. 
The peak positions in the visible (750-325 nm) spectra of both 
the oxidized and reduced mutant proteins are within 2.5 nm and 
the relative intensities of the maxima are within 10% of the 
values for the wild-type protein®. That these mutations have 
little effect on the visible spectra is not surprising, as Phe 87 is 
more than 5 A away from the haem chromophore. Ligation of 
Met to the iron atom in all of the mutants is apparent from the 
presence of the band at 695 nm in each case. The near-UV 
< difference spectra (oxidized mutant proteins minus wild type) 
__ all show a feature near 290 nm, probably indicating movement 
__ of the sole Trp residue. The difference spectrum for the Tyr 87 
_ mutant between 265 and 280 nm is very nearly the spectrum of 
free tyrosine, as would be expected when Phe is replaced by Tyr. 
The oxidation of reduced cytochrome c with 0.6nM CCP 
(purified from commercial yeast as described in ref. 23) and 
170M H,0, in 0.2M Tris-HCl, pH7.0 was followed at 
550 nm’. At a cytochrome c concentration of 5 uM, the Ser, Tyr 
, and Gly-87 variants are approximately 70%, 30% and 20% as 
> active as the wild-type protein, respectively. The activities are 
reproducible to within 2% and cannot be accounted for by 
autocatalytic oxidation of the mutant cytochromes c because 
the ratio of autocatalytic to enzymatic initial velocities is always 
greater than 12 for both the wild-type and mutant proteins. 
‘Preliminary electrochemical experiments using an optically 
transparent thin-layer electrode” indicate that the reduction 
potentials of the Ser 87 and Gly 87 proteins are equal and 50 mV 
lower than the Tyr 87 and the wild-type protein. This is as 
expected if, as implied by Kassner‘, the function of Phe 87 is 
to control the polarity of the haem environment by excluding 
water. It follows that replacement of Phe 87 with Gly or Ser 
allows greater solvent access to the haem. The Nernst slopes 
Observed with the wild-type and mutant proteins provide further 
vidence of their homogeneity. 






















These results demonstrate that Phe 87 is not an absolu 
requirement for electron transfer between cytochrome can 
CCP or cytochrome oxidase, although all three mutations red 
the rate of reaction with CCP. The relative activities reporte 
here do not correlate with the effects of the mutations 6 
potentials alone, so alteration in protein-protein interaction 
likely to be an important consideration. As with any kineti 
experiment, one cannot rule out the possibility that Phe 
functions as suggested’ in the wild-type protein, and that i 
replacement simply reveals alternative, less efficient pathway 
for electron transfer. Further studies, including a detailed stead 
state kinetics analysis, are planned to provide insight into the 
mechanistic basis of these observations. TE 
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‘in DNA are of considerable interest, both 
e examples of sequence-dependent structural 
heterogeneity and as models for four-way junctions such as the 
Holliday junction’ of homologous genetic recombination. 
Cruciforms are of lower thermodynamic stability than regular 
duplex DNA, and have been observed only in negatively supercoiled 
molecules**, where the unfavourable free energy of formation is 
offset by the topological relaxation of the torsionally stressed 
molecule. From an experimental viewpoint this can be a disadvan- 
tage, as cruciform structures can be studied only in relatively large 
supercoiled DNA circles, and are destabilized when a break is 
troduced at any point. We therefore set out to construct a 
pseudo-cruciform junction—by generating hereroduplex forma- 
tion between two inverted repeat sequences. Stereochemically, this 
ld closely resemble a true cruciform but remain stable in a 
r DNA fragment. We have now created such a junction and 
that it has the expected sensitivities to endonucleases. These 
DNA fragments exhibit extremely anomalous gel electrophoretic 
mobility, the extent of which depends on the relative position of 
the pseudo-cruciform along the length of the molecule. Our results 
are very similar to those obtained by Wu and Crothers’ using 
inetoplast DNA, and we conclude that the pseudo-cruciform 
unction introduces a bend in the linear DNA molecule. 
< Cruciform-like structures that are stable in linear DNA 
molecules are desirable for several reasons. First, the four-way 
- junction is very interesting both intrinsically and as a model for 
- the Holliday junction. The stereochemistry of this junction can 
be probed in supercoil-stabilized cruciforms, as illustrated by 
udies with the resolving enzyme T4 endonuclease VII (refs 8, 
<9). However, more detailed analysis requires a stable junction. 
Second, the usefulness of immunochemical techniques for study- 
_ingalternative DNA structures’° suggests that a similar approach 
for cruciforms might be worthwhile. Attempts to raise antibodies 
upercoiled DNA species are likely to be frustrated by the 
action of nucleases in serum, however, and an immunogen that 
iS. dependent of topology is therefore required. Third, we wish 
to investigate the possible existence of cellular proteins that 
ifically bind four-way junctions, and a DNA fragment con- 
taining a pseudo-cruciform junction should provide a suitable 
tool for the search. 
Four-way junctions have been obtained in vitro in several 
ways, including cell-free recombination’ , isolation of strand- 
exchange forms of 2p DNA from yeast’? "and hybridization of 
phage A att-B and att-P sites*, while chemical construction of 
a stable four-way junction has "been reported by Kallenbach er 
al, The latter species may be very useful for crystallographic 
and spectroscopic studies, but their small size hampers enzy- 
matic investigation. The basic principle of the approach adopted 
by us (Fig. 1) involves heteroduplex formation between two 
inverted repeats of unrelated sequences which are flanked by 
identical sequences. In these circumstances the sequences 
_ hybridize perfectly except for the region of 2-fold symmetry, 
_ where duplex. formation is prevented by the absence of 
h iology. Rather than remaining as a simple unpaired bubble, 
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Fig. 1 Construction of a pseudo-cruciform junction by hybridiz- 
ation of two inverted repeats. Plasmid molecules containing inver- 
ted repeats of unrelated sequence were constructed by inserting 
into plasmid pAT153 (ref. 21) oligonucleotide fragments (the con- 
struction of pIRbke8 is described in ref. 14) or an inverted dimer 
of the BamHI-Hindlll fragment of the polylinker from phage 
mi3mp8 (ref. 13). These inverted repeats, each residing in the 
BamHI site of the parent vector, are shown as filled and open 
boxes, respectively. R, EcoRI site; B, BamHI site; $, Sall site. 
The ~680-bp EcoRI-Sall fragments. were excised from pIRbke8 
and piRbphi3 (restriction sites contained within the inverted 
repeats necessitated partial digests), subcloned into the phages 
ml3mp9 and mi3mp8'*, respectively, and propagated in 
Escherichia coli JM103. M13 phage was recovered from cellular 
supernatants by precipitation with 20% polyethylene glycol, 2.5 M 
NaCl on ice. Redissolved phage was extracted with phenol and 
the single-stranded DNA precipitated with ethanol. In a typical 
hybridization, 30 pg of each DNA species was incubated at 65 °C 
for 3h in 0.15 M Natl, 0.015 M Na-citrate in a total volume of 
$0 pl. The hybridized DNA was then ethanol precipitated, redissol- 
ved in water and cleaved by restriction enzymes as directed by the 
manufacturer (New England Biolabs or Bethesda Research Labs). 
DNA fragments containing a pseudo-cruciform were purified by 
gel electrophoresis on 5% polyacrylamide, excision of the 
appropriate ethidium bromide stained bands and electroelution 
onto DEAE cellulose (Whatman). The fragments were recovered 
from the resin by elution with 2M NaCl, and ethanol-precipitated. 


however, the two inverted repeats can undergo intra-strand base 
pairing. Although stereochemically identical to a cruciform, the 
structure obtained is not a true cruciform because the nucleotide 
sequences of the two arms are unrelated by symmetry. Unlike 
a true cruciform, this structure cannot be converted to a perfect 
duplex, and will therefore remain stable in an unstressed 
molecule. 

We used plasmid pAT153 as the parent cloning vector and 
generated two recombinant molecules by constructing inverted 
repeats at the unique BamHI site. Plasmid pI Rbke8 contains a 
32-base pair (bp) BamHI- EcoRI- BamHI inverted repeat con- 
structed by cloning two synthetic oligonucleotides'*, while 
piRbphi3 contains a 46-bp BamHI-Hindlll-BamHI inverted 
repeat created by self-ligation of the Bam HI-HindllI region of - 
the polylinker of phage mi3mp8. Both species. undergo 
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Fig. 2 A pseudo-cruciform is sensitive to S, nuclease and T4 
endonuclease VIL Gel-purified EcoRV-Hinfl fragment was in- 
cubated with 5 U S, nuclease (BRL) for 12h at 4°C and loaded 
directly onto the gel. The fragment was separately incubated 
with 500 U T4 endonuclease VII in 50 mM Tris pH 8.0, 10 mM 
MgCl, 10mM gB-mercaptoethanol, 250 ug mi”! bovine serum 
albumin for 3h at 37°C, and again loaded directly onto the gel. 
5% polyacrylamide gel electrophoresis was performed in 90 mM 
Tris pH 8.3, 90 mM borate, 10 mM EDTA at ambient temperature 
for 16h. Tracks (left to right) contained: M, marker DNA frag- 
ments (size in base pairs) derived by cleavage of phage ®X174 RF 
DNA with Alul; P, EcoRV-Hinfl pseudo-cruciform fragment: E, 
fragment after cleavage by T4 endonuclease VII; S, fragment after 
cleavage by 8, nuclease. The diagram shows the positions of the 
pseudo-cruciform and the EcoRV and Hinfl restriction enzyme 
targest. Fragment lengths are calculated to the bases of the pseudo- 
cruciform arms. 


cruciform formation in the supercoiled plasmids. Heteroduplex 

-formation between these molecules has been achieved, but the 
-` results are complicated by the mixture of two possible heterodu- 
plex and two homoduplex products. We have simplified this 
situation to a single heteroduplex by introducing a further sub- 
cloning step in a single-strand DNA phage. The ~680-bp 
EcoRI-Sall fragments of pIRbke8.and pIRbph13 were purified 
and cloned into. phages m1 3mp9 and mi3mp8 (ref. 15), respec- 
tively. Because the cloning sites of these two vectors are in 
opposite orientations, the single-stranded DNA of the phage 
contains EcoRI-Saill inserts that are complementary and can 
therefore be hybridized. As the phage always encapsidates the 
same (+ )-strand, only one heteroduplex product can result. Just 
as for the above situation, the hybrid may form along the entire 
length of the EcoRI-Sall region (the rest of the phage DNA 
remains unhybridized as it is all the same strand), except for 

“the region of the inverted repeat, where a pseudo-cruciform 
results. The many restriction enzyme target sites present along 
this DNA enable the fragment containing the pseudo-cruciform 
to be cleaved out and purified. 

DNA fragments containing this pseudo-cruciform can be 
¿cleaved by nucleases to which cruciforms are sensitive. Figure 
=> 2- shows the cleavage of the EcoRV-Hinfl fragment by S, 
nuclease and. T4 endonuclease VII. In each case the pseudo- 
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cruciform fragment is completely digested and two ‘half-fra; 
ment’ bands are generated. With S, nuclease, these are 244 ai 
18725 bp in length, consistent with the removal of the entir 
pseudo-cruciform. This is to be expected, as cleavage of the 
cruciform loops and separation of the half-molecules leaves 
remaining ‘stem’ DNA unable to form base pairs, and therefo 
sensitive to S, nuclease. In contrast, T4 endonuclease Vil cleav 
diagonally across the four-way junction®’, *, producing fragm 
which should be longer by a single stem-length, an 
measured lengths of 263 and 199+ 5 bp are in good agree 
with this. The resolvase is extremely structure-specific, and. ro 
ably provides the strongest evidence for the existence of t 
pseudo-cruciform. Cleavage by S, nuclease also genera 
small proportion of material migrating at ~600 bp. We have not 
investigated this species in detail, but suspect that it may resi 
from S, nuclease cleavage on one cruciform arm only, possi 
creating a flexible joint. This species is not produced by ` 
endonuclease VII, which always introduces simultaneo 
double cleavages. The arms onthe polylinker side of the į seu 
cruciform are sensitive to Pst] and Sall (detected i 
5’-termini generated), but the hybrids are totally refracto 
cleavage by EcoRI and HindIII, the sites for which sho 
present in the loops. Taken together, these data provide stron: 
evidence for the generation of a cruciform-like four 
junction. 
Comparison of the migration of the pseudo-cruciform ra 
ment with the marker DNA fragments shows (Fig, 2) that its 
mobility in 5% polyacrylamide is anomalously slow, unlike a 
of the component molecules. Table 1 shows the apparent mob 
ity of the ~400-bp EcoRV-Sph1 fragment as a function of th 
gel matrix. Whereas, in agarose, the migration is only: slightly 
anomalous, in 5% polyacrylamide the fragment has the appare 
mobility of a 660-bp fragment, and the anomaly increases w 
polyacrylamide concentration. This behaviour is total 
independent of the strength of the electric field, but is sensiti 
to the gel temperature during the electrophoresis run. The effie 
is so striking that we considered possible causes other than tt 
frictional drag of the pseudo-cruciform arms. We had suspec 
previously that such a junction might affect the geometry of tt 
entire molecule, perhaps in a way reminiscent of the bendi 
sequence of kinetoplast DNA. Following Wu and Crothers’, we 
therefore investigated whether the relative position of the 
pseudo-cruciform on the fragment affected the migration 
anomaly. The nature of the procedure for obtaining the D) 
prevented us from using rigorous cyclic permutations of frag- 
ments. Nevertheless, by choosing various combinations: of 
restriction enzymes (Fig. 3a), it was possible to prepare a series 
of fragments in which the position of the pseudo-cruciform 
varied from a central location to sites close to either end. B: 
examining the migration of some typical fragments (Fig. 3b 
and plotting apparent size divided by calculated length 
function of relative pseudo-cruciform position (Fig. 3c), w 
found that the degree of migration anomaly is profoundly aff 
ted by pseudo-cruciform position. When the pseudo-cruciform 
is central, its retarding effect on migration is much greater than 
when it is at either end, and intermediate positions have corre- 
spondingly intermediate relative mobilities, giving a smo 








Table 1 Anomalous electrophoretic migration of a pseudo-crucifé rm 
fragment as a function of gel concentration 
Gel matrix Apparent sizes (bp) 
2% agarose 445 
5% polyacrylamide 660 
8% polyacrylamide 850 
12% polyacrylamide 1,750 
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The apparent size of the 400 bp EcoRV-Sphi pseudo-cruciform frag- 
ment was estimated in each gel matrix by interpolation from normal 
linear marker fragmets. of DNA. 
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Fig. 3 Anomalous electrophoretic migration is a sensitive func- 
“tion of pseudo-cruciform position. a, Restriction map of the 
-BeoR\-Sall fragment containing the pseudo-cruciform (box). 
Various restriction fragments used in the mobility measurements 
are indicated below the map. The number on the right of each 
fragment is the position of the pseudo-cruciform calculated as a 
percentage of the total length. b, 5% polyacrylamide gel elec- 
trophoresis of typical pseudo-cruciform fragments. The track label- 
led M contains a Hincll digest of phage ®X174RF DNA, to 
provide conventional linear marker fragments, in order to measure 
dpparent sizes of pseudo-cruciform fragments. We note that the 
612-bp fragment of this digest migrates somewhat anomalously. 
“Por accurate size calibration, we have used a combination of 
“Hincll,; Alul, Haelll and Hinfl digests of ®X174 RF DNA. c 
‘Plot of ratios of apparent size to calculated size against the relative 
| position of the pseudo-cruciform junction within the fragments. 


dome-shaped curve. This result would not be expected if the 
retardation due to the cruciform arms was caused by frictional. 
effects. Moreover, if one arm is shortened by restriction enzyme 
cleavage, a relatively small reduction in migration anomaly is 
seen. 

We conclude that the pseudo-cruciform perturbs the geometry 
of the entire molecule by introducing a bend or possibly a point 
of flexibility. This should exert a greater influence on the overall 
shape of the molecule the closer to the centre it occurs. The 
most symmetrical arrangement for four DNA helices is tetra- 
hedral, and we have previously successfully used this basic 
assumption to analyse T4 endonuclease VII cleavage of two 
short cruciforms’. A tetrahedral arrangement would introduce 
a bend of 109° into the fragments analysed by gel electrophoresis. 
It is unclear how such a junction could be flexible, but we cannot 
completely exclude this possibility. 

We therefore believe that we have identified a structural 
perturbation in a DNA molecule which introduces a pronounced 
bend; there is both practical”'® and theoretical” evidence for 
this in other systems. Our pseudo-cruciform fragments will be 
useful as an experimental model for DNA bending, as well as 
for the study of four-way junctions. Furthermore, immunological 
experiments are in progress. 

We thank Dr Bérries Kemper for provision of T4 endonu- 
clease VII, and the MRC and the Royal Society for financial 
support. 
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Present understanding of the three-dimensional structure of anti- 
body combining sites is based on X-ray diffraction studies of 
myeloma immunoglobulins (reviewed in refs 1, 2). The structures 
of the antigen-binding fragment (Fab) complexes of two of these 
immunoglobulins with small ligands have also been determined**. 
However, there is no crystallographic information concerning the 
interactions of an antibody with an antigen, nor do we know the 
precise structure of antigenic determinants on protein molecules 
(reviewed in ref. 5). We now report the first structure determination 
of an antigen-antibody complex at 6 A resolution. The structire _ 
of the complex between hen egg-white lysozyme and the Fab of a 
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monoclonal anti-lysozyme antibody (D 1.3) shows that the combin- 
ing site of antibodies is not merely a cleft delineated by the 
complementarity-determining regions of the variable regions of 
the light and heavy chains, but is a larger area extending beyond 
it. A correspondingly large area of the antigen makes close contacts 
with the antibody, in agreement with the notion of a ‘topographical’ 
rather than ‘sequential’ antigenic determinant. The Structural basis 
of cross-reactivities of an antibody with heterologous antigens and 
the effect of a single amino acid substitution on antigenic specificity 
can thus be visualized in the structural model presented here. 
Hen egg-white lysozyme was chosen as the protein antigen 
because its three-dimensional structure has been analysed exten- 
sively® and because it has served as a model in many immuno- 
logical studies on the identification of antigenic sites on a protein 
molecule’. The production of hybrid cell lines secreting anti- 
` lysozyme antibodies, the purification of the immune complex 
between Fab D1.3 and hen lysozyme and the crystallization and 
_ preliminary crystallographic study of this Fab-antigen complex 
-> have been described elsewhere!?, Crystals, grown from 15-20% 
polyethylene glycol 8000 solutions, are monoclinic, space group 
P2,, with a= 55.6 A, b = 143.4 A, c= 49.1 A, B = 120.5° and one 
molecule of complex per asymmetric unit. The diffraction pat- 
tern extends to 2 A resolution using synchrotron radiation. 
Three heavy-atom isomorphous substitutions were obtained 
with K,PtCl,, K;F;UO, and p-OH-mercuribenzene sulphonate. 
X-ray intensities were measured using a four-circle automatic 
diffractometer. The conventional R factors after refinement, 
using a full-matrix least-squares method'*, were 49, 47 and 44%, 
respectively (details will be published elsewhere). The average 
figure of merit for the phases of the 1,659 reflections contained 
in the 6-A sphere was 0.75. A balsa wood model based on the 
electron density map calculated with these reflections showed 
the typical domain structure of Fab’ and an additional globular 
region, corresponding to lysozyme, in close contact with Fab. 
The map was displayed subsequently on an Evans and Suther- 
land PS 300 interactive graphics system using the program 
FRODO (ref. 16), together with the a-carbon backbones of the 
previously determined hen lysozyme and Fab New” structures. 
The helical segments of lysozyme clearly corresponded to rods 
of electron density. The model was fitted to the map using only 
rigid body rotations and translations ( Fig. 1). The lysozyme 
chain crosses regions of lower density at positions 52-53, 58-59 
and at the turns 21-22 and 115-116, but the interpretation is 
unequivocal. No gross conformational change is evident at this 
resolution, but the two C-terminal residues seem to have moved 
and a rearrangement may have occurred at the 21-22 turn. Both 
__ of these sites are involved in contacts with the antibody. The 
¿e Variable domains of Fab could be fitted well and the heavy (H) 
<- and light (L) chains distinguished by comparison with the Fab 
_ New model'*!”. In addition, the alternative fitting of the light 
and heavy chains was not as satisfactory. The constant domain 
(Cui +C) could be fitted only by rotating it about an axis 
through residues 103L and 117H at the flexible switch regions, 
changing the angle between the constant and variable domains 
from 137° in Fab New to ~ 180°, closer to the 166° angle observed 
in Fab Kol (ref. 18). 
The interactions between Fab and lysozyme extend over a 


Fig. 1 Stereo view of the electron 
density map in a slab 30A thick 
showing the lysozyme molecule. A 
single contour at 0.5 e A7} is shown, 
with the a-carbon skeleton of 
lysozyme® superimposed. Electron 
density near the C-terminus at the 
top corresponds to the combining 
site of the bound Fab, and that at the 
bottom to the Fab of a neighbouring 
complex in the crystal. Most of the 
polypeptide chain, including all the 
helical regions, lies inside strong 
_. electron-dense features. 
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large area (Fig. 2) and involve all six complementarity-deter-: 
mining regions (CDRs)'° of the antibody. The most obvious 
contacts in lysozyme occur at positions 19-27 and 116-129 
widely separated in its sequence but forming a contiguous pateh 
of about 20 x25 A on its surface. These residues do not corr 

spond strictly to any of the four antigenic sites proposed from 
studies using polyclonal antibodies’®. Although side chains are 
not visible at this resolution, the model (Fig. 2b) particularly 


those of Lys 13, Arg 14 and Arg 21 remain to be verified by ¢ 
presently under way. Biochemical 
experiments described below suggest that Gin 121 has an impor- 
tant role in antigen-antibody complex formation. Gln ‘121 
occupies a central position in the region of contact (Fig. 2), in 
close proximity to CDR! and CDR3 of the light chain and to 
CDR3 of the heavy chain, its side chain penetrating the binding 
cleft of Fab D1.3. ee 
To define the amino acid residues of lysozyme recognized 
monoclonal antibody D1.3, we analysed the enzymatic activiti 
of different avian lysozymes in the presence of Fab D13. 
3). Chromatofocusing'* on HPLC established that those 
zymes that were inhibited in the assay formed complexes with 
Fab D1.3. Consequently, we take the enzymatic assay of Fig. 3 
as an indicator of complex formation. Whether inhibition of 
activity is the result of steric hindrance or of an antibody-induce 
conformational change in the enzyme remains to be determined. 
Fab D1.3 inhibits the lytic activity of bobwhite quail lysozyme 
and of hen lysozyme but has little effect on that of Californi 
quail lysozyme. The quail lysozymes differ in their amino aci 
sequences only at positions 68 and 121 (ref. 20). However, ther 
is no apparent difference between the inactivation of he 
lysozyme and bobwhite quail lysozyme, which differ at positio 
68 but share a Gin at position 121, indicating that the replace 
ment of Gln 121 by His in California quail lysozyme interferes. 
with the formation of an antigen-antibody complex. Partridge? 
and turkey”? lysozymes with a His at position 12! are also no 
inactivated by Fab D1.3 (data not shown), nor is Japanese quail 
lysozyme** with Asn at position 121, although this latter 
lysozyme has additional sequence differences at positions. | 
and 21, which make close contacts with Fab. These observations. 
are explained readily in terms of the three-dimensional structure 
presented here, in which Gin 121 occupies a central position in’. 
the antigen-antibody contact area. Monoclonal antibody D1.3 
therefore recognizes amino acid replacements at position 121, 
as did polyclonal antisera in a microcomplement fixation: 
assay”””'. Thus, the effect of single amino acid substitutions o) 
antigenic specificity and antigen recognition by the antibody. 
are explained readily in terms of our three-dimensional model 
This work was supported by grants from the CNRS, INSER 
and Intitut Pasteur. We thank Drs E. M. Prager and A.C, Wilson 
for lysozyme samples of bobwhite and California quails, Drs J 
L. Guénet and A. Perramon for eggs of different bird species 
and the MRC Laboratory of Molecular Biology, Cambridge 
for the use of a computer graphics system. : 
Note added in proof: Preliminary examination of a 2.8 Å -resol 
ution electron density map confirms the overall assignment. ð 
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are not in regions of above-average mobility. 
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Fig. 2 Preliminary three-dimen- 
sional. models of the antibody- 
lysozyme complex. a, Stereo diagram 
of the a-carbon skeleton obtained by 
fitting the structures of hen lysozyme 
and Fab New!’ to the electron 
density map. b, Space-filling rep- 
resentation of lysozyme with all 
atoms shown as spheres of radius 
1.7 A. Note that in a, the establish- 
ment of the precise conformation of 
the CDRs, in particular, that of 
CDR2 of the light-chain variable 
region, which is affected by deletion 
of amino acids 56-63 in Fab New, 
must await the determination of the 
amino acid sequences of D1.3 and 
the calculation of a high-resolution 
electron density map. In this draw- 
ing, CDR2 of the Fab New light 
chain appears somewhat distant 
from the antigen. The electron 
density map, however, indicates that 
the corresponding CDR of D13 
makes contacts with lysozyme. The 
mode! shown in b is a simplification, 
as it assumes that the orientation of 
side chains is the same as in crystal- 
line hen lysozyme®. The orientation 
is slightly tilted compared with that 
of.a to show the contact region more 
clearly. Residues most likely to be 
involved in the interaction with Fab 
are labelled, except Arg 125, which 
is hidden, and Lys 116,, which lies 
just in front of Gly 117; the CDR 
loops of Fab are shown by their a- 
carbon skeletons. The side chain of 
Gin 121 lodges between the CDRI 
and CDR3 of the light chain and the 
CDR3 of the heavy chain. The 
lysozyme active site is the cleft to the 

lower right. 


Fig.3 Inactivation of three lysozymes by D1.3 Fab. The lysozymes 
of hen (1.3 pg, ©), bobwhite quail (1.2 pg, @) and California quail 
(1.0 pg, W) were incubated in 0.1 M K-phosphate, pH 7.0, with 
increasing amounts of the Fab fragment of antibody D1.3, at 37°C 
for 90 min, in a total volume of 100 yl. Their lytic activity was 
assayed with Micrococcus lysodeikticus cell walls (Sigma; 
0.3 mg ml“! in 0.1 M K-phosphate, pH 7.0) as substrate. A unit of 
specific enzymatic activity (ordinate) is defined as a decrease in 
transmittance at 450 nm of 0.001 per min per mg of lysozyme at 
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Terrestrial mass extinctions 
-and galactic plane crossings 


EN their attempt to build a case for a 
“galactic plane crossing” explanation for 
terrestrial extinction, Rampino and 
Stothers’ present a statistical argument 
-that is seriously misleading. The crux of 
¿the empirical component of their argu- 
ment is a claimed agreement between two 
columns of dates (their Table 1): 


Commen 
Table 1 Dates from ref. 1 





Mass Galactic plane 
extinctions crossings 
(Myr BP} (Myr BP) 
It 0 
37 31 
66 64 
91 100 
144 135 
176 166 
193 197 
217 227 
245 259 


Sammer 


They begin by calculating the correla- 
tion coefficient of these two columns to be 
r=0.996. It is a mistake to attribute any 
meaning to this number: the correlation 
_ of any two monotonically increasing 
. Sequences is bound to be high. This reflects 
- only the high serial correlation of the sep- 

arate series, and in no way indicates any 
connection between the two series other 
than a common monotonicity. For 
example, the correlation between the list 
of mass extinction dates and the first nine 
prime numbers (2, 3, 5, 7, 11, 13, 17, 19, 
23) is r= 0.986. 
Rampino and Stothers then go on to 
„compare the gaps in the two columns by 
Student’s t-test for matched pairs. There 
are two serious difficulties in this; the point 
_ will be clearer as we introduce some nota- 
tion. Let X);=11,...,X,=245 be the 
entries in the first column and Y= 

0,..., Y9=259 be. the entries in the 

second column. Then Rampino and 

Stothers apply Student’s t-test to the eight 

differences Z, = ( Yier— Y) (Xia. - X). 

The test statistic is then the average of the 
‘Zs divided by what would be an appropri- 
ate estimate of standard error of that 
average if the Zs were independent. But 
the average of the Zs reduces algebraically 
to Z=[(Y¥,- Y,)-(X,-X,)]/8; it does 
_not depend on the intermediate values at 
all. If the two columns spanned the same 
time interval, it would reduce identically 
to zero, regardless of the intermediate 
< values. In other words, the Zs are highly 
correlated because adjacent intervals 
share common endpoints; the test as per- 
formed would be valid only if both series 
were random walks (hardly a tenable 
_ hypothesis, particularly for galactic plane 
_ erossings).. Con: equently,. the denom- 














MATTERS ARISING 


inator of the t-statistic grossly over 
estimates the standard error of the 
numerator and biases the test statistic 
towards zero. Even if their test were valid, 
there is a second difficulty in this aspect 
of their argument: they interpret a small 
t-value as evidence in favour of a null 
hypothesis, when it could as well be held 
to reflect a paucity of data and a test 
insufficiently powerful to detect a 
difference. 


S. M. STIGLER 
Department of Statistics, 
University of Chicago, 
Chicago, Illinois 60637, USA 


i. Rampino, M, R. & Stothers, R. B, Nature 308, 709-712 
(1984), 


RAMPINO AND STOTHERS REPLY— 
Stigler regards as misleading the two 
statistical tests that we' made of the corre- 
lation between two observed time series, 
one containing the dates of the last nine 
crossings of the galactic plane by the Solar 
System“, and the other consisting of the 
dates of the last nine major mass-extinc- 
tion episodes on Earth, which we selected 
from the marine extinctions record pub- 
lished by Raup and Sepkoski?. Both 
records cover the past 260 Myr. 

In our first test, we computed the corre- 
lation coefficient between the two series 
and obtained r=0,996. Stigler correctly 
points out that any two monotonically 
increasing series have a numerically high 
correlation. As a random test case, he cor- 
relates the first nine prime numbers with 
our miass-extinctions time series and 
obtains r = 0.986. To make a better com- 
parison, however, we have computed 
5,000 random time series, each containing 
nine dates drawn from a fixed time range 
(0-260 Myr). These series have been corre- 
lated with our miass-extinctions time 
series. We find agreement with Stigler in 
that a statistically significant percentage 
of cases (13%) have r= 0.986. 

On the other hand, only an insignificant 
0.4% of the cases computed in these 
Monte Carlo simulations show r= 0.996. 
Furthermore, if we correlate our random 
time series with the galactic time series, 
the percentage is even lower, 0.2%. Stig- 
ler’s mistake, therefore, is to regard r= 
0.996 as being close to r = 0.986 in the case 
of two monotonically increasing series 
with nine members each. 

With regard to our second test, the 
matched-pairs t-test applied to the time 
intervals, Stigler again makes an invalid 
criticism, because the data for any mat- 
ched-pairs t-test at all can be recast and 
analysed in exactly the way he presents, 
with the same conclusion. Consider, for 
example, two random samples drawn from 
independent populations and containing 
eight elements each: A,,...,A, and 












































B,,..., Bg. Enumerate a series of nine 2 
and a series of nine Ys by computing 
A; = Xm X; with any Xx; and B, 
Yı — Y, with any Y,. The t-test i5 no 
straightforwardly applied to the differe 
ces Z; = B; — A, Because the test stati 

t is proportional to the average of the Zs, 
we compute Z and find after some 
manipulation 


Z=[(Yo- Yı) ~ (Xo ~ X,)]/8 


which is identical to Stigler’s result, Thu: 
Z appears not to depend at all on th 
intermediate values of the Xs and Ys, ; 
Stigler noted. Stigler’s result, therefore, is 
seen to be just a mathematical rearrang 
ment of the data. As long as the sampl 
elements, the As and Bs, are independ 
and approximately normally distrib 
the t-test is valid. In our case, the sam 
elements are the time intervals in the 
series, which are the relevant, physi 
independent units and are affected by 
dom errors arising from many coi 
physical and accidental factors for bot 
series'*. The time intervals are, in fact 
found to be approximately normally dis 
tributed. Thus, these time series can b 
regarded as random walks. From the poir 
of view of testing the equality of th 
averages of the time intervals in the t 
series, it makes no difference in what ord 
the time intervals are taken, although, 
pairs are to be matched, the members 
pairs must be kept together. ws 
Our use of the matched-pairs t-t 
appears, therefore, to be entirely vali 
This test is usually considered to be 
powerful one, and one for which a samp 
size of eight is not unusual‘. (Stude 
himself used sample sizes of as small as 
two.) Our original result, based on a two: 
tailed test, was t= 0.91 with 7 d.f., there- 
fore P = 0.39. If, however, we do not pair 
the time intervals but do allow for the 
unequal variances in the two samples of 
time intervals and for the small sample 
sizes®, we obtain = 0.82 with effective 
6d.f., and so P=0.45. Alternatively, by 
simply testing the hypothesis that th 
average of the time intervals in the mas 
extinctions series equals 33 Myr (which 
the average time interval in the galact 
series), we find t= 1.01 with 7d.f., so P 
0.35. Clearly, even large differences in our 
test assumptions make little difference to 
the results. Hai 
Thus, we cannot reject the nu 
hypothesis that the averages of the time 
intervals in the two series are equal. On. 
the other hand, the tests cannot tell us how 
nearly equal the averages may be. A feel- 
ing for what can be safely rejected follows 
from a further consideration: with th 
same number of time intervals, another 
mass-extinctions time series might have a 
considerably different length. To demon- 
strate the consequences of adopting the” 
original time series given by Raup and 
Sepkoski*, in which the last nine mass- 
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extinction episodes occurred at 11.3, 38, 
65, 91, 125, 144, 163, 175 and 194 Myr ago, 
we have made a new correlation with the 
galactic time series, finding r = 0.994 and, 
for the matched time intervals, t= 4.94 
‘ith 7 d.f., for which P <0.01. Thus, the 
wo series are strongly correlated, but in 
this case they have significantly different 
averages of the time intervals. 

Note that the statistical tests in our 
original paper were not central to the 
earch for periodicities or the physical 
arguments there. The approximate perio- 
-dicity that appeared in both of our listed 
ime series was formally detectable 
ecause the variance of the distribution of 
ime intervals in each series was 
ufficiently small. 


MICHAEL R. RAMPINO 
i RICHARD B. STOTHERS 
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-Hund’s rule 


< Boyp' recently suggested an explanation 
of Hund’s rule in terms of electron correla- 
tion. A previous investigation of this 
approach’ gave rise to a richer interpreta- 
ion of two-electron spectra in terms of an 
“alternating rule, in place of the usual Hund 
‘rule first noted by Russell and Meggers’ 
for the spectrum of scandium. The alter- 
nating rule states that, within a given con- 
figuration, the energy ordering of singlet 
and triplet states reverses each time the 
angular momentum changes by one unit. 
For the term of greatest angular momen- 
m, the triplet lies lowest. The rule 
liably orders singlet-triplet energy levels 
in ~90% of known cases. 
The alternating rule follows from the 
ssumption that the state with the larger 
verage value of the inter-electronic angle, 
Oiz, has less shielding and therefore a 
lower energy. This is not far from Boyd’s 
“approach. One might expect a triplet 
always to have less shielding, owing to the 
Fermi hole, but wavefunction antisym- 
metry can give rise to features in the singlet 
which resemble the triplet hole’. As the 
charge density p(6,.) has been found to 
obey the alternating rule’, the Fermi hole 
argument is too simplistic. 
: The alternating rule helps in explaining 
cases deviating from Hund’s first rule, but 
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many exceptions are known. When the 
second rule fails, a singlet can be the 
lowest term in a configuration. An 
example is the 2p3d configuration of 
carbon, where the ID lies below the °F, 
contrary to Hund’s first rule. The alternat- 
ing rule, however, is obeyed: the 'D lies 
below the °D, and the °F is below the 'F. 
For the npn’d configuration, Hund’s rules 
work only in ~50% of the cases” and many 
of the exceptions may be caused by a 
failure of Hund’s second rule. 

Recent studies of electron distributions 
in two-electron atoms** are beginning to 
yield a new and more comprehensive pic- 
ture. Some states, for example, the doubly- 
excited states of helium-like atoms, exhibit 
very strong angular correlations, much 
greater than in singly-excited states, to the 
extent that collective, quasi-molecular 
quantization, with near-rigid rotations and 
bending and stretching vibrations, 
describes the electron distribution. Even 
the alkaline-earth atoms and alkali nega- 
tive ions show considerable A—B—A 
molecular behaviour, although these sys- 
tems have less rigid structures than He**. 

That radial correlation sometimes 
dominates the energy orderings is difficult 
to reconcile with shielding concepts”. The 
253s states of helium have similar angular 
electron distributions, much like that of 
the 2s”, 'S state, but the radial distributions 
are all quite different. Both the 2s3s states 
have strong angular correlation expected 
for a linear quasi-molecular system, with 
p(0,2) centred around 7. The triplet corre- 
sponds to one quantum of excitation in 
the antisymmetric stretching mode for the 
A—B—A molecule; it has a lower energy 
than the singlet because the antisymmetric 
stretching has a lower frequency when A 
is lighter than B. The 2s2p, “P helium state, 
with a strong maximum in p(6,2) near 7, 
corresponds to the first-excited rotor state, 
with no bending excitation. The angular 
distribution in the 2s2p,'P state is very 
different, with the maximum at slightly 
more than 7/2, and with finite probability 
density at 9,.=0. This singlet is one of 
two partners in a nearly degenerate pair 
with one quantum in the bending vibra- 
tion; the other is the lower energy 2p”, °P, 
having almost the same angular distribu- 
tion, but no electron density at @,.=0. 

In the quasi-molecular picture, the 
appropriate comparisons, as exemplified 
above, may be between states of different 
configurations. When electron correlation 
and configuration interaction are large, it 
is inappropriate to classify states in terms 
of a one-electron configuration, and 
Hund’s rule loses its meaning. Neverthe- 
less, it is interesting to ask under what 
circumstances a shielding argument can 
predict the energy orderings. The alternat- 
ing rule has many exceptions for the 
npn'd, P and D terms, and future con- 
siderations of this problem should perhaps 
focus on physical interactions, such as col- 
lective motion kinematics and shielding, 
rather than on quantum numbers associ- 


ated with a specific model and rep- 
resentation: | 

J. W. WARNER 
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Frost rings in trees and 
volcanic eruptions 


LAMARCHE and Hirschboeck' find good 
agreement between the timing of notable 
frost events in the western United States 
and the occurrence of major volcanic 
eruptions worldwide from AD 1500 
onwards. Notable frost events are defined 
as those damaging trees (seen in tree rings) 
at two or more localities or in 50% or more 
of sampled trees in any one locality. For 
the periods 1882-1968 and 1500-1880 they 
find, by considering coincidences of these 
phenomena in 3-yr segments, x?-values of 
16.0 and 14.7, respectively, in frost versus 
volcano contingency tables, indicating sig- 
nificance at the 99.95% confidence level. 
I have the following comments to make: 
a recomputation of x? is possible using 
only the occasions (underlined in Table | 
of ref. 1) of geographically-widespread 
frost damage (that is, in both the Great 
Basin and the Rocky Mountains regions, 
>10° longitude apart). The results are: 
1881 onwards, x’ = 6.7, just significant at 
99% confidence level; 1500-1880, x? = 
7.8, significant at 99% confidence level. 
The authors’ selection of volcanic 
events, after Lamb’, appears to be incon- 
sistent at a few points. In general, they 
selected events printed’ in bold type, 
indicating a consensus among compilers 
as to the importance of the events, with 
DVI/ Emax = 1,000 for the eruption or com- 
bined eruptions. Events, with the latter 
parameter in bold type and 21,000 but 
with the name of the event in normal type 
(for example, Pogrumni, 1795), were omit- 
ted. To have followed this objective pro- 
cedure consistently would have been 
acceptable but the following deviations 
were noted in particular: (1) Awu and 
Gunung (both 1641, combined 
DVI/ Emax = 1,500) were omitted. (2) The 
1785 eruption of Vesuvius was not assig- 
ned a DVI by Lamb and should have been 
omitted. (3) Hekla (1845) and Amargura 
(1846) (combined DVI/ Emax ™ 1,800) 
were omitted. (4) A group of four erup- 
tions (1886-88) (combined DVI/ Emax = 
1,100 (estimated)? in 1888-90) was omit- 
ted. Item (2) will not affect the authors’ 
results because Vesuvius was grouped with 
other eruptions, themselves with 
DVI/ Emax > 1,000. However, according to 
Table 1 in ref. 1, the events in (1),(3) and 
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(4) were not followed by frosts and so x 
will be reduced if they are included. 

The eruptions of 1752 and 1755, both 
with DVI/ Emax > 1,000, should have been 
in separate triads. Neither triad experien- 
ced frost, so y? will be reduced further. 

Inclusion of the, volcanic events listed 
in (1) and (3) and separation of the 1752 
and 1755 eruptions reduces the xX for 
1500-1800, computed using all frost events 
in Table 1, ref. 1 from 14.7 to 10.9: the 
significance level falls from 99.95 to 
99.9%. Similarly, inclusion of (4) reduces 
the all-frost-events y? for 1882-1968 to 
11.9 and its significance to 99.9%. 

The severest test is to treat the volcanic 
events as described in the previous para- 
graph and to recompute y° using only the 
< occasions of widespread frost. The results 
| äre: 1500-1880, y7=6.2 (98% level); 
1882-1968, x? = 5.0 (95% level). 
|. For the 1882-1968 period, widespread 
_. frosts followed only Katmai and Agung 
< (see ref. 1, Table 1) in which DVI/ E nax 
< 1,000. A procedure more consistent with 
1500-1880 would have excluded these 
eruptions. A repeat of our severest test 
would then give null results: no wide- 
spread frost followed the major eruptions 
(DVI/ Emax = 1,000) in 1883, 1886-88 or 
1902. 

I conclude that a careful examination 
of Lamb’s’ volcanic record shows that the 
connection. with frost damage to trees in 
the western United States is not as sig- 
nificant as: LaMarche and. Hirschboeck' 
| “indicate. This is particularly evident if 
occasions of widespread frost only are 
considered. However, it cannot be denied 
that some connection is still apparent for 
the period 1500-1880. i 
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ce LAMARCHE AND HIRSCHBOECK 
REPLY—We thank Parker for his com- 
ments on our article but can agree with 
only some of his points. 

There were indeed some minor incon- 
sistencies in our choice of major volcanic 
eruptions for comparison with notable 
frost-ring events in the western United 
States. In particular, Awu and Gunung 
(1641), Hekla and Amargura (1845-46) 
and a group of four eruptions in 1886-88 
ought to have been included in our tabula- 
tion and were omitted by mistake. As 
Parker points out, recomputation of x°, 
after adding these data, reduces the sig- 
nificance of coincidences of eruptions and 
frost rings. However, they remain highly 
significant at the 99.9% confidence level 
for both the 1500-1880 and 1882-1968 

_ -sub-periods. 
: We- believe that his recomputation of 
a small subset. of frost-damage 
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dates, may be premature. The unstated 
assumption here is that widespread 
meteorological events are more likely to 
be linked physically to the influence of a 
hemispheric-scale volcanogenic-aerosol 
veil in the stratosphere. This may be true 
but, as documented more fully in referen- 
ces cited in our article, the timing of the 
frost in relation to the progress of frost- 
hardening in the plant tissues may also be 
critically important. If unseasonable cold 
occurs too late in the growing period, even 
by a few days, no permanent damage may 
result. Therefore, the record of a major 
meteorological event may be restricted 
geographically, or even totally absent, 
depending on its timing and on antecedent 
climatic conditions affecting the harden- 
ing of plant tissues. 

Finally, the exclusion of the Katmai 


- (1912) and Agung (1963) events in a 


recalculated x? analysis is not justified. As 
we point out in a footnote to our Table 1; 
estimated aerosol injections for these 
eruptions have been revised upward since 
Lamb published his tabulations. 
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Mediation of slow-inhibitory 
postsynaptic potentials 


IT has been claimed by Cole and Shinnick- 
Gallagher’ that the slow-inhibitory post- 
synaptic potential (s-i.p.s.p.) in a mam- 
malian sympathetic ganglion is due to the 
monosynaptic activation of muscarinic 
receptors. This conflicts with evidence for 
a disynaptic mechanism in which 
acetylcholine (ACh) acts muscarinically 
‘on intraganglionic interneurones (SIF 
cells) to release the direct inhibitory trans- 
mitter, dopamine’. 

The three lines of crucial evidence 
needed to establish the identity of a synap- 
tic transmitter? had been developed for 
dopamine: (1) Dopamine and its syn- 
thesizing enzymes are present in appropri- 
ate presynaptic structures*°. (2) Post- 
synaptic actions by catecholamines 
including dopamine are appropriate to 
those in an s-i.p.s.p., that is, hyperpolariz- 
ation without appreciable change in mem- 
brane conductance (g,,)°*". (3) 
Dopamine is depleted, presumably 
released, from SIF cells and their termina- 
tions by preganglionic nerve impulses or 
by muscarinic agonists’. Furthermore, 
depletion of dopamine is accompanied by 
a loss of s-i.p.s.p., while subsequent appli- 
cation of dopamine leads to its re-uptake 
by SIF cells and restores S-i.p.s.p. 
response**’. This specific restoration of 


` whether their observed small increase in 





s-i.p.s.p. by applied dopamine is par- 
ticularly difficult to explain on a monosy- 
naptic, direct muscarinic hypothesis. ; 
The requirement of a second transmit 
ter, whether dopamine or some other 
pound, has been established b 
of a low Ca** (0.1-0.2mM 
(6mM) medium; the: abi 
synaptic release of transmi 
panied by elimination 
hyperpolarizing (but 
ing) response to ACh 
Cole and Shinnick-Galla, 
conclusion because, e 
they find neurally-evoked s 
eliminated much faster tl Í 
polarization. Such atemporal d 
need not exclude a required rel 
second transmitter by the AC 
simply reflect a faster reduction 
at preganglionic terminals on the 
interneurones than at interneur 
nations on ganglion cells, especi 
the more drastic conditions of 0 C 
EGTA added’. Similarly, the repo 
bility of tetrodotoxin (TTX) to 
ACh hyperpolarization' does not 
a required second transmitter. TTX 
Nat action potentials, not 
release. As previously suggested"? 
synaptic muscarinic receptors may” 
located on the interneuronal terminatio 
near their release sites at ganglion cells 
or the fine efferent fibres of the ‘inte 
neurones (SIF cells) might be conducti 
‘calcium spikes’ that do not block wi 
TYX. Furthermore, a suppressing effect of 
TTX on ACh hyperpolarization, opposite 
to that of Cole and Shinnick-Gallagher 
was previously reported in similar experi- 
mental conditions''. pone 
The issue of the electrogenic mechanism 
of the s-i.p.s.p. is a separate one. First, 
Cole and Shinnick-Gallagher did not test 















































































































































£m during an s-i.p.s.p. would also acco 
pany dopamine-induced hyperpolariz. 
ation in their experimental conditions: 
therefore, this evidence does not argue 
against dopamine mediation. Second, th 
apparent absence of an increase in. g, 
when resting membrane potentials fall 
below (less negative than) —60 mV (Fi 
36, in ref.1) conflicts with other fini 
ings'™™'5 and suggests that experimental 
conditions were significantly specia 
Third, there might be two subsets of rece 
tors of s-i.p.s.p. hyperpolarization, with 
only one involving an increase in gy by a 
direct ACh action that is functionally 
evident in certain test conditions®. 

Finally, there remains some ambiguous 
pharmacological evidence. The ability c 
a low concentration (1M) of th 
adrenergic antagonist phentolamine. to 
block hyperpolarizing responses to 
exogenous catecholamines but not the 
neurally induced S-i.p.s.p. is taken to be 
evidence against mediation by a 
catecholamine transmitter. But competi- 
tive adrenergic antagonists at higher con- 
centrations have in fact been shown to 


































press both muscarinic hyperpolariz- 
tion’ and s-i.p.s.ps™®. Indeed, it is not 
ncommon to find large discrepancies in 
equired concentrations of antagonists 
‘tested against applied compared with 
eurally-released transmitters. As noted’®, 
his can be explained as due to much 
eater peak concentrations of transmitter 
when synaptically released at the receptor 
ites. 
— Thus, the more crucial positive evidence 
for mediation of s-i.p.s.p. by a second 
‘transmitter, dopamine, especially in nor- 
mal intact mammalian sympathetic gang- 
ia (reviewed in refs 2, 10, 12, 16, 17)- 
nnot be ignored and must be dealt with 
by any alternative hypothesis. On the other 
and, the ambiguous pharmacological 
idence'”'*'® can be explained on other 
grounds, and the significance, for trans- 
mitter identity, of the reported small 
increase in g,, (ref. 1) remains to be 
clarified. 
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SHINNICK-GALLAGHER AND COLE 
REPLY—In our report', we provided 
evidence suggesting that the slow-inhibi- 
ory postsynaptic potential (s-i.p.s.p.) in 
ammalian sympathetic ganglia is due to 
the monosynaptic activation of muscarinic 
receptors. Our data did not support Libet’s 
hypothesis of a disynaptic process for the 
-i:p.s.p. resulting from muscarinic activa- 
on of an interneurone (SIF cell) which 
releases dopamine’. 
Here we analyse whether acetylcholine 
(ACh) or dopamine fulfill the six criteria 
for establishing the identity of the 
neurotransmitter’ mediating the s-i.p.s.p.: 
(1) Localization: ACh is present pregang- 
lionically* and dopamine fluorescence is 
bserved. in SIF cells’, but whether the 
cell is an appropriate anatomical sub- 


strate for the s-i.p.s.p. is questionable (see 
ref. 6). (2) Release: ACh is released during 
presynaptic stimulation*, but release of 
H-dopamine from sympathetic ganglia 
has not been demonstrated® and loss of 
the s-i.p.s.p. may occur with no change in 
dopamine fluorescence’. Furthermore, 
restoration of the s-i.p.s.p. does not 
depend on extrinsic dopamine‘. (3), (4) 
Enzymes: Synthesizing and metabolizing 
enzymes for ACh are present pre- and 
postsynaptically*, respectively, and some 
dopamine metabolism occurs within the 
ganglion‘, but this does not necessarily 
imply a correlation with the s-i.p.s.p. (5) 
Synaptic mimicry: ACh causes membrane 
hyperpolarization'*’, having a reversal 
potential similar to the s-i.p.s.p.*. We 
observed small increases in membrane 
conductance (g,,) during these responses 
using instantaneous (not steady state) vol- 
tage deflections reflecting initial segment 
spikes, not rectification in the depolarizing 
direction. Similar small increases in gm 
have been reported by others”* and can 
be detected on close inspection in earlier 
records”'®, Catecholamines do hyper- 
polarize, but dopamine was the least effec- 
tive agonist’ ™?? and its effects were medi- 
ated through a),-adrenoceptors, not 
dopaminergic recthermore, restorgl’; 
dopamine seemed an unlikely candidate 
and was not analysed. (6) Identical phar- 
macology: Atropine blocks both the 
s-i.p.s.p. and ACh hyperpolarization'*"? 
but there is little evidence’? that a- 
adrenoreceptor antagonists block the 
s-i.p.s.p. High concentrations of competi- 
tive adrenergic antagonists only slightly 
depress s-i.p.s.p.''? but do attenuate 
action potentials'* and other slow poten- 
tials*'>'*. Experiments testing whether 
non-competitive antagonists were more 
effective at greater concentrations of 
synaptically released neurotransmitter’ 
are inconclusive, as the antagonists inhibit 
muscarinically mediated responses’? and 
bind to muscarinic receptors and calcium 
channels but have a greater affinity for the 
calcium _channel'®, = We''?_—s and 
others**'*'7 have found that 
catecholamine antagonists cause no sig- 
nificant depression of the s-i.p.s.p., but 
these concentrations of antagonists can 
completely abolish synaptic responses 
known to be mediated by catecholamines 
in other neutrons'®. 

Experiments examining the require- 
ment for a second transmitter are neither 
acriterion nor definitive, because the treat- 
ments interfere with membrane mechan- 
isms. We! and others? observed that an 
ACh hyperpolarization persisted when the 
synaptic response, the s-i.p.s.p., was 
blocked by a Ca”*-free, high-Mg’*, EGTA 
medium; continued superfusion 
depressed the ACh hyperpolarization. 
However, in no other previous reports 
were those experiments performed on the 
same neurone or in the same preparation. 
There is no experimental evidence that the 


temporal discrepancy could be due to 


diffusional barriers. On the other hand, 
muscarinic activation of a Ca’*-depen- 
dent K* response that persists in Ca”*-free 
media and is subsequently abolished on 
repeated application of ACh has been 
reported in other tissues'?”°. We observed 
only that the ACh hyperpolarization per- 
sisted in tetrodotoxin (TTX) at the time 
the synaptic response, the s-i.p.s.p., was 
blocked’. We know of no evidence sug- 
gesting that synaptic transmission can 
occur in the presence of TTX at inter- 
neuronal or any known synapse. In 
another study’, the ACh hyperpolarization 
was present, albeit depressed, when the 
antidromic action potential was abolished. 
This suggests that TTX may be affecting 
the membrane mechanism of ACh by 
blocking resting Na* conductance and 
indirectly affecting the Na pump, 
intracellular Ca’* concentration and 
inward Ca** currents”'. Similar effects on 
ACh hyperpolarizations have been 
observed when extracellular Na* was 
replaced with Li* in amphibian sym- 
pathetic ganglia”. 

Clearly, the evidence indicates that 
ACh, not dopamine fulfills all the criteria 
for the neurotransmitter mediating the 
s-i.p.s.p. in this'® and other autonomic 
ganglia”*-*°. There is little basis for a disy- 
naptic hypothesis for the s-i.p.s.p. at any 
autonomic synapse. 
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BOOK REVIEWS 


Philosophy of mind 


The Reith Lectures for 1984 were delivered by Professor John Searle 
under the title ‘‘Minds, Brains and Science’’. Stuart Sutherland discusses 
some of the issues raised in the broadcasts. 


FOR SOME time, one of the main 
occupations of philosophers has been to 
tease scientists. Richard Rorty and others 
have argued that science is valid only in 
terms of the conventions adopted at a given 
time, while Paul Feyerabend goes further 
and believes that within science (and 
presumably also within philosophy) 
“anything goes”. In the recent series of 
Reith Lectures, broadcast on BBC Radio 4, 
Professor John Searle confined his teases 
to artificial intelligence: as befits a 
philosopher forged at Oxford and honed at 
Berkeley, he produced a carefully thought- 
out view of minds, brains and science. 
Although provocative, he was for the most 
part refreshingly clear, so much so that it is 
possible to refute him on certain points. 

Searle believes that mental terms are 
simply another way of describing the 
activities of the brain, a view that has the 
merit of plausibility, though not of 
originality. In the lectures he likened the 
emergence of mental phenomena, such as 
consciousness, intention or desire, to the 
emergence of such properties as solidity or 
transparency which are produced by the 
arrangement of the molecules in a material. 
But he ignored an important difference: 
we understand rather fully how certain 
molecular arrangements can give rise to the 
higher level attributes of solidity or 
transparency, but we have no idea 
whatever of how any arrangement of 
neurones could give rise to consciousness. 
(This point was also made by Colin 
McGinn in an otherwise rather 
disappointing discussion of the talks 
during which Searle and his opponents 
rarely seemed to meet.) One may conclude 
that Searle has merely by-passed the mind- 
body problem; he has not made it go away. 

Searle attacked three of the claims made 
by some of the AI fraternity. First, he 
maintained that no computer system could 
ever exhibit consciousness, since con- 
sciousness is a property only of brains. This 
claim is reasonable, although Searle 
defended it by assertion rather than 
argument. 

His second counter-claim was that 
computers can never exhibit mental 
activity — they can never have knowledge, 
even unconscious knowledge. His main 
argument stemmed from his well-known 
analogy of the Chinese room. He asked the 
listener to imagine himself sitting in a room 
which contains a supply of Chinese 
symbols and a rule book in English for 
manipulating them. When the person in the 
room is handed a string of Chinese 
symbols, he assembles a sequence of his 
ü- symbols- in.a manner dictated by his 





rule book. If the rules were comprehensive 
enough, and if the strings he received were 
genuine questions in Chinese, then the 
strings he assembled could be correct 
answers. The rules might correspond to 
those embedded in a computer program 
that answered questions in Chinese. But 
clearly the person manipulating the 
symbols does not understand Chinese nor 
a fortiori does the computer program. To 
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understand Chinese a person must not 
merely be able to manipulate the symbols 
according to rules, he must know the 
meaning of those symbols. Searle argued 
that the Chinese room analogy shows that 
so long as someone or something, whether 
it be a person or a computer, is automatic- 
ally following a set of rules (a syntax) while 
unaware of their meaning (a semantics), he 
or it cannot be said to have a knowledge of 
whatever it is the symbols refer to. 

The argument is highly ingenious, but it 
raises two problems. First, if the difference 
between computer programs and brains is 
that the latter have semantic knowledge 
while the former do not, it was surely 
incumbent on Searle to consider how it is 
that the brain acquires its semantics; but he 
did not even mention this question. 
Second, we would be more tempted to 
think of computers as having knowledge 
{a semantics), if they interacted with the 
world through sensors and mechanical 
limbs, if they could “learn” from these 
interactions and if their behaviour was 
governed by goals in the way that human 
behaviour is. Searle’s reply to this point 
was too skimped to carry conviction. 
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Searle’s third and least plausible claim 
was that not only can computers never have 
mental activities, they cannot even sim 
ulate such activities. Now if the brain 
operated according to rules; it would 
clearly be possible to simulate its workin: 
in computer programs. But since the brair 
and mental activity. are one and the am 


desperate device of denyin 
operates according to rule: 
suggested that no unconsciou: 
is undertaken by the brain. But, t one 
example, itis known that certain e: 
in the striate cortex compute a function on 
parts of the retinal image. His comment on 
how the brain does mediate thou; 
distinctly unhelpful — “The br 
does them”. The extent to which theb 
carries out computations can surely be 
decided only by investigation not by 
philosophical fiat, and if it does not work 
like this, it is extremely hard, as Searle 
own remarks made clear, to think of any. 
other way in which it might operate. ee 
Searle also attempted to show that there 
can be no social ‘“‘science’’, at least in the 
meaning of the term arrogated by physical 
scientists. He claimed that there can be no 
‘*systematic correlation between 
phenomena identified in social and 
psychological terms and phenomena ide! 
tified in physical terms”. Anything. - 
paper, metal, pigs — can serve as money: it 
depends only on the attitudes of the com. 
munity. But this surely does not imply th 
there are not highly specific and, at least i 
theory, identifiable processes going oni 
the brain when someone uses the concept 
of money. It only means that these proces- 
ses are likely to be complicated and to be 
interdependent on many other processes 
that underlie people’ s systems of belie! 
Moreover, there is an implicit contra- 
diction in denying that certain concepts. 
cannot have a systematic representation‘in. 
the brain while claiming that mental 
activity is the working of the brain. 
In his final lecture, which was on 
freedom of the will, Searle acknowledged 
defeat. If the mind is merely the brain. 
under another guise, and if the physical 
world is determined, then there appears to 
be no room for freedom of the will. Searle 
said, with commendable honesty, ‘For 
‘reasons that I don’t really understand 
evolution has given us a form of experienc A 
of voluntary action where the experience of 
freedom is built into the very structure of | 
. voluntary ... behaviour’. It is perhaps 
curious that he did not begin his lectures by. 
saying the same thing about consciousness 
over which the same problem arises in an 
equally acute form. Despite Professor 
Searle’s sleight of hand, the problem of. 
consciousness continues to defeat the 
human mind. E 








Stuart Sutherland is Director of the Centre for 
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ory of a synthetic 
polypeptide 
Jen Tsi Yang 








Poly (y-Benzyl-L-Glutamate) and Other 
Glutamic Acid Containing Polymers. 
By H. Block. 

“Gordon & Breach: 1984, Pp.215. $49. 





Poly(y-benzy!-L-glutamate) is unique, the 
‘first synthetic polypeptide studied that is a 
“helical rod in helicogenic solvents and a 
‘random coil’’ in “good” solvents. In the 
950s several laboratories in Britain, the 
ited States and Israel were especially 
ctive in investigating this polypeptide. 
“They were heady times. One morning in 
1954, I remember, I was with Professor P. 

Doty at Harvard when a co-worker of his 
rushed in with a new set of data. Doty 
paused and plotted them on a graph; the 
data fitted nicely on a viscosity-molecular 
“weight plot for rigid rods with the dimen- 
sions of a-helices — an exciting moment in 
-an exciting era of biophysical chemistry. 

< Work was soon extended to poly(L- 
glutamic acid), prepared by removing the 
“protective benzyl group. Since then aspects 
of the helix~coil transition, both experi- 
“mental and theoretical, have fascinated 
“many researchers and Professor Block’s 
-book covers much of the story to date. 
However, the water-soluble poly(L- 
_ glutamic acid), which is equally versatile in 
ts conformations as poly(y-benzyl-L- 
glutamate) and is related to protein con- 
formation, is hardly noted. 

Two-fifths of the text is devoted to 
solution properties (Chapter 5) and about 
one-third to the solid state and surface 
properties (Chapter 6), these chapters 
following a brief introduction and 
accounts of syntheses and reactions. A 
short chapter on commercial exploitation 
completes the book, but it is poly(y-methyi- 
~-Leglutamate) rather than poly(y-benzyl-L- 
glutamate) — the cost of which remains an 
obstacle — that has found use in making 
fibres, films and leather substitutes. One 
attractive feature is the bibliography which 
contains over 900 references. Many of 
these are now classics, and newcomers to 
he field will be able to use this part of the 
book to dig out useful background 
reading. 

-Professor Block surveys various topics 
: from organic syntheses to physical studies, 
“but in such a short volume the coverage of 
each is bound to be somewhat sketchy. 
“Recent developments in the synthesis of 
“sequential polypeptides are listed, for 
instance, but the brief discussion fails to do 
them justice. Readers will also need to be 
familiar with the various techniques to 
follow the text in detail. Often the term- 
inology is not as well defined as it might 
-have been; for example the narrow Poisson 
distribution for polydispersity of the 
ine-ini ated polymer formation is not 





only poorly defined but the probable 
causes for departures from it are not con- 
sidered. The kinetic treatment of copoly- 
merizations is also somewhat scant, and 
while the formal results of the Zimm- 
Bragg theory for the helix-coil transition 
are presented, a simple heuristic quasi- 
chemical treatment would have made the 
whole phenomenon more comprehensible. 
Happily, the subsequent calorimetric 
studies of this process are taken up in more 
detail. 

The book contains only nine figures, 
surely too few for this is in part a visual 
subject. In particular 1 would like to have 
seen a Zimm plot for light-scattering data 
— the classical method of determining the 
size and shape of the polypeptide as helical 
rods in helicogenic solvents. 

I must also say that I find questionable 
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the basic rationale of this series of mono- 
graphs, which “excludes macromolecules 
of purely academic interest’’. Before the 
development of recombinant DNA tech- 
niques, and the ensuing rise of a biotech- 
nology industry, such biopolymers as poly- 
nucleotides, let alone restriction endo- 
nucleases, would have been judged as 
“useless’’. That is to say, today’s laborat- 
ory curiosity may be the gleam in the eye of 
tomorrow’s venture capitalists. One can 
hope that the fascinating story of poly(y- 
benzyl-L-glutamate) and poly(L-glutamic 
acid) will nonetheless simulate further 
applied research and that Professor 
Block’s book will help towards thatend. O 





Jen Tsi Yang is Professor of Biochemistry at the 
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Becoming a mammal 
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The Evolution of Mammalian 
Characters, 

By D.M. Kermack and 

K.A. Kermack. Croom Helm: 
1984. Pp. 149, £15.95. 


THE mammal-like reptiles, or synapsids, 
have not had the exposure (popular or 
academic) with which their bigger and 
brasher relatives, the dinosaurs, have been 
favoured. When, for instance, did we last 
see a voluptuous film-star in fur bikini 
being chased by Inostrancevia? Even the 
names are not very familiar. 

Yet the synapsids have left an excellent 
fossil record and present us with mysteries 
every bit as stimulating as those of the 
archosaurs: warm-bloodedness, extinct- 
ion, descendants, transitions. Yet still no 
public recognition, until the past few years, 
when a few books, at least, have been 
published. Most recent in that short line is 
The Evolution of Mammalian Characters, 
which sets out to give an account of the 
origin and evolution of certain of the 
characters of the Mammalia, and to 
portray the fossils described as the living 
animals they once were. 

The book begins with sections on 
vertebrate evolution from the earliest 
vertebrates to the cynodonts, as a brief 
introduction and background to the main 
subject. While I sympathize with the 
authors not wanting, for example, to get 
bogged down in the Devonian swamp of 
tetrapod origins, I found this whistle-stop 
survey sometimes frustratingly misleading 
or surprisingly archaic. For example, no 
mention is made of the fact that some 
workers propose that tetrapods might not 
have arisen from the crossopterygian fish, 
while dinocephalians are now generally 
considered to represent a monophyletic 
group. The style of writing is also some- 
what dogmatic or old-fashioned in places: 








“Evolution is slow, continuous and 
imperceptible. The evolution of major taxa 
does not differ in any fundamental way 
from the evolution of one sub-species from 
another’’(p.49). 

But the real aim of the book is to des- 
cribe the origin of certain mammalian 
characters. Chapter 5 attempts this for 
dentition. At first sight this is a clear and 
interesting account, a potentially helpful 
introduction for undergraduates. Closer 
reading, however, reveals that there is no 
real attempt to address the mechanical 
issues involved, or the influence of muscles 
in the story, and the result is rather 
unsatisfying. 

The references, too, are disappointing, 
especially in view of the authors’ attempts 
to cover the literature of the past ten 
years. There are some surprising gaps — no 
reference to Bramble (1978) on jaw mech- 
anics; hardly any to Kielan-Jaworowska’s 
work post-1971; and no specific references 
to any of Kemp’s papers. By contrast the 
illustrations are very good. Not only are 
many of the fossils themselves illustrated, 
but two particularly valuable diagrams for 
teaching — of standard dental terminology 
and cusp nomenclature — are included as 
well as some useful time distribution 
charts. 

The authors say that this is a personal 
book, which must deflect criticism to some 
extent, but to me it seems that they have 
fallen between two stools. The book is not 
as comprehensive or readable as the stan- 
dard undergraduate texts incorporating the 
mammal-like reptiles, yet it contains too 
many ex cathedra opinions to qualify as a 
formal review. Nevertheless, there are 
interesting chapters on the evolution of 
mammalian senses and summaries of 
Middle Jurassic to Upper Cretaceous 
mammalian faunas which students and 
research workers may find useful. 0 





Gillian King is Fellow in Zoology at St Hilda’s 
College, University of Oxford, and. Assistant 
Curator at he University Museum, ; : 
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The atmosphere 
from space 


J.T. Houghton 


Satellite Sensing of a Cloudy Atmosphere: 
Observing the Third Planet. 

Edited by Ann Henderson-Sellers. 
Taylor & Francis: 1984. Pp. 336. $18, $40. 











DURING the past 20 years there has been 
considerable growth in the exploitation of 
satellite platforms for mounting remote- 
sensing instruments to investigate the 
structure of the atmosphere and the 
Earth’s surface. The great advantage of the 
satellite, of course, is the ease with which 
continuous global coverage can be 
achieved. 

In this book, articles by different 
authors address various aspects of remote 
sensing. The first two chapters provide an 
introduction; radiation quantities are 
defined and details given of the inter- 
actions of radiation (especially visible 
radiation) with the atmosphere and its 
various components. Brief descriptions of 
relevant satellites are included, and there is 
an introductory account of cloud observ- 
ations. Three of the six later contributions 
are concerned with various aspects of the 
sensing of clouds — their identification 
and characterization, their influence on the 
radiation budget, and cloud-cryosphere 
interactions. Other chapters deal with 
sounding of the atmosphere’s vertical 
temperature profile, with problems of the 
sensing of land and ocean surface features 
(a particularly useful chapter), and with 
tropospheric chemistry. 

To my mind, the book tends to fall 


BOOK REVIEWS 


between two stools. On the one hand the 
chapters are not sufficiently thorough and 
comprehensive nor are they well enough 
referenced to be used as authoritative 
reviews. On the other hand the book lacks 
the cohesion and flow of exposition 
demanded of a textbook. There are also 
some surprising omissions and inclusions. 
Despite the introductory emphasis on the 
“water planet”, virtually nothing is said 
about measurement of water-vapour and 
very little about precipitation measure- 
ment. Further, the importance of water in 
its various forms in determining the nature 
of the atmospheric circulation is not 
discussed — yet a chapter is included on 
tropospheric chemistry which, apart from 
a passing mention of a satellite instrument 


Unusual enzymes 


Pierre Desnuelle 








Lipases. Edited by Bengt Borgström and 
Howard L. Brockman. 
Elsevier: 1984. Pp. 527. $123, Df.320. 








LIPASES share with phospholipases the 
unique ability to hydrolyse very rapidly 
water-insoluble substrates which form 
plurimolecular aggregates separated from 
water by an interface. Our knowledge of 
their properties has advanced enormously 
in recent years, and ‘fully justifies the 
publication of a book on the topic. 
Lipases was planned and partly written 
by B. Borgström and H.L. Brockman, 
long-standing experts in the field. It begins 
with a general account of the behaviour of 
lipid and water molecules at interfaces, and 
of the way amphiphilic lipids associate in 


Sameena 





Sight for the cell tourist — 
electron micrograph of a sec- 
tion through an axopod of the 
heliozoan Echinosphaerium 
nucleofilum, showing the 
double-helical arrangement of 
microtubules with twelve-fold 
symmetry. The illustration is 
reproduced from A Guided 
Tour of the Living Cell by 
Christian de Duve, to be re- 
viewed in Nature next month. 
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(no details or results included), has no 
relevance to the overall satellite theme A 
further annoying feature is that although in 
Chapter 2 a page and a half is devoted to 
table giving careful definition of radiation 
quantities and symbols, quite different 
nomenclature is used in Chapter 5.° 
The book therefore is not, unfortu 
ately, likely to find widespread application 
as a student text. But, despite its unsatis- 
factory features, research workers in the 
remote-sensing field will find that. it 
contains some useful material and will b 
pleased that it is available at a price they cai 
afford. : 
E PE E a E 
J.T. Houghton is Director General of the 
Meteorological Office, Bracknell, Berkshire: 





the presence of water. This useful intro 
duction is followed by nine chapter: 
mammalian lipases and four which. deal 
with ‘‘other’’ lipases. ae 

Four of the early contributions | 
devoted to digestive lipases in mammal 
The first covers lingual lipase, a newcome: 
to the lipase family which initiates fat 
splitting in the mouth and stomach, after 
which come two chapters on pancreatic 
lipase and on colipase. Pancreatic lipase 
has served as a model for the study o 
‘interfacial enzymology” in hetere 
geneous systems; curiously enough, it 
interfacial adsorption is hindered by bile 
salts and a small protein cofactor, colipase 
is required to anchor it at the interface 
under physiological conditions. The thir 
digestive lipase is pancreatic carboxyl este 
lipase (more commonly known as carboxyl- 
esterase or cholesterol esterase). Unlike 
a “‘true” lipase, it cleaves dissolved sub. 
strates and is activated by bile salts. ; 

Particular emphasis in the book islaidon_ 
two tissue lipases. One is lipoprotein lipase, 
which acts at the capillary endothelium to 
remove circulating chylomicrons and 
VLDL from the plasma, and is activated by 
apolipoprotein CII. This enzyme is also | 
present in milk, together with an enzyme 
similar to carboxylesterase. The other. 
tissue lipase covered in some detail is 
adipose tissue lipase (also called hormone- 
sensitive lipase) which is involved in the 
mobilization of triglycerides from the 
adipose tissue, its action being controlled 
by a cyclic AMP-mediated phosphory- 
lation. Finally, there are accounts of lipases 
from plants, fungi and bacteria, special _ 
reference being made to structure, speg- 
ificity and practical applications. 

Most of the chapters are authoritative 
yet readable, and each of them is followed- 
by a thorough list of references. As wellas 
its natural audience of enzymologists and ` 
biologists engaged in research on lipid 
metabolism, the book will interest clinic- 
ians and advanced students in biology and- 
medicine. E 








Pierre Desnuelle is Professor Emeritus of 
Biochemistry at the University of Marseilles. 
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© The new Hybritech Photon is a 
combined computerized spectrophometer- 
spectrofluorometer designed to perform 
“jmmunoasssays. All readings are per- 
formed bichromatically, thereby allowing 
“measurement in the assay tube and thus 
‘reducing time and improving accuracy. 
Three primary wavelengths are available 
_and these are automatically programmable 
hrough the keyboard. The microprocessor 
hasa 64K memory and is operated through 
<an alpha-numeric keyboard. 

ircle No. 100 on Reader Service Card. 


Crucibles in molybdenum and titanium from 
«B-J Scientific 
@ B-J Scientific Products of Albany, 
Oregon, has extended its range of laborat- 
ory crucibles to include molybdenum and 
“tantalum vessels for use with strong 
mineral and organic acids and salts, and in 
the handling of molten metals. Tantalum 
displays corrosion resistance to molten 
metals such as magnesium, potassium, 
lithium, and sodium at up to 1,100°C 
and is highly resistant to most acids. 
Molybdenum crucibles resist many acids 
and molten metals. The crucibles are 
ailable in sizes from 5mi to 1,000 ml, with 
or without covers. 
ircle No.101 on Reader Service Card. 
Labpack data logging package enbables 
he Apple I microcomputer to function as 
_ alaboratory data logger and a processor at 
«relatively low cost. The Labpack includes 
hardware for converting analog signals 
into: digital form for storage in the com- 
puter, and software to operate and control 
the converter and to provide compre- 
hensive procedures for data processing and 
graphical presentation. Labpack is 
available from Adept Scientific Micro 
Systems of Hitchin, Herts. 
Circle No. 102 on Reader Service Card. 
= © The IMPACT system for automated 
—non-isotopic immunoassay is now 
available from Acade SA, Brussels, 
“Belgium, with eight test kits — for T4, T3, 
TSH, TBG, ferritin, alpha-fetoprotein, 
-human placental lactogen and C-reactive 
“protein. IMPACT is an acronym for 
immunoassay by particle counting, a non- 
isotopic technique which brings the level of 
substances which can be determined 
automatically in the clinical laboratory 
downto 10-15 molar. 
_ Circle No.103 on Reader Service Card. 








NEW ONTHE MARKET 


New products listed this week include a simple magnetic susceptibility balance 
and new software for the Apple II microcomputer. 


© The FRAC-100 fraction collector from 
Pharmacia Fine Chemicals now features a 
new solvent resistant bowl, the FRAC-100 
Bowi SR. This will be particularly useful in 
its application to HPLC. Construted from 
Valox R, the bowl is resistant to most 
common organic solvents, strong acids, 
bases and aqueous buffers of any pH. 

Circle No. 104 on Reader Service Card. 


Simple testing for magnetic susceptibility — | 
Johnson Matthey’s new balance 


@ Johnson Matthey Equipment is now 
manufacturing a new magnetic susceptib- 
ility balance for use as a research tool and 
as a teaching aid. Unlike conventional 
systems, the JME balance makes use of 
magnets and a stationary sample tube. 
Magnetic susceptibility is calculated from 
an instantaneous digital readout by using a 
simple equation. Sample weights of around 
250 mg are all that are required to give 
accurate measurements. 

Circle No. 105 on Reader Service Card. 





The Chubb microprobe for measuring static 


© Two new devices from John Chubb 
instruments the JCI 201 and 202 
Electrostatic Mini-Probes make it 
possible for the distributions of static 
potential and charge to be studied in and 
around small scale structures inaccessible 
to conventional instruments. The probes 
give stable and accurate measurement of | 
| 





local potential in the vicinity of static 
charges on insulating and conducting 
surfaces. Both probes can resolve 
potentials to 1 volt and the 201 probe may 
be used fully immersed within insulating 
liquids. | 
Circle No.106 on Reader Service Card. i 





New from Nunc for monoclonal screening 


@ A new transferable solid phase 
screening system from Vangard/Nunc is 
designed to simplify the screening of 
monoclonal antibodies in hybridoma cult- 
ure. The Nunc-TSP Screening System uses 
the ELISA method but uses a specially con- 
structed TSP plate with 96 pins that fit into 
a 96-well microtestplate. The TSP plate is 
treated for optimum protein adsorption to 
the exterior walls of the pins. The TSP plate 
is placed directly into the microtestplate, so 
the testing procedure does not affect cell 
growth, without changing the composition 
of the media. A Nunc TSP Wash Unit is 
available for rapid cleaning of the pins. It 
comes in a semi-automatic or a fully 
automated version with an electronic 
control unit. 


Circle No. 107 on Reader Service Card. 





Faicon tubes in their disposable polystyrene 
rack 

è The Falcon Labware Division of Becton 
Dickinson has introduced improved 
conical tubes with printed graduations 
formulated from a new form of clear 
polystyrene. The new material has high 
contact transparency and see-through 
clarity providing a clear view of the 
specimen, fluid level and graduation 
markings. The tubes have been tested 
under normal usage conditions at 9,400g, 
and the graduations are in blue for easy 
volumetric identification. The new mater- 
ial’s stability allows radiation sterilizing. 
The tubes are available in 15-ml and 25-m! 
sizes and can be obtained in disposable 
polystyrene rack with convenient tube- 
spacing and window slots to permit a clear 
view of each tube. 

Circle No. 108 on Reader Service Card. 







These notes are based on information provided 
by the manufacturers. For further details circle 
the appropriate numbers on the Reader Service 
Card bound inside the journal. 
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INSTITUTE OF CANCER 
RESEARCH 


RESEARCH OFFICER 


required to join small team studying 
the growth of human leukaemic cells 
in vitro. The post will involve close 
collaboration with clinical studies in 
the Royal Marsden Hospital and will 
be based at Sutton, Surrey. 
Candidates should have a degree or 
equivalent in immunology or bio- 
logical sciences and preferably 
experience in tissue culture 
techniques. The appointment will be 
for two years in the first instance. 
Starting salary between £6,204- 
£6,739 pa (pay award pending), plus 
London Allowance of £623 pa. 


Applications in duplicate with the 
names of two referees to the 
Personnel Officer, Institute of 


Cancer Research, 34 Sumner Place, 
London, SW7 3NU, quoting ref 
(SI24)A 


301/B/72. 






CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


UNIVERSITY OF GLASGOW 


RESEARCH ASSISTANT IN 
EXPERIMENTAL PARTICLE 
PHYSICS 


A Research Assistant is required to 
work on e * -e` experiments using the 
Cello detector at Desy (Hamburg). 
The holder of this post will spend 
most of the time resident in 
Hamburg. 


Appointment will be within grade 
IA of the Research and Analogous 
scales (£7520 - £9860}. The post is 
supported by an SERC rolling grant 
and the appointment will be for a 
period of up to three years. 


Applications should include full 
details of qualifications and 
experience and should be sent by 15th 
February to Dr I O Skillicorn, 
Department of Natural Philosophy, 
The University, Glasgow G12 8QQ. 

(5083)A 


We are currently seeking two experienced Clinical Research Associates to join our 
Clinical Research Division, based at Greenford, Middlesex. The work of the Division 
covers registration trials on line extension world-wide, trials of international marketing 
importance, and trials of local interest to GlaxoS overseas companies. 


Reporting to a Clinical Research Physician, the successful applicants will each be 


NATURE CLASSIFIED 


LONDON OFFICE Mark Pearson 4 Little Essex Street, WC2R 3LF Telephone 01-240 1101 (Telex 262024) : 
AMERICAN OFFICES NEW YORK Miss Gene Fein 15 East 26 Street, New York, NY 10010 — Telephone (212) 689 5900... 
SAN FRANCISCO JJHS (415) 392 6794 @PASADENA JJHS (818) 796 9200 : 
CHICAGO Didier & Broderick (312) 498 4520 @ BOSTON CEL Assoc (617) 848 9306 
CANADIAN OFFICE TORONTO Peter Drake 17 Pine Crescent, Toronto, Ontario M4E ILI (416) 690 2423 


RATES UK — Rest of world — £12.00 per centimetre. Minimum 3 cm. £2 is charged for a box number. 


Clinical Research 
Associates 


Respiratory and Antibiotic Research Group 
Greenford, Middx. c.£13,000 (inclusive) + car 


Glaxo Pharmaceuticals, part of the Glaxo Group, are responsible for the manufacture 
and sale of pharmaceuticals in the UK. 


CHARING CROSS AND 
WESTMINSTER MEDICAL 
SCHOOL 
(University of London) 
DEPARTMENT OF HAEMATOLOGY 


SENIOR TECHNICIAN 


There is a vacancy for a Senior 
Technician to join the Research 
Group in Haematology, who are pre- 
sently developing new techniques for 
bone-marrow culture. Salary on scale 
£7,521 - £9,935 plus £1,042 pa 
London Weighting Allowance. 


Further information from Dr C 
Haworth or Dr D Samson, tele: 
01-748 2040 ext 2702 or 2709 and 
applications on forms obtainable 
from The Secretary, Charing Cross 
and Westminster Medical School, 
The Reynolds Building, St Dunstan’s 
Road, London, W6 8RP within two 
weeks of the appearance of this 
advertisement. (5120A 


phone Bristol 507777 Ext 28 
cation forms from ‘th 
strator, UK Transplant. 

Southmead Road, Bristol, BSI 
or telephone (0272) mo Ex 


responsible for designing, organising and monitoring clinical trials — phases 3 and 4 — == 


on specific topics related to a particular therapeutic area. Travel, both in the UK and 
overseas, is a necessary part of the job and a ‘company’ use car will be provided. 













Candidates should possess a post-graduate qualification in a scientific discipline, together _ 
with two to three years’ relevant experience. The ability to communicate effectively, both 
verbally and in writing is essential. 


Please write or telephone for an application form to Mr. 1. Campbell, Senior 
Personnel Officer, 


l Glaxo Pharmaceuticals LIMITED 


GREENFORD ROAD, GREENFORD, MIDDX. Tel: 01-422 3434 ext. 2324 quoting ref. API 780. 


(5137JA 





























South Australia 
The Adelaide Children’s Hospital Inc. 


ESEARCH OFFICER/RESEARCH 


FELLOW IN MOLECULAR BIOLOGY 
“Department of Chemical Pathology 


he Department of Chemical Pathology is a national reference 
oratory for the diagnosis of genetic lysosomal storage 
fisorders, and has an active research program concerned with 


oth the diagnosis and treatment of these disorders in children. 
plications are invited for the above new position in the 
jolecular Biology Group of the Department to work on a 


ject presently supported, at least, until December, 1987 by 
: National Health and Medical Research Council of Australia. 
e@ Department is seeking the appointment of a Research 
icer who will have a PhD or equivalent qualification with 
stantial experience in recombinant DNA techniques 
including the construction and screening of cDNA libraries. 
The position is initially concerned with the isolation and 
sequencing of a cDNAs complementary to genes encoding for 
rmal and mutant forms of certain lysosomal hydrolases. We 
élieve these studies will improve current diagnostic procedures 
and will, eventually, lead to the development of effective 
treatment strategies for patients with these enzyme deficiency 

























The position is available as from 1st January, 1985, with a 
starting salary according to experience within the following 
anges: - 






Research Officer $A21,411 - $A24,528 
Research Fellow $A24,840 - $A32,634 


Applications, including curriculum vitae, summary of 
recent research activities and names of three referees, 
should be sent to Dr. John Hopwood, Department of 
Chemical Pathology, The Adelaide Children’s Hospital, 72 
King William Road, North Adelaide, South Australia 5006, 
from whom further particulars may be obtained 
telephone Adelaide (618) 267 7293). Closing date, 
February 14th, 1985. (W1520)A 













































DIRECTOR 
CANCER CENTRE 
UNIVERSITY OF CALIFORNIA 
SAN DIEGO, SCHOOL OF MEDICINE 


ications and nominations are invited for the position of Director 
e U.C.S.0. Cancer Centre at the School of Medicine, University 
alifornia, San Diego. 
The ‘School of Medicine is seeking an individual who will provide leader- 
hip to this Federally designated Cancer Centre, which is an Organiz- 
d Research Unit of the University of California. The position is to be 
è tenured ladder rank series. The Centre’s programs emcompass 
; and clinical research training, and patient care. The Centre’s 
laboratory space is located in two buildings, with a third in the develop- 
nt stages. Facilities include a new outpatient clinic and a recently 
_ renovated inpatient unit. The U.C.S.D. Cancer Centre provides excellent 
opportunities for laboratory and clinical research collaborations, and 
_ there are close ties with all academic departments in the University as 
well as cancer researchers in the San Diego Community. Recruitment 
-may include a research team. 
; Criteria for selection include an outstanding record of research ac- 
-eomplishments as well as a strong leadership and administrative abili- 
ty, Serious consideration will be given to applications received by March 
31-1985. Send applications to: 
Dr Robert G. Petersdorf 
Chair, Search Committee for Cancer Centre 
Dean, U.C.S.D. School of Medicine 
002, U.C.S.D. Medical School 
Jolla, Ca 92093 
ink and salary will be commensurate with experience. University 
of California is an Affirmative Action/Equal Opportunity Employer. 
: : (NW1333)A 





















CSIRO 
AUSTRALIA 


MOLECULAR BIOLOGIST 
$A25,342 — $A37,274 


DIVISION OF MOLECULAR BIOLOGY 
NORTH RYDE NSW 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2900 are professional scientists. The Organization’s research 
activities are grouped into five Institutes: Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial 
Technology and Physical Sciences. The CSIRO Division of Molecular 
Biology is a member of the Institute of Animal and Food Sciences. 
GENERAL: The Division, with a staff of nearly one hundred, has 
research programs in Animal Cell Growth and Developoment, DNA 
Maintenance and Modification and Gene Technology. 
DUTIES: To undertake and direct a research project on recombinant 
DNA approaches to control of livestock disease. Particular emphasis 
will be placed on viral diseases of veterinary importance. 
QUALIFICATIONS: A PhD degree or equivalent qualifications with 
experience in recombinant DNA techniques including molecular 
cloning, DNA sequencing and oligonucleotide directed mutagenesis. 
Previous experience in virology and immunology is desirable. A 
veterinary qualification would be an advantage. 
TENURE: indefinite with Australian Government superannuation 
benefits available. 
APPLICATIONS: Stating relevant personal particulars, 
including details of qualifications and experience, the names of 
at least two professional referees and quoting reference No A 
2505 should be directed to: 
The Chief 

CSIRO Division of Molecular Biology 

PO Box 184 

NORTH RYDE NSW 

AUSTRALIA 2113 — by 4 weeks from date of publication 


CSIROIS AN EQUAL OPPORTUNITY EMPLOYER (W1532)A 

















































THE EUROPEAN MOLECULAR BIOLOGY LABORATORY 
a research institute situated In Heidelberg, 
West Germany, has four openings for 


TECHNICAL ASSISTANTS 


in the fields of Molecular and Cellular Biology. Expertise is 
sought in the following areas : 


l/recombinent DNA technology including molecular 
cloning, purification, analysis of nucleic acids. 


2/Cell culture, including transfection of mammalian 
cells with cloned DNA, cell fusion and/or cloning of 
eucaryotic cells. 


3/Biochemical and immunological analysis of proteins, 
including cell fractionation, protein characterization, 
and/or cell-free protein synthesis. 


Applicants having experience in more than one of these 
areas are prefered. 

An above average salary will be offered to the successful 
candidate. 

Certain allowances are payable in addition, depending on 
personal circumstances. 

An initial contract of three years duration which can be 
renewed, will be offered. 


Please write briefly 
for an application 
form, quoting 

réf. Nr 84/3 

to : EMBL 
Personnel section, 
Postfach 10.2209 
D 6900 HEIDELBERG $3 
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“THE UNIVERSITY OF NEW 
SOUTH WALES 
Sydney - Australia 


NMR UNIT 
PROJECT SCIENTIST 
(Ref 445) 


The University is seeking a Project 
Scientist for its Nuclear Magnetic 
Resonance Unit, which has been es- 
tablished for use by staff and 
graduate students from various 
schools within the University. The 
Unit consists of a Bruker CXP 300 
wide bore NMR spectrometer 
(equipped for both high power and 
high resolution experiments), and an 
Aspect 2000 data station, and is used 
mainly by the Schools of Bio- 
chemistry, Chemistry and Physics. It 
is hoped that the Unit will be 





expanded by the purchase of a 


500MHz spectrometer. 


Duties will include the day-to-day 
administration of the Unit and the 
‘development of the instrument’s 
capabilities. The appointee will be 
expected to conduct research utilising 
the Unit’s facilities. 


Candidates must hold a PhD and 
should have a strong background in 
NMR spectroscopy. Computing 
and/or electronics experience 
desirable. 


The position is available 
immediately and appointment will 
initially be for three years with 
prospects of renewal with tenure. 


Further information from Pro- 
ae E O P Thompson, (02) 697 


Salary within one of the ranges: 
A$24,840-A$28,181 or A$29,295- 
A$32,634, 


Please submit written application 
to the General Staff Office, PO Box 
1, Kensington, NSW 2033 Australia 
by Frebruary 25, 1985. 


Equality of employment oppor- 
tunity is University policy. 
(WIS2DA 





A Healthy 
Future 


The Napp Pharmaceutical Group is one of 
the fastest growing pharmaceutical 
organisations in the UK. We have a high 
international reputation as a result of 
technological innovation and sales and 
marketing expertise. 

Most of our products are based on our 
own research and development, particularly in 
the field of sophisticated controlled release drug 
delivery systems. 

We have recently merged all of our UK 
operations into a new multipurpose complex on 
the beautiful Science Park on the edge of the 
historic University City of Cambridge. 


Biological 

To undertake studies involving biological 
analytical procedures related to pharmacological 
modulation of cellular biochemistry and 
measurement of endogenous mediators. 

For this position we seek a first degree or 
PhD. Biochemist, Pharmacologist or Biologist 
with 2-3 years’ research experience gained in a 
university department, Government Institute or 
the pharmaceutical industry. Experience of 
some of the following techniques would be 
advantageous: cell culture column/gel 
chromatography, radioactive counting, 
including ‘binding’ studies. The successful 
applicant will have demonstrated creativity and 
innovativeness, as well as the potential to 
establish, and in future lead, a small team of 
scientists. 

This is a unique opportunity for an 
ambitious young scientist to join a biological 
research programme at its inception. 













a World Research Centre, within our 
International Group. Consequent upon t! 
commitment we are engaged 
programme of expansion and 
our research effort. 
Part of this diversificatio 
establishment of a Biological Sciences Reser \ 
Department — a new venture. To complete th 
nucleus of key staff that will form 
function we require-a: 


Scientist 


Salary will be negotiable and other. 
benefits of our comprehensive employment 
package include: annual bonus scheme, pension 
scheme, free life assurance, 23 days annual 
holiday, 35 hour week and subsidised 
restaurant facilities. Assistance with relocatio 
is available, where applicable. 

To apply, write with full cv to Wendy 
Richards, Personnel Officer. Alternatively, 
telephone the Personnel Applications Section, 
Cambridge 358888, ext 2000 for an A 
form. 

Closing date Ist February 1985. 


NAPP a 
RESEARCH CENTRE 


The Science Park, Cambridge CB4 4BH. 


(arr) Member of Napp Pharmaceutical Group 

























(5092)A : 












“SOUTH AUSTRALIA 
The Adelaide Children’s Hospital Inc. 


MOLECULAR GENETICIST 
Department of Histopathology 


Cytogenetics Unit 

Applications are invited from individuals experienced in the use of 
recombinant DNA techniques to join a group of molecular biologists 
and geneticists studying fragile sites on human chromosomes. The 
successful applicant will be required to work on towards the eventual 
characterisation of the DNA responsible for expression of fragile sites. 
QUALIFICATIONS AND EXPERIENCE: The successful applicant will 
have a Ph.D. and preferably one or two post-doctoral year's experience 
in the use of recombinant DNA techinques. 

SALARY AND CONDITIONS: The position is funded by a research 
grant initially for one year, but with a high probability of renewal for 
several more years. The salary is that of a Research Officer which is 
currently $421,410 - $A24,528. 

Further information about this position can be obtained from Dr. 
G. R. Sutherland (Adelaide) 267-7284, to whom applications in 
writing. including telephone numbers, should be directed at the 
Cytogenetics Unit, Adelaide Children’s Hospital, 72 King 
William Road, North Adelaide, South Australia, 5006, Australia. 


plications close 14th February, 1985. (W1522)A 





_. research, should be received by 21 February 1985. 


KING'S COLLEGE SCHOOL OF MEDICINE 
& DENTISTRY 


THROMBOSIS RESEARCH UNIT 


~ Head of Cellular Biology - ; 
Applications are invited for a suitably qualified basic scientist to fil t 
position of Head of the Cellular Biology Section in the Thrombos 
Research Unit. 
The successful candidate will hold the rank of Senior Research Fell 
(Lecturer). The appointment will be made for a period of 3 years in th 
first instance, renewable thereafter. 


The Celtular Biology Section is one of three basic science sections in he 
Unit, the others being Platelet Pharmacology and Coagulation 
addition, the Unit has a large and active Clinical Research Division 


The main thrust of research has been into the problems: 
atherosclerosis and thromboembolic diseases, and the new Heat of 
Cellular Biology would be expected to have had a wide experience o 
scientific techniques, and an active interest in this field. 
Further details may be obtained from Professor V.V. Kakkar, 
Thrombosis Research Unit, King’s College School of Medicine & 
Dentistry, Denmark Hill, London SE5 8RX (Tel. 01-737 0656). 
Applications, including c.v. and a brief description of past 
(5135)A 






































UNIVERSITY OF CAPE TOWN 
Senior Lectureship 
I in Physics 


plications are invited for this senior faculty position for appointment 
r 1 October 1985. 


The appointee will be expected to participate in teaching at the 
undergraduate and graduate levels, and to complement existing 
research interests. 


©. Experimental low and intermediate energy nuclear research is carried 
out focally on a 5.5 MV Van de Graaff and a k = 200 MeV cyclotron, 
and high energy research at SLAC and DESY as part of the Crystal Bail 
:. collaboration. Solid State research is concentrated on the study of thin 
films by various techniques. Present activity in atomic spectroscopy. 
light scattering and non-linear optics is to be extended when a 
planned pulsed loser facility becomes operational. Research in 
Theoretical Physics includes studies in nuclear physics, elementary 
particle physics and QCD, relativistic nuclear collisions, vacuum 
Structure and quantum field theory. Departmental! research facilities 
include a library, and o dedicated research computer. 


©. Appointment will be made in the salary range R26 403 to R32 763 per 
annum with an annual bonus of nearly one month's salary ond 
attractive stoff benefits. 


Applicants should submit a full curriculum vitae and the names 
and addresses of three referees not iater than 1 April, 1985, 
to the Registrar (Attention: Appointments Office), 
University of cape Town, Private Bag, Rondebosch, 
South Africa, 7700. Further information may be 
obtained from the Registrar or the Secretary, 
S A Universities Office, Chichester House, 
278 High Holborn, London WCIV 7HE. 


The University’s policy is not to 
discriminate on the grounds of 
sex, race or religion. Further 

information on the 
implementation of this 
a policy is obtainable 


PES | ROW, > 



























































































(W1528)A 






















THE ROCKEFELLER FOUNDATION 
solicits research proposals on 


THE GENETIC ENGINEERING OF RICE 


Recent advances in cellular and molecular biology offer the possibility 
of increasing the efficiency, precision, and productivity of classical plant 
breeding. The Rockefeller Foundation will support research designed 
“to generate the technology needed to apply these advances to the 
genetic improvement of rice and will support the transfer of this 
technology to the rice improvement program of international and nat- 
ional agencies in developing countries. The program requires a 10-15 
year commitment to targeted research and will progress through a series 
of stages leading from basic technology development to its applica- 
tion in rice breeding programs. Included will be research and training 
on important agronomic traits, rice genetics, tissues culture, gene 

anster and regulation of gene expression, technology transfer, and 
the potential socioeconomic and environmental impact of genetic 
engineering in developing countries. During 1985, the Foundation is 
particularly interested in receiving proposals on the following two topics. 


important Agronomic Traits. The application of genetic engineering to 
rice improvement will require identification and characterization of use- 
ful traits that, if added to or modified in a rice cultivar, would lead to 
improved yield. New knowledge will be needed concerning the bio- 
chemistry, physiology and genetics of these of these traits before the 
genes that determine them can be identified and manipulated. 


























Rice Genetics. Fundamental knowledge of rice genetics is essential for 
genetic engineering of this important crop. Linkage maps and markers 
can be used for the study of difficult to detect genes, Proposals on 
the-development and use of chromosome map and marker systems for 
indica rice are of particular interest. 





Grants will be awarded to universities or fonprofit research institutions. 
~ Proposals will be evaluated on their relevance to program requirements, 
the qualifications of the principal investigator(s), and the appropriateness 
‘of the budget. They may be submitted at any time during 1985. In- 
-quiries about the program and all proposals should be sent to: Dr. Alva 
A. App, Director, Agricultural Sciences Division, The Rockefeller 
Foundation, 1133 Avenue of the Americas, New York, New York 
10036, USA. iNW1326)A 








UNIVERSITY OF WISCONSIN — 
MADISON 


Department of Veterinary Science 


ASSISTANT PROFESSOR- 
EPIDEMIOLOGY/INFECTIOUS 
DISEASES 


ASSISTANT OR ASSOCIATE 
PROFESSOR-EXPERIMENTAL 
PATHOLOGY/CELL BIOLOGY 


The Department of Veterinary Science, University of Wisconsin — 
Madison invites applications for two faculty positions. 

Assistant Professor-Epidemiology/Infectious Diseases — tenure 
track position. The candidate is expected to develop an independent 
research program with focus on the mechanisms of animal disease and 
direct graduate student training. The primary teaching responsibility 
is a graduate level course in epidemiology. 

Assistant or Associate Professor-Experimental Pathology/Cell 
Biology — tenure track or tenure position. The candidate is expected 
to develop an independant research program with focus on the 
mechanisms of animal disease and direct graduate student training. 
The primary teaching responsibility is a graduate course in experiernental 
pathology at the cellular level. 

Opportunities exist for fruitful collaboration with other faculty having 
programs in epidemiology, experimental pathology, immunology, 
virology, microbiology, reproductive and cardiopulmonary physiology 
and parasitology. Departmental facilities include a P3 laboratory. Can- 
didates for both positions must possess a PhD or DVM-PhD or 
equivalent. 

Submit curriculum vitae, description of research goals, teaching 
experience and names of four references to: Dr G Splitter, 
Associate Professor, Department of Veterinary Science, 1655 
Linden Drive, Madison W1 53706. 

The University of Wisconsin-Madison is an affirmative action/equal op- 


portunity employer. (NW1330)A 








RESEARCH POSITIONS 


Three Post Doctoral and/or Research Associate 
Positions available for studies on 


a) Novel tissue growth factors. Candidates preferred with experience 
in tissue culture, protein isolation and characterization HPLC, 
monoclonal antibodies and hybridoma technology; 

b) Regulation of cell surface receptors. Candidates with a Ph.D. in 
biochemistry or molecular biology preferred. Techniques to be used 
are isolation and characterization of membrane receptor proteins using 
monoclonal antibodies and cDNA cloning sequencing and gene transfer 
experiments; 

c) Developmental and hormonal regulation of gene expression. 
Candidates with experience in recombinant DNA, cloning sequencing, 
expression vectors and cell transfection studies preferrred. 

Submit statement of interest, curriculum vitae and names of 
three references to Dr. Henry G. Friesen, Professor and Head, 
Department of Physiology, The University of Manitoba, 770 
Bannatyne Avenue, Winnipeg, Manitoba, R3E ows, Canada, 


VETERINARY MEDICINE. 


The University of Pennsylvania is inviting applications and nominations 
for the Chair of the Department of Clinical Studies (New Bolton Center) 
in the School of Veterinary Medicine. Duties are the fostering of 
creative scholarship, teaching and clinical training, and leadership of 
the faculty not only in traditional university pursuits but also in the 
operation of a major teaching hospital. New Bolton Center is the large 
animal facility for the University of Pennsylvania School of Veterinary 
Medicine. The Center serves as one of the nation’s major veterinary 
medical referral centers for large animals. This Chair offers an 
unexcelled opportunity for academic leadership in clinical veterinary 
medicine. Nominations may be informal. 

Applications should include a curriculum vitae and the names of 
three referees. Communications should be addressed by May 1, 
1985, to Dr. Robert J. Eckroade, School of Veterinary Medicine, 
University of Pennsylvania, 382 West Street Road, Kennett 
Square, Pennsylvania 19348. 

The University of Pennsylvania is an equal opportunity affirmative 
action employer. (NWIS20IA . 
















South Africa 


De Beers Diamond Research Laboratory based in 
Johannesburg, is engaged in research into the 
manufacture of sintered diamond composites, synthetic 
> diamond and other superhard materials. Behind the 
highly specialised research techniques used in the pro- 
duction of these materials, are teams of talented 
research scientists from a wide range of disciplines, 

We are looking for a Materials Scientist with a post- 
graduate qualification, preferably a Ph.D. The successful 
applicant who must be a good experimentalist would 
be involved in detailed investigations into the physical 
and chemical properties of materials used in the 
manufacture of superhard products. A specialised 
knowledge of carbonaceous materials would be an ad- 
vantage. 

Passages for the successful applicant and immediate 
| family will be paid in full, and other benefits include 

- @ general allowance for transportation of effects @ ac- 
commodation and car hire provided free for up to 1 
month after arrival @ settling-in allowance of one 
month's salary (tax free) © generous leave @ pension 





(WI536)A 















FACULTY POSITION 


The Department of Biochemistry, Microbiology, Molecular and Cell 
Biology of The Pennsylvania State University invites applications for 
several junior and senior tenure track positions. Renewed 
_] commitments from the University to expand our Department and form 
<a: Biotechnology Institute provide exciting and challenging 

» opportunities for creative research at Penn State. Candidates should 
| have postdoctoral experience and will be expected to develop timely 
and competitive research programs. Outstanding individuals who will 
use molecular approaches for the study of genetic, regulatory and 
structural relationships in microbial, animal, and plant systems are 
sought. A wide variety of interactions with our large and diversified 
research faculty are possible in many areas. We provide excellent 
physical facilities, competitive salary and benefits, and a stimulating 
research environment. Applications should consist of a curriculum 
vitae, copies of recent publications, a brief but detailed description of 

- tesearch goals.and three references from whom we may request letters. 
: Applications will be received until March 15, 1985, or until the positions 
-are filled thereafter. Submit applications to Dr. Jean E, Brenchiey, 
Head, Department of Biochemistry, Microbiology, Molecular 
¿and Cell Biology, 108C Althouse Laboratory, Penn State 
_ University, University Park, PA 16802. (NW1317)A 


An Affirmative Action/ Equal Opportunity Employer 

















The Max-Planck-Gesellschaft zur Förderung der Wissenschaften 
plans to establish three research groups in the area of 


Structural Molecular Biology 
at DESY in Hamburg. 


The new groups will be set up as outstations of institutes of the 

Max-Planck-Gesellschaft for the purpose of applying synchrotron 

radiation available at DESY to problems in structural biology. 5 

Cooperation with the existing outstation of EMBL at DESY wili be 

possible. 

Three group leaders are sought, who should be highly qualified 

scientists. They will be given full freedom to carry out independent 

research. The initial contract will be limited to five years on the 

$ German university salary scale C 3. 

z Applications including curriculum vitae, a list of publication and a 
summary of past and planned research should be submitted by 

© March 15, 1985, to the President of the Max-Planck-Gesselischaft, 

Residenzstrasse la; 8000 Munich, Federal Republic of Germany. 





Materials Scientist 























and medical aid schemes and @ free dining faciltie 
The attractive negotiable salary will ensure a high 





dard of living and a contract of not less than 
could be negotiated. ce 


Applicants should write 
giving full personal and 
career details to: Mr S.A.A. 
Bryant, ACIS International 
Appointments Limited, 40 
Holborn Viaduct, London 
ECIP 1AJ. 











































NORTH EAST BIOTECHNOLOGY CENTR' 
LECTURER IN MICROBIAL PHYSIOLOGY | 


LH £7548 - £11175 BAR £12099 
SL £11175 - £13128 BAR £14061 


Sunderland and Teeside Polytechnics have been jointly designate by 
the National Advisory Body as a National Centre for Biotechnology. 
The Centre has a vacancy in the Biology Department at Sunderla 
Polytechnic for a Lecturer at LII/SL level. Applicants should hal 
higher degtee and will preferably have postdoctoral research 
industrial experience. The Lecturer will be required to contribute to 
existing Biotechnology and Applied Biology courses at BTEC, BSca 

MSc level, and to participate in the development of new courses to be 
run by the Centre. He/she will also be required to contribute to the 
development of new research projects in microbial physiolog 
technology. Lhe 
Further details and application forms from: The Personnel 
Officer, Sunderland Polytechnic, Langham Tower, ‘Ryho 

Road, Sunderland, SR2 7EE or telephone (0783) 76231 Ext. 1° 


Closing date: 24th January 1985. 


























VISITING RESEARCH SCIENTIST 
SPACE PLASMA PHYSICS 


Applications are invited for a visiting research scientist positi 
Department of Physics and Astronomy, The University of lowa, | 
City, lowa. ; 
This position is intended to support a multidisciplinary study. ol 
planetary, solar and astrophysical radio emission processes tunded by 
the NASA innovative research program. Applicants must have a PhD 
with a good theoretical background in basic plasma physics a 
experience in either experimental or theoretical studies of planetar 
solar or astrophysical plasmas. Our intention is to favor establish 
scientists with research experience in this area, although jun 
scientists with an appropriate background will also be considered. 
salary will be commensurate with the experience level. TI 
appointment can be for any period up to one year. oe 
Send curriculum vitae and a list of three references to D A 
Gurnett, Department of Physics and Astronomy, The University. 
of lowa, lowa City, lowa 52242, telephone 319/353-3527. 

The University of lowa is an affirmative action/equal opportunity > 
employer. (NW1331)A ~ 





































































be an advantage. 


Snow Hill Queensway, Birmingham B4 6JB. 


Odense University of Denmark 
PROFESSOR OF BIOCHEMISTRY 


A position as professor of Biochemistry is available for occupation on 
9.1985. 

\pplications are invited from persons with qualifications in experimental 
ascepts of one or both of the following areas. 
ansmission of hormonal signals across biological membranes. 
lationship between the biophysical state of biomembranes {for ex- 
mple fluidity) and their biological function. 
‘ig expected that the applicants will have made a major contribution 
search within either or both of the specified areas, and have 
monstrated a profound knowledge of the theory and practice of 
odern biophysical and biochemical techniques. 
successful applicant will be expected to participate in the teaching 
vities of the Institute of Biochemistry, which include basic courses 
jance and medical students, advanced courses for science students 
he supervision of student research projects. 
‘oreign applicants are expected to be able to teach in the Danish 
language within a few years of appointment. 
‘urther information is available from the Institute of Biochemistry, 
dense University, Campusvej 55, 5230 Odense M, Telephone (09) 
68600 extension 2441. 
è employment field covers the Ministry of Education and the institu- 
ions under it. The wage frame is 37, and the salary amounts to Danish 
Kroner 321.901,00 a year inclusive of bonusses as per 1st October 1984. 
“A professional selection committee will discuss the applications and 
their recommendation will be sent out to all applicants in its complete 
‘orm. $ 
-Applications in 5 copies, marked “Position no. 0021” enclosing cur 
` riculum vitae and documentation for professional and pedagogical dc- 
ities must be made to the Queen and sent with all enclosures 
also in 5.copies to: Journalkontoret, Odense University, Campusvej 55, 
DK 5220 Odense M, Denmark, so that we will receive it on the 2nd 
May, 1985 as the latest. 

{W1530)A 








i Our client is a subsidiary of a large UK company with an expanding interest in the 
-genetic modification of yeast. The following new posts, based in the Midlands, have 
‘been created as part of a growing research programme. 


Molecular Biologist 


(PhD. Scientist) ret 001 


Ahigh calibre research scientist is required to join a team working on the molecular 
- genetics of yeasts. The successful applicant will be a Ph.D. preferably with post- 
‘doctoral experience in molecular genetics (or related discipline) and have direct 
experience of recombinant DNA techniques. Experience with yeast would be 
desirable, although not essential. This post becomes available in April 1985. 


Research Scientist n 


cA graduate scientist is required to assist the development and evaluation of yeast 
strains, commencing January 1985, or by arrangement. The successful applicant 
will possess either a degree in Microbial Biochemistry (or related subject) or an 
equivalent qualification. Experience and interest in fermentation techniques would 


Attractive salaries will be commensurate with age and experience. 


Confidential Reply Service: Please write with full CV quoting reference M480 on your 
envelope, listing separately any company to whom you do not wish your details to 
be sent. CV’s will be forwarded directly to our client who will conduct the interviews. 
Charles Barker Human Resources (Midlands) Limited, 19th Floor, Kennedy Tower, 


CHARLES BARKER 


ADVERTISING: SELECTION: SEARCH 













(5134A 


LONDON SCHOOL OF 

HYGIENE AND TROPICAL 
MEDICINE 

(University of London) 


DEPARTMENTS OF HUMAN 
NUTRITION AND CLINICAL 
TROPICAL MEDICINE 


CLINICAL LECTURER 


Applications are invited from 
suitably qualified medical graduates 
for this newly-created post, tenable 
for three years. Candidates should 
preferably have experience in in- 
fectious diseases in the UK and/or 
work in developing countries, and 
should be prepared to work overseas 
for part of the appointment. The 
lecturer will participate in research on 
nutritional problems associated with 
infections, which is in progress in 
association with clinical departments 
in the University College School of 
Medicine. He or she will also teach in 
course units in clinical tropical 
medicine, clinical nutrition and 
nutrition in community health. 
Application will be made at Blooms- 
bury Health Authority for honorary 
clinical contract at Registrar level. 
Salary will be on the clinical lecturer 
scale, with membership of USS. 


Applications consisting of full cur- 
ruciulm vitae and naming two pro- 
fessional referees should be sent to 
the Personnel Officer, London 
School of Hygiene and Tropical 
Medicine, Keppel Street, London 
WCIE 7HT by 1 March 1985. 
Informal enquiries to Dr A Tomkins 


(tel: 01-636 8636 ext 357). (509A 





UNIVERSITY OF BRISTOL | 
DEPARTMENT OF BIOCHEMISTRY 


LECUTURESHIP 
Applications are invited for this 
position which has been created by 
the appointment of Dr P J England to 
a senior position with Smith, Kline & 
French and which will be vacant from 
ist October 1985. The successful 
applicant will join a strong group 
whose interests lie in the general area 
of the acute responses of cells to 
hormones. It is hoped that the 
lecturer will bring to that group new 
aspects such as the application of 
molecular genetics to this area. The 
post will involve teaching general bio- 
chemistry to science and medical 
students and specialized teaching to 
advanced students. 


Salary scale £7,520 - £14,925 per 
annum depending upon age and 
experience. 





Visits to the department are 
encouraged and these may be 
arranged by contacting Professor J B 
Chappell at the Department of Bio- 
chemistry, University of Bristol, 
Bristol BS8 ITD (telephone 0272 
24161 ext 798). 


Further particulars may be 
obtained from the Registrar: & 
Secretary, University of Bristol, 
Senate House, Bristol BS8 1TH, to 
whom applications giving a curric- 
ulum vitae and the names and 
addresses of three referees should be 
sent (quoting reference JC). The 
closing date is 28th February 1985; it 
is hoped to conduct interviews ol 
short-listed candidates in the latte 
part of March and to make ar 
appointment at that time. 

{5107)A 





THE UNIVERSITY OF 
LEEDS 


DEPARTMENT OF PURE AND 
APPLIED ZOOLOGY 
Applications are invited for a post 0: 
post-doctoral 
RESEARCH FELLOW 


in the above department for work o1 
the isolation of the pharyngea 
secretions of cyst nematodes whicl 
induce syncytia in host plants. Thi 
appointment will be made for a fixec 
term of one year with the possibilit! 
of a further fixed-term contract fo 
one year thereafter. 


Prior training in nematology is no 
required but experience with bio 
chemical techniques such as electro 
phoresis (microelectrophoresis, IEF 
SDS, 2D, blotting), high per 
formance liquid chromatography o 
immunochemistry is necessary. 


A part-time technician is expectei 
to be available to assist in som 
aspects of the work. 


Salary in the range £7,520 - £8,92 
on the IA scale for Research an 
Analogous staff according to agt 
qualifications and experience. 


Informal enquiries can also b 
made to Dr H J Atkinson (0532 
431751 ext 380). 


Application forms and furthe 
particulars may be obtained from th 
Registrar, The University, Leeds LS 
9IT, quoting reference no 56/12 
Closing date. for applications 
January 1985... - GAB) 
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FACULTY 
POSITION — UCLA 
The UCLA 


Astronomy 
Department expects to make a 
tenure-track Assistant 
| Professor appointment 
effective July 1, 1985. We are 
seeking outstanding candidates 
in any field of astronomy and 
astrophysics. Besides the 
facilities at UCLA, there is the 
opportunity to use the 
telescopes at Lick Observatory 
and to participate in the 
University-wide project to build 
a 10 meter telescope. 
_ Applicants should include a 
professional history, a list of 
publications; a prospectus on 
. future research directions, and 
the names and addresses of at 
; Teast three individuals who 
|. would be willing to serve as 
. references. 

























F] 
| than February 15, 1985. The 
University of California is an 
egual ; opportunity 
affirmative action employer, 
(NW1105)A 
















-UNIVERSITY OF OXFORD 
SIR WILLIAM DUNN 
SCHOOL OF PATHOLOGY 
POST-DOCTORAL 
RESEARCH SCIENTIST 


| Salary RS1A £7,520-£9,290 
| Applications are invited for the 
|} post of Research Scientist to 
work with Dr N J Proudfoot for a 
period of two years on a research 
programme on the molecular 
genetics of the sodium potassium 
ATPase genes, their structure 
and expression in normal and 
hypertensive humans. Candi- 
dates should preferably have 
experience in recombinant DNA 
technology. The post is available 
immediately and must be filled by 
‘the Ist March 1985. 
J Applications in writing, 
“together with the names and 
| addresses of two referees, to: 
The Administrator, Sir William 
Dunn. School of Pathology, 
. South Parks Road, Oxford 
OX13RE. (5114) 





A POSTDOCTORAL position will be available soon for suitable 





Chemist 


Molecular Graphics and 
Computational Chemistry 


















Smith Kline & French is one of the leaders in the internationa 
ethical pharmaceutical field with a strong commitmentto 
Research and Development. The Molecular Graphics and 
Computational Chemistry Departmentis an integral parto 
research and development team at Welwyn. Its facilities and 
growth have developed on the basis of world-wide liaison. The 
hardware facilities include dedicated VAX 11/780 and PS300 and 
a number of low resolution raster terminals servicing several 
departments. 


















We have an exciting opportunity within this department fora 
Medicinal Chemist whose interest is inthe useofmolecular = 
graphics and computational methods to investigate the < 
problems of drug discovery and development. 









Applicants should have a PhD in Chemistry, preferably with 
some experience of its theoretical and practical applicationsto 
medicinal and synthetic problems and an appreciation of both.” 
the chemical and biological aspects of drug investigation. The 
ability and interest to become involved with the tools of 
computational chemistry and graphics utilities is essential 
however computer programming experience is not a 
prerequisite. 








The job holder will be responsible for applying existing methods 
and advising on the development of new methods for the 
investigation of drug discovery and development. 






We offer a competitive salary and good company benefits. 






Please write for an application form or forward a detailed CV 
outlining qualifications and experience quoting reference no. 
N/102/PB to Penelope Bucknell, Personnel Officer, Smith Kline & 
French Research Limited, The Frythe, Welwyn, Herts AL6 9AR. 











MOLECULAR IMMUNOLOGIS 


qualified applicants interested in studying regulation of immunity to 

tumors. The research program of the Trudeau institute involves the use 

of animal models of infectious diseases and cancers to analyze 

mechanisms of protective immunity at the physiological and cellular 

levels. Applicants should have some training in Immunobiology. The 

starting salary in 1984 is $15,000 plus a liberal fringe benefit package. 
` Subsidized housing is available. 


The Trudeau Institute is a not-for-profit pure research institute 
located on the shore of Saranac Lake, 10 miles from Lake Placid, NY. 
Send résumé and names of three references to: 


Dr. Robert J. North, Director 
Trudeau Institute 

P.O. Box 59 

Saranac Lake, NY 12983 


: An Equal Opportunity. Employer. (NW1257)A 





underrepresented groups are encouraged. 





Assistant/Associate professor, tenure track. Requirements inclu 
establishment of strong, fundable research in immunogeneti 
development of the immune system, or related molecular biology. are: 
ability to teach upper division and graduate courses in immunolo 
experience in molecular biology technologies such as recom nant 
DNA, hybridoma antibody production, or in vitro culture; parti pa 
in a developing area of biotechnology; and a doctorate in'anapp 
discipline. Post-doctoral research experience in immunology.ts sti 
preferred. ; 


Applicants should submit letter of application, detailed 
curriculum vitae, complete university transcripts, names of 
three references, and description of research program to: Dr. 
William K. Collin, Chairman Department of Biology, California 
State University, Fresno CA 93740. © 
The university is an affirmative action/equal opportunity employer. 

Applications from qualified women, minorities and members of other 


(NW1318)A f 




















Gesellschaft fir 
Strahlen- und 
Umweltforschung mbH 
München 










SF is a national research center funded by the Federal 
epublic of Germany and the State of Bavaria with a staff 
f 1500. As a center for environmental sciences we want 
o intensify our activities in the field of “ecology and 
ealth effects of air pollutants’. Therefore, we will found 
epartment of Biochemical Plant Pathology within our 
nstitute of Toxicology and Biochemistry. 

















1e position of the head of this new department at the 
el of a full professor is open to a scientist who has 
tstanding experience in the field of biochemistry 
virology of plants. 


pn 





Candidates are invited to address their letter of 
lication not later than March 8, 1985 to the 














eselischaft für Strahlen- und 
imwel tforschung mbH München 
Scientific Director 
Ingolstädter Landstr. 1 
-8042 Neuherberg 
Federal Republic of Germany 





(W1525)A 


POSTDOCTORAL 
POSITION 


vailable immediately on project collaborative with Ciat, Colombia, 
South America. Successful candidate will develop novel methods for 
inoculating legume seeds for maximum survival of rhizobia in 
jical conditions and will develop a program of characterization of 
ia indigenous to South American soils. Experience with rhizobia 
legumes required, immunology an advantage. While based in 
ca, there will be opportunity to visit and work at Ciat. 
i CV and list of three references to Dr A R J Eaglesham, 
ce Thompson Institute, Tower Road, Ithaca, N.Y. 14853, 


(NW1332)A 



























BIOTECHNOLOGISTS! 


What's going on in the world’s fastest- 
growing scientific discipline? 


To find out, send for a sample copy of 
BIOTECHNOLOGY, the Intemational 
‘Monthly for Biology and Industry, to 


Felicity Parker, Macmillan Joumals, Houndmills, 
Basingstoke, Hants. RG21 2X5, UK 


or 
Paul Siman, Bio/Technology, 15 East 26th St., New 
York, NY10010, USA 





DANISH GOVERNMENT 


SEED PATHOLOGIST 
Applications are invited for the post 
of Seed Pathologist at the Danish 
Government Institute of Seed Patho- 
logy for Developing Countries, 
Copenhagen. The Institute is part of 
the Technical Assistance Programme 
of the Danish International Develop- 
ment Agency (DANIDA) under the 
Ministry of Foreign Affairs. The 
Institute is a teaching, training and 
research institution receiving some 20 
scholarship holders from developing 
countries annually. 


The Seed Pathologist will be re- 
quired to teach various aspects of 
seed-borne diseases of fungal origin, 
conduct practicals dealing with seed 
health testing methods and identifica- 
tion of field fungi associated with 
seeds of tropical and subtropical crops 
and supervise plant pathological re- 
search projects as well as projects in- 
volving taxonomy of fungi. Duties 
include travel abroad. 


The Seed Pathologist will have pos- 
sibilities of conducting independent 
research in fields of relevance to the 
Institute’s work. 


Qualification: Preferably a PhD in 
Plant Pathology with specialization in 
Mycology. 

Experience: A minimum of five 
years of teaching/research in Plant 
Pathology, preferably seed-borne 
disaeases of tropical and sub-tropical 
plants. 


Employment: Two years with pos- 
sibilities of extension. 


Language: Fluency in English 
(read, written and spoken). 


Salary: According to agreement 
between Danish Ministry of Finance 
and relevant Academic Organization 
of applicant. 


Closing date: March Ist, 1985. 


Applications to be sent to: Danish 
International Development Agency 
(DANIDA) Asiatisk Plads 2, 
DK-1448 Copenhagen K, Denmark. 

(W1527)A 


UNIVERSITY OF ALASKA 


DEPARTMENT OF BIOLOGY 
FISHERIES AND WILDLIFE 


BOTANIST 


Tenure-track faculty position. 
Desired research emphasis in eco- 
logical/evolutionary genetics. Will 
teach courses in introductory botany, 
population genetics and area of 
specialty. Expected to advise gradu- 
ate students and develop active 
research program with some rele- 
vance to northern regions. Appli- 
cants must have earned PhD, post- 
doctoral experience preferred. 

Applicants should forward a letter 
of application, curriculum vitae, 
copies of publications and 3 letters of 
reference by 28 February 1985 to: W 
S Armbruster, Chairman, Botany 
Search Committee, Department of 
Biology, Fisheries and Wildlife, 
University of Alaska - Fairbanks, 
Fairbanks, Alaska 99701. 

The University of Alaska is an 
EO/AA Employer and Educational 
Institution. 





INSTITUTE OF SEED PATHOLOGY 


~wia2pa | Fe 
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UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF EXPERIMENTAL 
PSYCHOLOGY 


UNIVERSITY LECTURER 
and 
UNIVERSITY 
DEMONSTRATOR 
or 
TWO UNIVERSITY 
DEMONSTRATORS 


Applications are invited for two posts 
of either a University Lecturer and a 
University Demonstrator (the 
equivalent of University Assistant 
Lecturer) or two University Demon- 
strators in the Department of Experi- 
mental Psychology, appointment to 
commence on 1 April 1985 or as soon 
thereafter as possible. For one of the 
posts preference will be given to 
candidates with interests in 
cognition, psycholinguistics or 
neuropsychology. 


The appointment will be for three 
years in the first instance with the 
possibility for a University Demon- 
strator of reappointment for a 
further two years and for a University 
lecturer of re-appointment for a 
further two years and for a University 
Lecturer of re-appointment to the 
retiring age. The pensionable scale of 
stipends for a University Demon- 
strator is £7980 a year, rising by four 
annual increments to £9860, and for a, 
University Lecturer £10330, a year 
rising by 12 annual increments to 
£15930. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
of the Appointments Committee for 
the Faculty of Biology ‘B’, 19 
Trumpington Street, Cambridge, 
CB2 IQA, to whom applications (12 
copies) including a curriculum vitae, 
list of publications and the names of 
not more than three referees, should 
be sent so as to reach him not later 
than 1 March 1985, {5129A 





UNIVERSITY OF OXFORD 


UNIVERSITY LECTURESHIP 
IN BIOCHEMISTRY 
In association with St Hilda’s 
College of Oriel 


Applications for this post are invited 
from microbiologists with a good 
knowledge of biochemistry. Stipend 
according to age on the scale £7,520 
to £15,930. It is intended that this 
appointment should be held in con- 
junction with a stipendiary tutorial 
fellowship at a college. The 
University has decided that priority 
in this case should be given to St 
Hilda’s which, however, under its 
statutes may admit women fellows 
‘only. Accordingly, if a woman. is 
appointed she may be offered a 
fellowship by St Hilda’s College. If a 
man is appointed he may be offered a 
fellowship by Oriel College. Separate 
applications need not be made for the 
college appointement. 


Further details may be obtained 
from Professor J Mandelstam, 
Microbiology Unit, Department of 
Biochemistry, South Parks Road, 
Oxford OX1 2JD, to whom appli 
cations (nine typed copies, two from 
overseas applicants) with the names 
of three referees should be sent by 1! 
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VANDERBILT UNIVERSITY 
H FORT FLOWERS CHAIR 
OF MECHANICAL 
ENGINEERING 
. The Department of Mechanical and 
_ Materials Engineering of Vanderbilt 
-University announces an endowed 
professorship, the H Fort Flowers 
-Chair of Mechanical Engineering. Ap- 
plications and nominations are invited 
_ for this distinguished position. Can- 
‘didates for this endowed chair must 
“hold academic qualifications and 
-credentials that are appropriate for an 
“appointment as a professor with 
‘tenure. Selection criteria include a 
_ distinguished record of research con- 
_ tributions in Mechanical Engineering 
and the ability to contribute to the 
PhD program in Mechanical Engi- 
- neering and strengthen the Mechan- 
__ ical Engineering faculty in the general 
area of design. 
“Applications and nominations are 
desired by February 15, 1985, and 
_ should be sent to: Dr A M Strauss, 
Chairman, Vanderbilt University, 
Dept of Mechanical & Materials Eng, 
Box 1612, Station B, Nashville, TN 
37235, 


An Equal Opportunity Affirmative 
Action Employer. (NW1291)A 





` UNIVERSITY OF BRISTOL 


IMMUNOBIOLOGY GROUP 
DEPARTMENT OF PATHOLOGY 


“Applications are invited from 
immunologists, biochemists: or: .cell 
biologists for a post-doctoral 
research assistant to join a small 
group working on a project aimed at 
isolating rodent erythrocyte antigens 
and using them to study autoanti- 
body responses. Experience in im- 
munochemistry and/or tissue culture 
an advantage. The post is supported 
by the Medical Research Council for 
three years with a maximum. initial 
‘salary of £8450 per annum. 


“Applications with CV and names 
and addresses of two referees to Dr 
Chris. Elson, Department. of. Path- 
‘ology, Medical School, University of 
‘Bristol, Bristol BS8 ITD. (5102)A 





ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, London W2 
1PG 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required to join the Department of 
Immunology for a period of 3 years 
to investigate the efficacy of a drug 
with immunostimulatory and 
immunosuppressive potential. 
Experience in wide range of immuno- 
logical techniques will be highly 
desirable. Initial salary up to £8,920 
plus £1233 London Allowance. 
‘Curriculum vitae and names of three 
academic referees should be sent to 
-the Assistant Secretary (Personnel) at 
above address. by 25. January 1985. 
io (094) A. 





UNIVERSITY OF LEICESTER 
SCHOOL OF MEDICINE 


TEMPORARY LECTURER IN 
MOLECULAR PATHOLOGY 


Applications are invited for a post of 
Temporary Lecturer in Molecular 
Pathology in the Department of 
Pathology, tenable for three years. It 
is expected that the successful 
candidate will be a post-doctoral 
scientist with wide experience of 
molecular biology, who will take a 
leading role in the establishment of a 
new molecular pathology laboratory 
within the University of Leicester 
Department. of Pathology in the 
Clinical Sciences Building of the 
Leicester Royal Infirmary. There 
will be considerable scope for 
collaboration with certain basic 
science departments within the 
University with the emphasis being 
on. the development of molecular 
biology techniques in relation to the 
investigation of disease processes. 


Initial salary will depend on 
qualifications and experience on the 
non-clinical lecturer scale £7,520 to 
£14,925. 


Further particulars from the 
Registrar, University of Leicester, 
University Road, Leciester, LE! 
7RH, to whom applications on the 
form provided should be sent by | 
February 1985, Informal enquiries 
are welcome and should be directed 
to Professor I Lauder, Department 
of Pathology, Clinical Sciences 
Building, Leicester Royal Infirmary, 
PO Box 65, Leicester LE2 7LX 
(Telephone (0533) 551234, ext 459, 

(5080)A 




















UNIVERSITY OF LONDON 


CHAIR OF RADIATION 
BIOLOGY 
Tenable at St Bartholomew’s 
Hospital Medical College 


The Senate invite applications for thè 
above Chair. Applications (11 
copies) should be submitted to the 
Academic Registrar (N), University 
of London, Malet Street, London 
WCIE 7HU, from whom further 
particulars should first be obtained. 


The closing date for receipt of 
applications is 22 February 1985. 
(S099)A 





UNITED MEDICAL AND 
DENTAL SCHOOLS OF 
GUY’S AND ST THOMAS’S 
HOSPITALS 
Recently qualified 
LABORATORY SCIENTIFIC 
OFFICER 


required for Physiology Department 
at Guy’s to assist with teaching, 
laboratory duties and research. 
Salary on scale £5,738 - £8,096 pa 
plus £1,042 pa London Weighting, 
according to experience and quali- 
fications. 


Applications, including 
curriculum vitae and names of two 
referees, to the Staffing Officer, 
Guy’s Hospital Medical School, 
London SEI 9RT, Ref: G/PY/15, by 
18 January 1985: GHIA F 









be granted to Canadian citizens and permanent residents. 








The International Maize and Wheat Improvement Centre. 
or the Centro Internacional de Mejoramiento de Maiz y 
Trigo (CIMMYT) is a world renowned and international 
funded nonprofit scientific research and training institut 
engaged in a worldwide research program for maize, 
wheat, triticale and barley with emphasis on food 
production in developing countries. The headquarters o 
CIMMYT is at El Batan near Mexico City. 

This internationally constituted Board of Trustees of =. 
CIMMYT has appointed a Search Committee to recruit a. 

























Director-General 
(CIMMYT) 


The Director-General will be responsible for directing a” 
top-flight internationally recognized team of research 
scientists and support staff working at CIMMYT sites in 
Mexico and on special program assignments throughout 
the Third World. Strong leadership will be essential to 
ensure that CIMMYT maintains and expands its record o 
innovation and relevance to urgent Third World food 
problems. Outstanding professional research and 
administrative credentials will be needed to plan 
realistically for short or longer terms, to integrate action 
with ideas, and to catalyse vigorous follow-through on 
programs. Strong diplomatic presence is critical to 
successful working relations with Governments, donors 
and staff. 


A sound scientific qualification and experience preferab 
in agriculture or a related science is a prerequisite with a 
post-graduate degree desirable. oe 
The Director-General will be a very effective communicator 
in English. It is highly desirable that he or she be a 
competent in Spanish as well. 


Significant and extensive experience in managing research 
operations, preferably agricultural research is essential. ee 
The successful candidate should also have had working 
experience in a developing country. ; 
Salary and benefits will be internationally 

competitive. If you are interested in this Mexico- 
based position, please forward your curriculum vita 
to: Chairman, CIMMYT Search Committee, c/o 
IDRC, P.O. Box 8500, Ottawa, Ontario, Canada. - l 
K16 3H9. (NW1340) 


























































UNIVERSITÉ DE SHERBROOKE 


Département de biologie : 
(BIOTECHNOLOGY) a 
Applications are invited for two full-time faculty positions to assur 
teaching responsibilities (in French) in biotechnology. on 
(1) Microbiologist with experience in the field of nucleic acids 
recombinant DNA techniques. EER 
(2) Biologist or biochemist with a strong background of enzymo! 
and experience with fermentation techniques. oe 
Duties also include research within current programs in the Departr 
A PhD degree with, preferably, postdoctoral training is required. Ra 
and salary according to the collective agreement. Please send curriculum 
vitae and reference to: ee 
Monsieur le Doyen, Faculté des sciences Université de Sherbrook 
Sherbrook (Québec) JIH 2R1. cae 
N.B. — To meet the requirements of Immigration Canada, priority will’ 














































(NW1322)A 


























UNIVERSITY OF CAPE TOWN 


Lectureship or 
Senior Lectureship 
in Archaeology 


Applications are invited for the above post, vacant from 1 March, 1985 
Candidates should be qualified in archaeometry (ie science-based 
archaeology) or in a branch of science ciosely allied to it. The 
appointee will teach archaeometry at undergraduate and 
postgraduate level and conduct research as a member of the 
Archaeometry Research Group. 


Appointment, according to qualifications and experience, will be 

made at the rank of Lecturer (salary range R17 267 to R28 889 per 

© annum), or Senior Lecturer (salary range R26 403 to R32 763 per 

= annum). with an annual bonus of nearly one month's salary and 
ractive staff benefits. 


Applicants shouid submit a full curriculum vitae and the names 
and addresses of three referees not later than 15 February 1985, 
to the Registrar (Attention: Appointments Office), 
University of Cape Town, Private Bag, Rondebosch, 

South Africa, 7700. Further information may be 
obtained from the Registrar or the Secretary, 

S A Universities Office, Chichester House, 
278 High Holborn, London WCIV 7HE. 


The University's policy is not to 
discriminate on the grounds of 
sex, race or religion. Further 
information on the 
implementation of this 
policy is obtainable 

on request. 










(W1529)A 


lammersmith and Queen Charlotte's 
“Special Health Authority 

ueen Charlotte's Maternity Hospital 
oldhawk Road, London W6 OXG 


partment of Chemical Pathology 


ASIC GRADE BIO-CHEMIST 

st probationary) 

y pplicants should have a good Honours degree in Bio-Chemistry or 

iemistry and previous experience in Routine Bio-Chemical Analysis 

and preferably Gas Chromatography and/or HPLC. The work includes 

-routine analysis of Catecholamines and related compounds in a SAS 

type programme. There will be opportunities to register for higher 
ualifications. The department is well equipped and includes GC/MS 

other modern instrumentation. 

lease apply, sending curriculum vitae and names of two 

referees to professor M. Sandler, Queen Charlotte's Maternity 

Hospital, Goldhawk Road, London W6 OXG. (5132) 







































UNIVERSITY OF NEW BRUNSWICK 
DEPARTMENT OF BIOLOGY 


he Department of Biology at the University of new Brunswick, 
Fredericton campus, has a position for a Botanist who will be required 
o teach elementary Genetics, to contribute to teaching in the 
otany program and to carry out a vigorous research program. A 
idate is sought who will strengthen existing areas of research and 
eaching in the Department, 
ssistant Professor, two-year term appointment possibly leading to 
re track, to start July 1, 1985 or sooner, by arrangement. This 
position has budgetary approval. 
Apply, giving full curriculum vitae, a letter indicating the nature of a 
aposed- research program, and a statement indicating how the 
sandidate would contribute to strengthening existing areas of the 
-Departmental program. Please provide the names of three academic 


referees to: 
Dr. M.D.B. Burt 
Chairman, Department of Biology 
University of New Bruswick 
Bag Service 45111 
Fredericton, New Brunswick 
E3B 6E1 


Closing Date: As soon as an acceptable candidate 
is identified. 

in accordance with Canadian immigration 
requirements, priority will be given to Canadian 
citizens and permanent residents. (NW1339)A 













/"\ UNIVERSITY OF NEW BRUNSWICK 



























UNIVERSITY OF 
CAMBRIDGE 


The Biotehnology Centre 


The Biotechnology Centre at 
Cambridge has been established to 
foster closer links with industry, to 
achieve two-way technology transfer 
and to train high quality graduates 
from both the physical and biological 
sciences. The Biotechnology Centre 
is engaged in a vigorous and inno- 
vative programme of fundamental 
and applied research in several areas 
including downstream processing, 
biosensors and bioelectronics and 
immobilised biocatalysts. In support 
of this strategy, the Centre expects 
shortly to bein a position toappointa 
Postdoctoral Research Assistant and 
a Graduate Research Assistant to 
work on a project involving the 
development of new techniques for 
the extraction and purification of 
genetically engineered proteins. The 
appointments are for one year but 
with the likelihood of extension and 
carry salaries on National Scales 1A 
(£7520-£12150 pa) and 1B 
(£6605-£8920 pa) respectively. 


Applications enclosing a cur- 
riculum vitae and the names and 
addresses of two referees should be 
submitted to Dr C R Lowe, The Bio- 
technology Centre, University of 
Cambridge, Downing Street, Cam- 
bridge, CB2 3EF by 1 February 1985. 

(S136)A 


E UNIVERSITY OF 
WEST INDIES 
St. Augustine, Trinidad 


PROFESSOR/SENIOR 
LECTURER IN 
AGRICULTURAL 
ECONOMICSApplications are 
invited for the post of Professor/ 
Senior Lecturer in Agricultural 
Economics in the Department of 
Agricultural Economics & Farm 
Management, Faculty of Agriculture. 
Preference will be given to applicants 
with interest in Quantitative Analysis 
and/or Agricultural Development. 
Interest in other areas of Agricultural 

Economics will be considered. 

Salary Scale per annum: Professor: 
TT$91,788 — $111,372; Senior 
Lecturer: TT$69,180 x 1,908 — 
86,352 (Bar) x 1,908 — 190,168. 
FSSU. Unfurnished accommodation 
if available at 10% or furnished at 
124% of housing allowance of 20% 
of pensionable salary. Up to five full 
economy passages on appointment 
and on normal termination. Study 
and Travel Grant. 

Detailed applications giving qualifi- 
cations and experience and naming 
three referees to Registrar, UWI, St 
Augustine, Trinidad, WI. Details of 
post sent to all applicants, but also 
obtainable from the Association of 
Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH 
OPF. (WIS37)A 












ST. GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


POST DOCTORAL 
RESEARCH FELLOW 


required for 2 years from about April, 
1985, to investigate the membrane 
events involved in thyroid stimulation. 
Suitable candidates will have a back- 
ground in biochemistry, 


endocrinology or immunology and 
experience of membrane. techniques 
would be welcome. Salary in the range 
£7,520 — £8,450 plus £1,233 London 
allowance. 


Contact Dr A Johnstone for further 
scientific details and the Personne! 
Office, St George’s Hospital Medica 
School, Cranmer Terrace, Tooting 
London, SW17 ORE (Tel 01-672 1255 
for an application form. Closing dati 
31st January 1985. (5138)A 

















LONDON OFFICE 
Mark Pearson 

4 Little Essex Street 
London WC2R 3LF 
Tel: 01 240 1101 
Telex: 262024 


'NEW YORK OFFICE 
Miss Gene Fein 

15 East 26 Street 
New York, NY 10010 
Tel: (212) 689 5900 


TORONTO OFFICE 


Peter Drake & 

Associates 
17 Pine Crescent : 
Toronto, Ontario M4E ILI- 
Tel: (416) 690-2423 


AND 


ONTARIO 


"DEPARTMENT OF MICROBIOLOGY 
IMMUNOLOGY 
BACTERIOLOGIST 


<- Applications are invited for a tenure- 
-= track position, effective July 1, 1985, 
= as Assistant Professor or Associate 
Professor, depending upon qualifi- 
cations in the Department of 
Microbiology and Immunology. 
Applicants should have a PhD and 
Post-Doctoral training in microbial 
biochemistry, the molecular basis of 
host-parasite relationships or bio- 


chemical aspects of microbial 


"structure. Applicants must have 


-demonstrated continuous ability to 


< conduct and publish original, inde- 
< pendent research. 


=<.. The deadline for applications is 
March 1, 1985. 


=i, The University of Western Ontario 
<- is an equal opportunity employer. 


«Address correspondence to: Dr N 
-< RSinclair, Chairman, Department of 
- Microbiology and Immunology, Uni- 
-versity of Western Ontario, London, 
“Ontario N6A 5C1. (NW1323)A 





INSTITUTE OF CANCER 
RESEARCH 


TECHNICIAN 


-< required to operate a Flow Cytometer 
-vand Cell Sorter and associated 
¿ computer. This facility, housed in 
“new laboratories on the Sutton, 
“Surrey, site offers-a service to other 
departments. in the Institute. 
Candidates should have a 
background in biology or bio- 
chemistry. Previous experience of 
flow cytometry is not required. An 
interest in computing, although not 
essential, would be an advantage. 
Salary in Technician scale £5,491- 
£6,851 pa (pay award pending), plus 
London Allowance of £623 pa. 

Further details can be obtained by 
: Contacting Dr M G Ormerod, CRC 
‘Laboratory, Sutton, Surrey, tel: 643 
8901, ext 294, 

Applications, in duplicate, with 
the names of two referees should be 
sent to the Personnel Officer, 
Institute of Cancer Research, 34 
Sumner Place, London SW7 3NU, 
quoting ref 301/B/70. (5122)A 


UNIVERSITY OF GLASGOW 
: GENETICS DEPARTMENT 


POSTDOCTORAL POSITION 
IN MOLECULAR 
PARASITOLOGY 


A postdoctoral position (range 1A) is 
available in a project funded by the 
overseas development administration 
from 1 February 1985 to 31 January 
1988 to investigate invariable surface 
antigens of uncoated stages of African 
trypanosomes using antisera which 
“have been shown to block transmis- 
of the parasite through the Tsetse 





SOUTHERN ILLINOIS 
UNIVERSITY 
School of Medicine 
DEPARTMENT OF PEDIATRICS 


TUMOR 
IMMUNOBIOLOGIST 


The Department of Pediatrics, 
Southern Illinois University School 
of Medicine invites applications for 
an Assistant Professor non-tenure 
track faculty position. PhD in 
immunology or related field 
required. Applicants may have 
research experience in one or more of 
the following areas: surface antigens 
or tumor cells, polyamines, natural 
resistance, bone marrow 
transplantation. 


Send curriculum vitae and 
description of research abilities to: L 
G Thatcher, MD, Chairman, Depart- 
ment of Pediatrics, SIU School of 
Medicine, PO Box 3926, Springfield, 
Illinois 62708. SIU School of 
Medicine is an equal oppor- 
tunity/affirmative action employer. 
Applications will be accepted until 
February 15, 1985 or until position is 
filled. (NW1334)A 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF PATHOLOGY 


POST DOCTORAL 
RESEARCH ASSISTANT 


required to work on cellular and 
molecular mechanisms of cancer 
development using in vitro 
techniques; experience in cell 
biology, molecular biology or tissue 
culture desirable but not essential. 


RESEARCH TECHNICIAN 
grade 3 required to assist in above 
project; experience in cell biology, 
microbiology or tissue culture 
desirable but not essential. 


These posts are funded by the 
Cancer Research Campaign for three 
years in the first instance. Initial 
salaries within the ranges £7520 
-£9860 pa and £5399 - £5855 pa 
respectively. Applications, in 
writing, with names and addresses of 
two referees, to Dr K D Perry, 
Department of Pathology, Medical 
School, University Walk, Bristol BS8 
1TD. (5108)A 


fly and monoclonal antibodies which 
will be raised in the project. The 
eventual aim is to attempt production 
of transmission-blocking vaccines 
using recombinant DNA technology. 


Some experience in moolecular 
research, preferably with proteins, 
would be advantageous. 


Applications with CV and names of 

2 referees should be sent as soon as 

possible to Dr J D Barry, Institute of 

Genetics, University of Glasgow, 

Church Street, Glasgow Gil 5JS 

(phone 041-339 8855 Ext: 7108). 
(5139A 


CSIRO a 

AUSTRALIA : 
PHYSICAL OCEANOGRAPHER 

(Two positions) == 

$A25,342 —$A37,274 ts 
DIVISION OF OCEANOGRAPHY 


MARINE LABORATORIES 


Biological Resources, Energy and Earth Resour: 
Technology and Physical Sciences. The CSIRO 
Oceanography is a member of the Institute of Physical S 
GENERAL: The Division of Fisheries Research and the | 
Oceanography collectively form the CSIRO Marine Laboratories, wh 
is Australia’s principal marine research institution, employing about: 
scientists and support staff to investigate the physical, chemical a 
biological features, including fisheries, of the oceans around Aust 
Early in 1985, the Division will acquire a new modern oceanograp 
research vessel, which will be operated as a National Facility. At t 
time also a ground reception facility for satellite infrared imagery will 
commissioned. ee 
Computing facilities available include two VAX 11/750's, one locat 
the Marine Laboratories and one on the vessel, and on-line access t 
CYBER-205. eas. 
The interests of the Division in physical oceanography. inclu 
continental shelf dynamics, mixed layer dynamics, air-sea interac’ 
ocean circulation and boundary currents, interpretation and applicati 
of satellite data, surface waves, numerical modelling and geophysi 
fluid dynamics. oe 
DUTIES: The appointee will initiate and conduct research within thi 
fields of oceanography and in relation to existing or future progra 
On occasions, the appointee may be expected to participate in or to le 
research vessel cruises. y 
QUALIFICATIONS: Successful applicants would normally” 
PhD degree in physical oceanography, geophysical fluid dynar 
some other relevant discipline and should be able to demons! 
substantial research aptitude and achievement commensurat i 
experience as well as an ability to collaborate with scientists Wworki 
related disciplines. Ee 
TENURE: Position No A 6813: A fixed term of 3 years or’ yea 
Australian Government superannuation benefits available, = 
Position No A 6814: Indefinite with Australian Governn 

superannuation benefits available. potas 
APPLICATIONS: Stating relevant personal particul: 
including details of qualifications and experience, cop} 
academic transcript, the names of at least two professio: 
referees and quoting reference No A 6813 or A 6814 should 
directed to: : 

The Chief 

CSIRO Division of Oceanography 

GPO Box 1538 

HOBART TAS aa 

AUSTRALIA 7001 - by 4 weeks from date of publication. 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER (W1533)4, 





Postdoctoral positions are available in the following areas: 


1) (Randy Lewis) Biosynthesis of bioactive peptides; isolation 
pep tide and gene sequence and bioactivity. bee 
2) (Nancy Petersen) Regulation of gene expression in Droso 
development. as 
(Tae Ji) Structure, gene expression and biosynthesis hormon 
receptors (LH, FSH, TSH, substance P). ney: 
(Russ Middaugh) Physical biochemistry of immune complex 
lens crystallins and hormone receptors. ce 
(Jerry Johnson) Regulations. of tRNA biosynthesis in eukary 
(Lee Bulla/Sung Lee) Molecular biology of sporulation in Ba 
thuringinens. T 
7) (Clare Villemez) Preparation of immunotoxins for parasitic disea 
organisms. cae 


Please send CV and three letters of recommendation to appropriate 
faculty member, Department of Biochemistry, University of Wyoming, 
Laramie, Wyoming 82071. The University of Wyoming is an equal op- 
‘portunity/affirmative action employer. à 
(NW1336)A © 








"CSIRO 





$A25,342 — 






FIELD: Floral Biology. 





Resources. 

















vantage. 







nefits available. 






should be directed to: 
The Chief 


GPO Box 350 
ADELAIDE SA 
AUSTRALIA 5001 






[TUTE OF GENETICS 
-DOCTORAL/POST- 
ADUATE RESEARCH 
ASSISTANT 


e-Advertisement 


cy exists for either a post- 
Ora postgraduate research 
it to join a group studying the 
f X-linked gene expression 
spite. with special reference 
phenomenon of dosage com- 
n: Our aim is to define the 
nce(s) essential for compen; 
ression of the X-linked sgs4 
nd to. attempt to identify regu- 
lecules that bind to this se- 
Experience in the manipu- 
f nucleic acids, in the isolation 
A binding proteins, or in 
genetics, would be an 
tage but is not essential. 
ries will be on the scale for Uni- 
Research and Analagous Staff 











ames of two referees should be 
o Dr K Kaiser, Institute of 
netics, University of Glasgow, 
ch Street, Glasgow, Gil 5JS; 

339 88 ‘ext TAOS. 


aga 


AUSTRALIA 


ESEARCH FELLOW 


DIVISION OF HORTICULTURAL RESEARCH 
DARWIN NT 


CSIRO conducts scientific and technological research in laboratories 
ited throughout Australia and employs about 7,500 staff, of whom 
me 2900 are professional scientists. The Organization’ s research 
activities are grouped into five Institutes: Animal and Food Sciences, 

iological Resources, Energy and Earth Resources, 
Technology and Physical Sciences. The CSIRO Division of 
Horticultural Research is a member of the Institute of Biological 


GENERAL: The aim of the Division's research is the improvement of 
dy perennial horticultural crops in Australia. These include a range 
leciduous and evergreen species. Emphasis is placed upon the 
velopment of new techniques for the selection and breeding of 
proved plant types and on understanding the complex interaction 
tween plant performance and the environment. 

'UTIES: As a member of a small group, the appointee will undertake 
arch into the floral biology of horticultural crop species. Research 
will concentrate on flowering, pollination and fruit development in a 
nge of crops, with emphasis on the mango and the cashew. The 
teraction between plant performance and the environment is an 
portant aspect of the work, and a range of tropical locations is 
ible fromm the Darwin laboratories. The appointee will spend an 
tial’ period at the Divisional Headquarters in Adelaide to receive 

iliarisation with the Division's work in floral biology. 

E QUALIFICATIONS: A PhD degree or equivalent qualifications in plant 
logy. Experience in floral biology or structural botany would be 


URE: A term of three years, with the possibility of a further term, 
‘exceeding two years. Australian government superannuation 


PLICATIONS: Stating relevant personal particulars, 
cluding details of qualifications and experience, the names of 
least two professional referees and quoting reference No A 


CSIRO Division of Horticultural Research 


SIRO IS AN EQUAL OPPORTUNITY EMPLOYER 


1985. 


$A37,274 


industrial 























by 25 January 1985 
(WI1531)A 














KING’S COLLEGE LONDON 
(University of London) 
DEPARTMENT OF PHYSIOLOGY 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


or 
GRADUATE RESEARCH 
ASSISTANT 


(Re-advertisement) 


Applications are invited from 
persons with qualifications in Bio- 
chemistry, Physiology, or related 
subjects, for a postdoctoral research 
associate or graduate research 
assistant, to work with Dr T J B 
Simons on the effects of lead ions on 
cellular function and the interactions 
of lead and calcium ions at the 
cellular level. The post is available 
now and will be tenable for 2 years. 
Salary at an appropriate point on 
scale 1A or 1B (£6,600-£8,450 per 
annum plus London weighting of 
£1,233 per annum). 


Applicants should send a CV with 
the names of 2 referees to Dr TI B 
Simons, Department of Physiology, 
King’s College London, Strand, 
London, WC2R 2LS, by 31 January 
(SIHA 












MEDICAL RESEARCH 
COUNCIL 
National Institute for 
Medical Research 


LABORATORY OF 
DEVELOPMENTAL 
BIOCHEMISTRY 


Applications are invited from 
postdoctoral candidates for a three 
year appointment. The Laboratory is 
engaged in research on problems 
concerning the regulation of 
structure and function of genes 
during development and on the role 
of hormones and growth controlling 
agents. The work will involve 
extensive exploitation of techniques 
of recombinant DNA and tissue 
culture, so that experience in these 
techniques will be an advantage. 


The salary will be in the range of 
£8530 - £10250 per annum plus £1186 
London allowance, with superannua- 
tion provision. 


Applications should include a 
curriculum vitae and the names of 
two referees and should be sent to 
The Director, National Institute for 
Medical Research, Mill Hill, London 
NW7 1AA before 7th February 1985 
quotingref: DBC/8/TS. (5130)A 





UNIVERSITY OF 
MICHIGAN 


DEPARTMENT OF PEDIATRICS 


POSTDOCTORAL 
RESEARCH FELLOW 


Available immediately. Primary 
research interest in analysing cellular 
proteins by 2-D electrophoresis and 
HPLC for the detection of genetic 
varients and of alterations in 
neoplastic cells. The University of 
Michigan is an equal opportunity/af- 
firmative action employer. Send CV 
to Dr S M Hanash, Department of 
Pediatrics, F6515 Mott Children’s 
Hospital, University of Michigan 
Medical School, Ann Arbor, 
Michigan 48109. (NWI1300)A 


UNIVERSITY OF 
CALIFORNIA 


DEPARTMENT OF NEUROLOGY 


POSTDOCTORAL POSITION 


Structural studies of scrapie prion 
proteins. Purified prion proteins in 
aggregates are available for high 
resolution electron microscopic 
analysis as well as for conventional 
x-ray diffraction analysis of ordered 
assays. Candidates should be US 
citizens or permanent residents, com- 
mitted to a research career and hold a 
PhD degree. Experience in ultra- 
structure techniques and x-ray diff- 
raction is required. Work will be done 
under the joint direction of 
Professors Robert Fletterick and 
Stanley Prusiner. Appointments, 
beginning immediately, are for three 
years with a salary ranging from 
$14,040 to $17,892. 


Send Curriculum Vitae and three 
letters of reference to Dr Stanley 
Prusiner, Department of Neurology, 
HSE 781, University of California, 
San Francisco, CA 94143. 


The University of California is an 
affirmative action, equal oppor- 


tunity employer. (NW1325A | 









_3225/1M. 


AL 
MEDICAL SCHOOL 
(University of London) 


PAEDIATRICS AND 
NEONATAL MEDICINE 


Applications are invited for a post- 
doctoral scientist to work on a project 
supported by Action Research to 
analyse X-chromosome expressed 
sequences with the aim of 
characterising the gene for Duchenne 
muscular dystrophy. 


The project will involve the use of 
recombinant DNA techniques, in 
vitro translation procedures and 
electrophoresis. 


The project will be carried out in 
the Jerry Lewis Muscle Research 
Centre. 


Starting salary on appropriate 
point of Range 1A scale for Research 
and Analogous Staff according to 
age and experience. 


Applications by cv with name and 
address of two referees to Personnel 
Office, Royal Postgraduate Medical 
School, 150 Ducane Road, London 
W12 OHS quoting ref: 28/270. 


Closing Date: 24 January 1985. 
GHDA 





UNIVERSITY OF 
SOUTHAMPTON 


Lymphoma Research Unit 
Tenovus Laboratory 
General Hospital 
Southampton SO9 4XY 


A vacancy will be available on 1 
October 1985 for a 


PhD STUDENT 


to study immunochemical aspects of 
lymphoma, including the therapeutic 
use of antibody. The grant will be at 
the prevanme Research Council 
leve 


Enquiries to Dr M J Glennie. 
Applications to Mr A J Small, 
Staffing Secretary, University of 
Southampton, Highfield, South- 
ampton. Ref (84/23/AJS)/N. 

(5120A 


UNIVERSITY OF GLASGOW 


JOHN GRAHAM KERR 
CHAIR OF ZOOLOGY 


(Re-Advertisement) 


Applications are invited for the 
above Chair tenable from ist 
October, 1985, or such date asmay be 
arranged. This is one of two Chairsin 
the Department, the other being the 
Regius Chair of Zoology. 


The person appointed will be 
expected to have demonstrated ex- 
cellence in research and to provide 
academic leadership in an area of 
modern animal biology relevant to 
the interests of the Department of 
Zoology. 


Further particulars may be 
obtained from the Academic 
Personnel Office, University of 
Glasgow, Glasgow, G12 8QQ, where 
applications (3 copies; 1 copy in the 
case of overseas applicants), giving 
the names and addresses of not more 
than three referees should be lodged 
on or before 13th February, 1985. 


In reply ieee quote Ref 

























“CAMBRIDGE ENERGY 
RESEARCH GROUP 
in the 
University of Cambridge 
DEPARTMENT OF PHYSICS 


‘Cavendish Laboratory 
Madingley Road, Cambridge 
CB3 OHE 


have a vacancy for a 
RESEARCH ASSISTANT/ 
RESEARCH ASSOCIATE 


“to: work on energy modelling and 
“systems. 


: Applicants should have a doctoral 
_ degree or equivalent experience from 
= a science background (or excep- 
-tionally economics) and considerable 
-< computing experience. 


_ Appointments will be for two years 
~ and will be commensurate with the 
University salary scale for Assistant 
Lecturers and Lecturers. Further 
information can be obtained from 
the Information Officer, telephone 
0223 66477 extension 252, 


“Applications includng CV should 
_ be sent to the Information Officer to 
arrive by Monday 25th February 1985. 
(5096)A 












UNIVERSITY MARINE 
BIOLOGICAL STATION 
Millport, Scotland 
and 
UNIVERSITY OF UPPSALA 
Sweden 


` Applications are invited for an SERC 
postdoctoral research assistant (R&A 

TA) for two years from 1 March 1985 

-tovinvestigate molecular ‘signals. in- 
volved in cell communication and cell 
activation in arthropod immunity, 
Experience in biochemistry or 
immunocytochemistry is essential. 


The work will be part of a collabor- 
ative programme with University of 
Uppsala (Dr K Soderhall) into 
invertebrate complement pathways. 


Applications (2 copies) naming 
three referees, to be sent to Dr V J 
Smith, University Marine Biological 
“Station, Millport, Isle of Cumbrae, 
‘Scotland, KA28 OEG. by 28 January 

1985 from whom further particulars 
areavailable. (5082)A 





UNIVERSITY OF OXFORD 


UNIVERSITY LECTURESHIP 
IN BIOCHEMISTRY 
In association with St Edmund 
Hall and Jesus College 
Applications are invited for this post. 
Other things being equal, preference 
will be given to candidates qualified 
to teach physical aspects of bio- 
chemistry. Stipend according to age 
on the scale £7,520 to £15,930. It is 
intended that the appointment will be 
held. in conjunction with a stipen- 
diary. Tutorial Fellowship at St 
Edmund. Hall and a Lectureship at 
Jesus College. 


Further details may be obtained 
from Professor R R Porter, FRS, 
Department of Biochemistry, South 
Parks Road, Oxford OX1 3QU to 
whom applications (nine typed 
copies, two from overseas applicants) 
with. the names of three referees 
should be sent by 1 February 1985. 
ogee DAL 













up to £9,500 




















specialist analytical service. 


















MASSEY UNIVERSITY 
Palmerston North, 
New Zealand 


LECTURER IN SOIL 
SCIENCE 


Applications are invited from 
suitably qualified persons for a 
Lectureship in the Department of 
Soil Science. Applicants should hold 
a Bachelor of Agricultural Science 
degree, or equivalent, and preferably 
have postgraduate experience and 
qualifications. Preference will be 
given to persons with experience and 
a strong interest in applied soil 
physics or soil water management. 


The successful applicant will be 
required to contribute to the teaching 
programme of the Department. 
There are very good opportunities for 
research and the appointee will 
actively be encouraged to participate 
in cooperative research within the 
Department, in addition to develop- 
ing new lines of research. 


The salary range for the Lecturer 
grade is NZ$22,077 - NZ$26,101 per 
annum. 


Conditions of appointment may be 
obtained from the Secretary General, 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF; or 
from the Registrar of the University, 
with whom applications close on Ist 
February 1985. (W1535)A 


We're looking for a man or woman 


Research Microbiologist 
Drinks Industry _ 


Whitbread is a leading name in the brewing industry and our Research Department 
is engaged in a substantial programme of an: ing the de 
and quality contro! of beers, wines and othe 
equipped, including a pilot scale brewing plant, and we are firmly comm 
research aimed at still further improving prod 

Within the Microbiology Section we are n 
of making a creative contribution to the pla 
aspects of production, method develo 


SOUTH MANCHESTER 
HEALTH AUTHORITY 


Christie Hospital & 
Holt Radium Institute 


PATERSON LABORATORIES 


Two post-doctoral appointments are 
available to work on projects 
concerned with early mechanisms in 
chemically induced cancer. The posts 
are financed as part of a Cancer 
Research Campaign programme and 
are for three years initially, 
commencing April Ist 1985. Salaries 
according to age and experience on 
MRC Scale Grade IH. 


1) MOLECULAR BIOLOGIST 


to work on aspects of DNA repair, 
particularly on processes which may 
protect against cancer. Experience in 
gene transfer would be an advantage. 


2) BIOCHEMIST 


with some molecular biological 
expertise to work on mutational 
aspects of butyl adducts in DNA. 
Experience in enzymology and 
polynucleotide biochemistry would 
be appropriate. 


Applications, including cv and 
names of referees should be made to 
Dr P J O’Connor, Paterson: Labor- 
atories, Christie Hospital, Wilmslow 
Road, Withington, Manchester M20 
9BX no later than 22nd February 
1985; (S109)A 


alytical and other work covering th 
r products. Our laboratories are superb! 


uct quality in the future. Se 

ow looking for a Research Microbiologi 
nning and implementation of projects c 
pment and problem solving as well as providing 


ideally with a degree in microbiology or a 
subject, and with a minimum of two years’ post-graduate research experience. Some knowl 
of genetic techniques would also be desirable. cae : 

This is an opportunity to gain valuable experience in a key sector of the food/drinks ind 
and career development prospects are very good. HAR ( 

Starting salary is negotiable but will fully reflect the experience and 
qualifications of the successful candidate. 

Salary will be up to £9,500 pa and company benefits include 
five weeks’ annual leave, contributory pension scheme and 
discounts on Company products. 

Please write or telephone for an application form to 
Mrs M Hawkins, Whitbread & Co Plc, Research Department, 
Oakley Road, Luton, Beds. Tel: Luton 592855 ext. 258/9. 




































5090 












FUND CENTRE AT TE 
INSTITUTE OF CAN 
RESEARCH = 


TECHNICIAN 


Applications are invited: fi 
positions in the Cell Biology 
at the LRF Centre, Chester 
Laboratories, Fulham Road, 
(Director: Dr M F Greaves). 

ence in tissue culture would be use’ 
but not essential. Background kn 
ledge of molecular biology, i 
nology and/or biochemistry 
be an advantage. The work 
cerned with regulator. intera 
between normal haemopo' 
cells and their cellular and hu 
environment, and with th 
ment of these mech t 
leukaemia and other haematol 
disorders. orate 


The appointments willbe 
Technician/Research officer 
depending on age, qualificatio: 
experience of the successful 
dates. £5,491 - £7,747 pa (t ; 
£6,204 - £8,126 pa (research office 
plus London Allowance of £1,04 
(pay award pending). 


Applications, in duplicate, 
the names of two referees to the F 
sonnel Officer, Institute of Cance 
Research, 34 Sumner Place, London 
SW7 3NU, quoting ref eae 
PDA 














































UNIVERSITY OF 
NOTTINGHAM 


SCHOOL OF AGRICULTURE 


‘MEMORIAL 


Sutton Bonington, 
Nr Loughborough 


iy TECHNICIAN GRADE 3: 
Professor FOOD MICROBIOLOGY 
Microbiology 
Molecular Biology) Applications, male or female, are 

; invited for the above post to join a 
new group which will be developing 
novel methods for the detection, 
separation and study of the metabolic 
activities of micro-organisms 
growing in communities. The person 
appointed will also be expected to 
assist with the preparation of 
materials for the practical micro- 
biological courses. Minimum quali- 
fication ONC or equivalent. 






cations are invited for an 
int/ Associate. Professor 
iology in the area of 
_ {Molecular 








The appointment is for 3 years 
from January 1985 and will be held 
within the Department of Applied 
Biochemistry and Food Science. 


rgraduate teaching. 
ications, which should in- 
a full curriculum vitae, list 
publications.and the names of 
ee referees, close on 

ember 3ist, 1984. 

G R Brassard, Acting Head. 
partment of Biology, 
rial University of New- 
ndland, St John’s, New- 
and, CANADA, A1B 3x9. 
accordance with Canadian 
gration requirements, 
will be given to Canadian 
citizens and permanent residents 





The current salary scale is 
£5,399-£6,325 for a 5-day, 37 hour 
working week. 





Intending applicants should write 
or telephone: The Assistant Regis- 
trar, Faculty of Agricultural Science, 
Sutton Bonington, Nr Lough- 
borough, Leics LE12 SRD (Tel: 
Nottm 506101 Ext 8302) for an appli- 
cation form quoting Post Ref 8 











Salary, fringe benefits and travel will be provided. 
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The Howard Hughes Medical Institute 
and 
The National Institutes of Health 


A New Program for Research Opportunities for 
Medical Students 


_ HHMLNIH Research Scholars can spend 9-12 months in one of the 1,000 research laboratories located at the 
NATIONAL INSTITUTES OF HEALTH, Bethesda, MD. 


Further information and applications forms may be obtained by writing to the 
Howard Hughes Medical Institute, PO. Box 330837, Coconut Grove, FL 33133 


UNIVERSITY COLLEGE 
LONDON 


IMPERIAL CANCER 
RESEARCH FUND 


Tumour Immunology Unit 


CELLULAR 
IMMUNOLOGISTS 


Required for post-doctoral appoint- 
ment to assist with projects involving 
human T-cell clones in collaboration 
with a molecular genetics group to 
work at the Fund’s Tumour im- 
munology Unit, at University College 
Medical School, London WC1. 

Appointments for three years. 
Salary range £10,220 to £12,505 en- 
try depending on qualifications and 
experience. 

Applications with CV and names 
and addresses of three referees should 
be sent to:- Professor N A Mitchin- 
son, FRS, Tumour Immunology Unit, 
University College London, Gower 
Street, London WCIE. (5062)A. 





RESEARCH ASSOCIATE - Phd 
Biochemistry reqd + 2 yrs exper in 
Biochemistry + 2 yrs of related 
research. Demonstrate knowledge of 
Biochemistry related to nuclear 
protein replication and repair to 
perform advanced cancer research 
from biochemistry of DNA 
replication proteins and enzymes. 
Perform technical consult & support 
as requested. Full-time, $23,000/yr. 
Send résumé to D C. Does, Rm 324, 
500C St, NW 20001 Job Order 3364. 


awoaa | L 





(NW1145)A 


UNIVERSITY OF 
SOUTHAMPTON 


Lymphoma Research Unit 
Tenovus Laboratory 
General Hospital 
Southampton SO9 4XY 
A 
GRADUATE ASSISTANT 
is required to participate in 
biochemical and immunological 
studies of lymphocytes. Salary on 
University 1B scale for research staff 
(currently £6,600 - £8,920 pa with 
adjustment pending). Appointment 
for 3 years in the first instance, 

commencing 1 October 1985. 


Enquiries to Dr F K Stevenson, 
Applications to Staffing Secretary, 
University of Southampton, 
Highfield, Southampton. Ref 
(84/22/AIS)/N. Gi2DA 


















POSTDOCTORAL 
POSITION 

for a project funded by the DFG 
(1/85-12/87); applicants should 
have experience in biochemistry/ 
cell biology (tissue culture); the 
work is concerned with cell-cell 
interaction, oligodendroglial 
metabolism, myelination. 

Send a CV and a summary of 
previous research and 
publications to Dr. H.H: 
Althaus, Dep. of Neurochem., 
MPI f. exp. Med. 
| Göttingen, H.-Reinstr. 
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“CELL BIOLOGY 
AND PHYSIOLOGY 


Washington University 
School of Medicine 
St. Louis, Missouri 
The Department of Physiology, 
“Washington University School of 
Medicine, St. Louis, Missouri, is 
expanding its commitment to 
research in Cell Biology and 
Cellular Biophysics. Tenure-track 
positions are available for investi- 
gators in the following areas: (1) 
membrane protein function and 
“biogenesis; (2) assembly, func- 
tion, and movement of in- 
tracellular organelles; (3) cell 
motility and contractility; and (4) 
, cell-cell and cell-matrix interac- 
‘tions. Successful candidates will 
be expected to develop an in- 
dependent research program and 
-to participate in the training of 
medical and graduate students. 
-Please submit CV and the names 
| of three references to Dr. Philip 
© Stahl, Department of Physiology, 
| Washington University School of 
i: Medicine, 660 South Euclid 
Avenue, St. Louis, MO. 63110. 
{An Affirmative Action/Equal Op- 
ortunity Employer.) 
: á MY mpy (NW1289)A 








UNIVERSITY OF TORONTO 
(Scarborough Campus) 


DEPARTMENT OF BOTANY 
invites applications for a 


TENURE-STREAM 

ay POSITION 

_ >< (Assistant Professor level) 

‘in cell biology or molecular genetics. 
‘Preference will be given to 
individuals familiar with recom- 
®binant DNA technology. The 
ysuccessful candidate will be expected 
Ro participate in undergraduate and 
graduate teaching and to develop a 
‘strong research program. 





Applicants should, by February 
15, 1985, submit a curriculum vitae 
wand have at least three letters of 
ieference sent to Joan E Grusec, 
wChairman, Life Sciences Division, 
‘Scarborough Campus, University of 
‘Toronto, 1265 Military Trail, Scar- 
borough, Ontario, Canada, MIC 
‘LA, In accord with Canadian immi- 
gration requirements, this advertise- 
ment is directed to Canadian citizens 
and permanent residents (landed 
ummigrants) of Canada. 

(NW1328)A 


UNIVERSITY OF 
CALIFORNIA 
DEPARTMENT OF PATHOLOGY 


STAFF RESEARCH 
ASSOCIATE 


position (salary negotiable) available 
immediately for individual with 
background in human retrovirology 
and cellular and lymphokine 
immunology. Applicants must have 
significant research experience in the 
area of mass production, characteri- 
zation, and isolation of AIDS retro- 
virus and be able to function in the 
P-3 facility. Ability to perform inter- 
feron and interleukin studies critical. 
The successful candidate will be 
working for the UCD AIDs Task 
Force in AIDS retrovirus production 
line and immunological studies. 


Deadline: January 31, 1985. 


Send curriculum vitae and refer- 
ences to: Murray B Gardner, MD, 
University of California, Depart- 
ment of Pathology, School of 
Medicine, Davis, California 95616. 


The University of California Davis 
is an equal employment opportunity, 
affirmative action employer. 

(NW1324)A 





ST MARY'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Norfolk Place, 
London W2 1PG 


DEPARTMENT OF IMMUNOLOGY 


POSTDOCTORAL 
RESEARCH FELLOW 


required to join a group working on 
an MRC-supported experimental 
project on bone marrow trans- 
plantation. This will be a 2-year study 
involving working in more than one 
laboratory. Experience of in vitro 
assays (especially MLR and CML) 
and serological/tissue typing tech- 
niques is desirable. Salary up to 
£10,161 (including London 
allowance) depending on age and 
experience. 


Further information may be 
obtained from Professor L Brent (Tel 
01-723 1252), Please send curriculum 
vitae and the names of three academic 
referees to the Assistant Secretary 
(Personnel) at the above address by 
31 January 1985. (5098)A 


AGRICULTURAL GENETICS COMPANY/ 
UNIVERSITY OF CAMBRIDGE JOINT VENTURE 


POST-DOCTORAL POSITION IN 
BIOTECHNOLOGY 


Applications are invited for the post of post-doctoral research assistant, 


partly funded by AGC and 


rinit 
technology Centre, University of 


College Cambridge at the Bio- 
ambridge. The project will be on 


novel applications of restriction endonucleases in piant genetics and 


virology. The post is available for a period of up to t 
Me 


possibility of renewal. 


ree years with the 


Salary in the range £7,520 to £12,150 


Applications with curriculum vitae and names and addresses of 
three referees should be sent to:- 


Dr P.D.G. Dean, 


Director of Research & Development, 
Agricultural Genetics Company Limited, 
United 154/155, Cambridge Science Park, 


-Milton Road, Cambridge, CB44BH. 


(5130A 





ANNOUNCEMENTS 
















for further details to: 
Miss Patricia Latter, 


London WC2A 3PX, England. 





THE INSTITUTE FOR 
ADVANCED STUDY 
Princeton, New Jersey 08540 


SCHOOL OF NATURAL SCIENCES 


The Institute for Advanced Study 
invites applications for a 


PROFESSORSHIP 


in the School of Natural Sciences. 
Candidates must have distinguished 
records of achievement in research in 
theoretical physics or astrophysics. 
The professors in the Institute’s 
School of Natural Sciences are 
collectively responsible for 
maintaining a strong program of 
research through their own work and 
also by selecting and guiding a 
number of visiting members every 
year. 


Applications, including 
curriculum vitae and list of 
publications, should be addressed to 
Executive Officer, School of Natural 
Sciences, Institute for Advanced 
Study, Princeton, New Jersey 08540. 


An equal opportunity employer: 
women and minority group members 
are encouraged to apply. (NW1327)A 





ASSOCIATESHIPS 





UNIVERSITY OF LEICESTER 
SERC Research Associateship 


ELECTRON 
SPECTROSCOPY OF 
ULTRAIHIN METALLIC 
STRUCTURES 


Applications are invited for an SERC 
supported research associateship for 
a study of ultrathin, lew dimensional 
metallic structures using photo- 
electron spectroscopy and the Syn- 
chrotron Radiation Source at Dares- 
bury Laboratory. The post is avail- 
able for 21 months and the salary is 
from £8450 per annum. 


Applications, including a curric- 
ulum vitae and names and addresses 
of two referees, should be sent to Dr 
C Norris, Department of Physics, 
University of Leicester, Leicester 
LEI 7RH (0533-554455 Ext 174). 

(§103)0 


IMPERIAL CANCER 
RESEARCH FUND DNA 


TUMOUR VIRUS MEETING 1985 


The Imperial Cancer Research Fund is sponsoring a meeting on DNA. 
tumour viruses to be held in Churchill College, Cambridge, Englan 
from 29th July to 3rd August 1985 (5 days). The subject of the meet 
will be the molecular biology of small DNA tumour viruses, particularh 
polyoma virus, SV40 and adenoviruses. it will replace for this year th 
annual Cold Spring Harbour DNA tumour virus meeting. 
The meeting is open to all interested research workers. The scient 
programme will include oral presentations and posters. The cost 
registration, accommodation, food and the abstract book will be £2: 


Anyone interested in attending the meeting should apply immediatel 


ICRF DNA Tumour Virus Meeting 
Secretary, Imperial Cancer Research Fund, Lincoin’s Inn Fields. 






























(5096)G 


UNIVERSITY | 
OF NATAL 


DEPARTMENT OF 
PHYSICS 
DURBAN, SOUTH 

AFRICA 


Applications are invited 
suitably quailfied persons regar 
less of sex, religion, race, colou 
or national origin for appointme 
to the posts of: ~ ee 
SENIOR RESEARCH 
ASSOCIATESHI 
SOLAR-TERRESTRI 
PHYSICS GROUF 


These are contract appoinr 
on the senior lecturer scal 
can be at least 4 years in di 
The posts are intended for: 
lished researchers who wo 
normally be Ph.D’s of at leas: 
years standing in the general f 
of Solar-Terrestrial. Physic: 
Teaching duties are minimal a 
might involve post-graduat 
courses together with supervis 
of research students, 


The Durban Group is intereste 
theoretical and experiment 
studies of the magnetosphere i 
cluding electric fields, wave- 
icle interactions, wave pi 
pagation and magnetic. pul 
ions. Broad-band VLF receiver 
goniometers and low light. T 
systems are operated byo 
group at SANAE (Antarctica, 
There is close collobaration at th 
international level, as well as wit 
other observers at SANAE, onal 
exchange of data basis. i 
Salary in the range: R22 673 - R: 
646 per annum 

The commencing salary no! 
will be dependent on the qua 
fications and/or experience of 
successful applicant. i 
Application forms, and: co! 
ditions of service, including 






























































































retary, South African Univer- 
sities Office, Chichester 
House, London WC1V.7HE or 
the Registrar, Uiversity of 
Natal, King George V Avenue, 
Durban, 4001, with whom ap- 
plications, on the prescribed 
form, must be lodged not later 
than 14 February 1985 quoting 
the reference D113/84. 
(W1524}0 








FELLOWSHIPS 

























from Dr. J. Tooze, 


STUDENTSHIPS 


‘HE UNIVERSITY COLLEGE 
OF WALES 
Aberystwyth 
=> POSTGRADUATE 

TRAINING OPPORTUNITIES 
FOR MATURE STUDENTS 

pplications are invited for post- 
graduate studentships in the 


‘Department of Biochemistry and 
gricultural Biochemistry. 


The research interests of the 
Department lie in the areas of plant 
biochemistry, the structure, assembly 
and functions of membranes, the bio- 
synthesis of porphyrins, natural 
‘products produced by marine organ- 
jsms, sterol and carotenoid bio- 
synthesis and function, mechanisms 
of the metabolism of xenobiotics, the 
nteractions between the microflora 
‘of the rumen, transport of organic 
and inorganic ions across mem- 
branes, aspects of soil science. 


Letters of applications containing 
urriculum vitae and the names of 
two-academic referees should be sent 
to Professor R B Beechey, Depart- 
coment. of Biochemistry and Agri- 
¿cultural Biochemistry, School of 
| Agricultural Sciences, Penglais, 

Aberystwyth, Dyfed, SY23 3DD, 
‘Applications will be considered until 
28 February 1985. (5105)F 


European Molecular Biology Organization 


LONG TERM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 
SPRING 1985 AWARDS 
Next deadline: 20 February, 1985 


EMBO long term post-doctoral fellowships are awarded to 
promote the development of molecular biology and allied 
-research in Europe and Israel. To be eligible a candidate must 
“hold a doctorate degree and the exchange must involve a 
‘laboratory in Western Europe or Israel. EMBO fellowships are 
“not, however, awarded for exchanges between laboratories 
‘within any one country. Long term fellowships are awarded 
initially for one year, but depending on a review of progress, 
-they may be renewed for a second year. In cases of exceptional 
“scientific merit renewal for a third year is possible. The fellow- 
‘ship comprises a return travel allowance for the feliow and any 
-dependents and a stipend and dependents’ allowance. 


Since the selection procedure may include an interview, 
| candidates are requested to respect the deadline for complete 

-applications which is 20 February 1985. Successful candidates 
will be notified of their awards immediately after the meeting of 
the selection committee, which is on 29 April, 1985. 


; Application forms and further details may be obtained 
Executive Secretary, 
© Molecular Biology Organization, Postfach 1022.40, 69 
- Heidelberg 1, F. R. Germany. 


European 


(W1459)E 




















BERMUDA BIOLOGICAL 


STATION 
announces 


FELLOWSHIPS and 
SCHOLARSHIPS 


to assist scientists and students 
wishing to do research or participate 
in summer courses at BBS. While 
individual grants are modest ($2,500 
maximum), they are designed to con- 
tribute to on-site costs such as lab and 
boat rental, housing and tuition. 
For information contact: The 
Director, Bermuda Biological 
Station, Ferry Reach 1-15, Bermuda. 
‘Phone: 809 297 1880. (NW1329)E 


UNIVERSITY OF DUBLIN 


Trinity College 





MOLECULAR GENETICS 
Applications are invited for a 
post-doctoral fellowship to study 
gene expression in yeast. Appli- 
cants should have a higher degree 
in Genetics, Biochemistry or 
Microbiology. Experience in re- 
combinant DNA techiniques is 
desirable. 


The appointment is for one year 
and salary is negotiable within the 
range IR £9,000 - £13,000 p.a. 
Further details can be obtained 
from Dr. David McConnell, De- 
partment of Genetics, Trinity 
College, Dublin 2. Tel: Dublin 
772941 Ext. 1872. 


Applications including full 
curriculum vitae and the 
names of two referees should 
be sent to: Staff Office, No. 1, 
Trinity College, Dublin 2. by 
31st January, 1985. 


{5097E = 
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sciences. 












MENTAL HEALTH FOUNDATION 
FELLOWSHIPS 


Applications are invited for Mental Health Foundation Fellowships 
from suitably qualified persons wishing to pursue Full-time Research 
Work bearing on problems of mental health, mental illness or mental 
handicap, whether in clinical psychiatry or in one of its supporting 


Both Junior and Senior Fellowships are offered in the salary ranges 
of Junior/Senior Lecturer, Junior/Senior Registrar, according to 
seniority and experience, plus superannuation. However, Senior 
Fellowships are only awarded under exceptional circumstances, e.g., 
as a temporary measure prior to the Fellow taking up a permanent 
career post. The appointments, which are also open to candidates from 
overseas, will be for up to three years in the first instance and in 
exceptional circumstances may be extended to five years. Interviews 
will be held in May in London and the Fellowships will be taken up 
between the following July 1st and March 31st. Overseas candidates, if 
shortlisted, must attend for interview at their own expense. 
Closing date: March Ist. 

Application forms and further information may be obtained 
from The Secretary, The Research Committee, Mental Health 
Foundation, 8 Hallam Street, London WIN 6DH. 
















(S087 )E 








UNIVERSITY OF LEICESTER 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
FELLOWSHIPS 


Two postdoctoral positions are 
available within the Leicester Uni- 
versity/ICI Joint Laboratory for 
work on aspects of the control of 
mammalian gene expression. 


The Joint Laboratory provides an 
excellent environment for funda- 
mental research in molecular genetics 
and its staff interact fully with other 
groups in Biological and Medical 
Sciences at Leicester and within the 
sponsoring company. The funding of 
the laboratory is guaranteed until 
September, 1988, and its extension is 
subject to periodic review. 


Additional staff are now required 
to contribute to studies of the 
molecular basis of the tissue- 
specificity and androgen-inducibility 
of the expression of renin genes in the 
mouse. Copy DNA and genomic 
clones have been isolated and used to 
determine the gene structure and the 
patterns of transcription in various 
tissues. The project currently 
involves analysis of the expression of 
manipulated genes after reintro- 
duction into cultured mouse cells. 
Candidates with relevant experience 
of recombinant DNA techniques and 
the transfection of mammalian cells 
will be preferred. The posts will be for 
three years with salaries on the Uni- 
versity scale 1A (£7,520 to £12,150). 


Applications, including cur- 
riculum vitae and the names of two 
academic referees, should be sent to 
Professor W J Brammar, from whom 
further details can be obtained. _ 

GIE 


FOULKES FOUNDATION 
FELLOWSHIPS 1985 


The Foulkes Foundation provide 
financial support for recenti 
qualified science graduates wit 
research experience who want t 
study medicine, and for medice 
graduates who want to take a scienc 
degree. In both cases graduates mu: 
intend to do medical research afte 
qualification. 


Application forms and furthe 
information available from Th 
Registrar, Foulkes Foundatio 
Fellowships, 37 Ringwood Avenu 
London N2 9NT, enclosing sa 
Closing date — 31 March 1985. 

(S091)E 





UNIVERSITY OF ABERDEE? 


RESEARCH FELLOWSHIP 


DEPARTMENT OF MICROBIOLOG] 
AND ZOOLOGY ey 


A vacancy exists for a suitabl 
qualified person to study parasiti 
nematodes for the presence of chiti 
and associated enzymes. This is a on 
year appointment, funded by th 
World Health Organisation. Recer 
biological or biochemical graduate: 
experienced graduate technicians: 
post-doctoral candidates consideré 
Starting date as soon as possible. 


Salary up to £8,920 per annum c 
the IB scale or [A Post-doctoral scal: 


Informal enquiries may be madet 
Professor G W Gooday (Micr« 
biology) or Dr L H Chappe 
(Zoology). 


Further Particulars and Applic: 
tion Forms from the The Secretar: 
The University, Aberdeen, wit 
whom applications (2 copies) shou! 
be lodged by 1 February 1985. 

i _ASOBIDE. 
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The Council of the Royal Society invites applications for 
appointments from 1 October 1985: 


1. An E.P.A. Cephalosporin Fund Research Fellowship for research 
in chemical science applied to medicine. 


2. A Foulerton Gift and Binmore Kenner Research Fellowship for 
“research in chemical science applied to medicine. 


3. A Stothert Research Fellowship for research in medicine, 
“including the science upon which medical knowledge is based. 


4. Florey Fellowship tenable in Australia for research in the 
biomedical sciences. 


` Appointments are subject to the Society's General Regulations 
governing Royal Society Research Appointments {1-3) and the 
conditions of award governing the Florey Fellowships (4). 


All candidates must have a Ph.D. or equivalent research experience. 
There are no restrictions on nationality of applicants or proposed 
places of tenure for 1 or 3. Candidates for 2 must be British nationals 
whose fathers and paternal grandfathers are or were of British 
nationality. Candidates for 4 must be normally resident in the United 
Kingdom and intending, if appointed, to return to the United 
Kingdom after two years in Australia. 


‘The Council of the Royal Society invites applications for 14 
: appointments to be supported from the Society's Parliamentary 
Grant-in-aid and tenable from 1 October 1985 as Royal Society 1983 
University Research Fellowships. 


All applicants must have a Ph.D. or equivalent research experience: 

they must be at least 26:but should not have passed their 33rd 

birthdays by 1 October 1985. In an exceptional case, however, an 

i: award may be made to an applicant who has passed his/her 33rd 

|. birthday by this date but who has outstanding ability for independent 

.. scientific research and who is able to demonstrate that there are 

special reasons why he/she should still be eligible for a fixed-term 

>: research fellowship. Applicants must be British Citizens (of the 
“United. Kingdom) and must hold the appointments in departments of 

science (including agriculture, medicine, mathematics, engineering 

and technology) in universities in the United Kingdom. Persons 

already holding substantive posts in universities in the United 

Kingdom will not normally be considered. 


Appointments, which will be subject to the Society's General 
Regulations governing Royal Society Research Appointments, will 
be for up to five years with the possibility of renewal for two 
successive periods of up to.three and two years. Salary will be on the 
University Lecturers’ scale for non-clinical academic and related staff 
with entry point related to age and London Allowance where 
appropriate. A basic grant of £900 per annum will be provided for 
research expenses. 








Vacant Research Appointments 


Royal Society 1983 
University Research Fellowships 









Salaries and conditions of tenure: 


1. Salary scale £11 327 x £488 to £3 767 per annum. Tenure for 

three years in the first instance, possible renewal for two years: 
2,3. Salary scale £8141 x £467 to £10 476 per annum. Tenure. for 

three years in first instance, possible renewal for two years (2) 
and two years in first instance, possible renewal for further one 
or two years {3}. 

4. Stipend Australian $25 956 per annum (£15 880) for candidates 
under 28 years and $28 181 (£17 240) for those 28 years or over 


For all appointments superannuation benefits will be provided: in 
addition for (4) family allowances and return air fares for the Fellow: © 
and family. There will be some provision for research expenses (1-3)... 
and the point of entry on the relevant salary scale will be determined 
by Council, bh 














Preferred age limits: 
On 1 October 1985: 4. Under 33 
On 11 February 1985: 4. Younger than 30 
Method of application: ate 
Apply (by letter) for application form and further details (stating 
for which appointment). ; 


Address: The Executive Secretary (UMAM), The Royal 
Society, 6 Carlton House Terrace, : 
London SW1Y 5AG. 


Closing date: 11 February 1985 






2, 3. Under 26 








The primary criterion for selection will be the scientific merit of the 
individual applicant based on his or her record so far and on future 
potential. Account will be taken of the facilities and intellectual 
environment being offered by the prospective host department. 
Preference will be given to applicants who wish to hold their : a 
appointments in departments which at present have few or no young - 
(i.e. under 35) staff. Each application will need to be accompanied by 
a statement from the head of the prospective host department who 
will be asked to confirm that the applicant could be expected to be a 
very strong candidate for a permanent post at the end of the 
Fellowship period. 























Applicants who were unsuccessful in 1983 or 1984 should not be 
deterred from applying in 1985 if they are eligible to do so. They. 
should, however, make a fresh application on a new application form 
and arrange for updated statements from referees and the 
prospective head of department to be provided. 


Apply (by letter) for forms for completion by applicant and head of 
department and further details. 


Address: The Executive Secretary (UMAM), The Royal 


Society, 6 Carlton House Terrace, London 
SWITY 5AG. 


Closing date: 11 February 1985 


(5125)E 














“Applications are invited from 
„graduates in biochemistry, cell 


“3eyear PhD Scholarship to study the 
“molecular basis of malignant trans- 
“formation in cells derived from 


addresses to two referees should be 


College of Medicine, Heath Park, 


: information from Dr D Wynford- 
‘Thomas, Department of Pathology, 
























Classitied 18 


GRANTS and SCHOLARSHIPS 








MENTAL HEALTH FOUNDATION 
RESEARCH GRANTS 


© The Research Committee of the Foundation exists to foster and support 
research in all fields bearing on mental health, mental illness and 
disorders of mental development. 
The Committee meets twice a yar to award RESEARCH GRANTS TO 
PROVIDE SCIENTIFIC ASSISTANCE, EXPENSES or EQUIPMENT for 
research workers. 
Closing dates: March 1st for Meeting in May September 1st for Meeting 
in November , ak 
For Grant application forms and further details apply in writing to: 


The Honorary Secretary. The Research Committee, Mental 
Health Foundation, 8 Hallam Street, London WINGDH. (5088)H 











UNIVERSITY OF WALES MULTIPLE SCLEROSIS 
COLLEGE OF MEDICINE RESEARCH 
DEPARTMENT OF PATHOLOGY 

PhD SCHOLARSHIP 


biology, or related subjects, for a 


laboratory-based 
| Australia. 
human and experimental animal 


tumours. The work will focus on the 
“use of gene transfer technology but 
experience in a wide range of cell 


culture techniques will be available. | for Post-Doctoral Fellowships. 


‘The post is available immediately. 


Applications in the form of a 
urriculum vitae with the names and 


submitted to the Registrar and 
Secretary, University of Wales 


Cardiff, CF4 4XN (quoting Ref No 
P4A) within two weeks of the appear- 
ance of this advertisement. Further 


close on Sunday, 31 March 1985. 


University of Wales College of 
Medicine (Tel No 0222/755944 Ext 
(S101I)H 


tralia. (5079)H 






THE NATIONAL KIDNEY 
RESEARCH FUND 


invites applications for renal research grants for consideration at the 
Meeting on 22nd April 1985. 

Application forms for these and travel grants available from 
N.K.R.F. 1848 Station Road, Harrow HAt 2RH (Tel: 01-863 4460). 
(5086)H 


Completed forms required by 4th March 1985. 








Ph.D. Program in 
The Basic Medical Sciences 


The program is offered by the University of South Alabama Graduate 
School in the College of Medicine. The College of Medicine is on the 
university campus in Mobile, Alabama. Mobile is located on Mobile Bay 
and is a center of educational, cultural and industrial development of 
the Gulf Coast. All students admitted receive a stipend ($6,000.00 per 
- year} and tuition waiver. 

“A multidisciplinary core curriculum includes courses in all of the basic 
medical sciences plus biostatistics, scientific writing, scientific ethics 
and effective teaching techniques. The core coursework is followed 
by classical research training microbiology/immunology, pharmacology, 
physiology), or training in an interdisciplinary program tailored to the 
student's career goals, for example molecular biology. 

To apply, request information and application forms from: Dr. Edwin 


J R- Hughes, Director, University of South. Alabama, MSB 1015, 
| Mobile Alabama 36688. Telephone: 205/460-6135. (NW1338)H 








Applications are invited for Grants 
funded by the Society for research 
related to Multiple Sclerosis. Support 
will be provided for approved clinical 
or epidemiological work as well as for 
studies within 


Applications from suitably quali- 
fied persons will also be considered 


Intending applicants for project 
grants should write for further in- 
formation to the Executive Director, 
National Multiple Sclerosis Society 
of Australia, 616 Riversdale Road, 
Camberwell, Vic 3124. Applications 


Dr J F Hallpike (Chairman), Dr 
E L French (Deputy Chairman), 
Research Advisory Board, National 
Multiple Sclerosis Society of Aus- 
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WORKSHOPS 





A N N O U 







Presented by: The Program in 
Molecular Biology & 
Biotechnology, University of North 
Carolina at Chapel Hill 

May 19-30 

Chemical Synthesis of DNA 
Oligonucleotides 

June 8-22 

Molecular Genetics: 


Chromosome Structure and 
Function 













To apply:Send a brief description 
of your research interests and the 
relevance of our course to your 
plans. Send a brief resume of your 
training, institutional affiliation 
and contact telephone number to 
Dr. John Newbold, Workshop 
Coordinator, Program in 
Molecular Biology & 
Biotechnology, University of North 
Carolina at Chapel Hill, 4th Floor 
Swing Building, 217H, Chapel 
Hill, N.C. 27514. 


Application Deadline: 
March 4, 1985 


Acceptance notification by: 
April 1, 1985 
























Universis of Nerth Carolina at Chapet Hill 





G 
CAROLINA WORKSHOPS 














N C I N 





Thanks— 
The Carolina Workshops 
commends the teaching faculty 
who conducted programs in the 
1984 session: 

Alan Bankier, MRC, 
Cambridge, UK 

Howard Coyer, Pharmacia, P-L 
Marshall Edgell, UNC 

Mary Harper, NIH 

Clyde Hutchison, UNC 

Daniel Loeb, UNC 

Susan Lard, UNC 

Ronald Swanstrom, UNC 

David Ward, Yale 

Raymond White, U of Utah 
And, we gratefully acknowledge 


support from the following 
sponsors: 


Beckman Instruments 
Bethesda Research Laboratories 
Bio-Rad Laboratories 


Eastern Microscope Co., 
Zeiss Instruments 


International Biotechnologies Inc. 
Intelligenetics 

LKB Instruments 

New England Nuclear 
Pharmacia P-L Biochemicals 


Promega Biotech 


(NW1316)V 





Savant Insi PURES 








continued on page 20 
ASSISTANTSHIPS 
UNIVERSITY OF OXFORD QUEEN MARY COLLEGE 
pe ae School of Mathematical 
DEPART sia EN ULTURAL Sciences 
THEORETICAL ASTRONOMY UNI 
POSTDOCTORAL RESEARCH POSITIONS 
RESEARCH ASSISTANT IN IN THEORETICAL 
NMR SPECTROSCOPY ASTRONOMY 


Applications are invited for an 
AFRC Postdoctoral Research Assist- 
antship to work on the development 
and application of NMR methods for 
the non-invasive study of plant cell 
metabolism with Dr B C Loughman 
and Dr R G Ratcliffe. Applicants 
should be experienced NMR spectro- 
scopists with an interest in biology 
and the application of in vivo NMR 
methods. The successful candidate 
will play a key role in establishing a 
plant NMR facility based on the 
Department’s new Bruker CXP 300 
spectrometer. The post is available 
from ist May 1985, or as soon as 
possible thereafter, for a period of 
two years with a possible renewal for 
a further year. The salary will be on 
the Research Scale IA (£7,520- 
£12,150) with membership of USS. 
Further information can be obtained 
from the Administrator, Department 
of Agricultural Science, Parks Road, 
Oxford, OX1 3PF. Applications G3 
copies), comprising a full curriculum 
vitae and names of two referees, 
should reach the Administrator by 
ist March 1985. -{5085)P. 


Applications are invited for any 

several post-doctoral resears 
assistantships in the Theoretic 
Astronomy Unit, School of Math 
matical Sciences. Enquiries co 
cerning the lively visitor programr 
are also welcome. The Unit is acti 
in a wide range of subjects, includi: 
solar system dynamics, solar ai 
stellar physics, space plasmas, bina 
systems and accretion, infra-red -ai 
submillimetre astronomy, cosmo! 
gical astronomy, and non-newtoni 
gravity and general relativity: T 
positions are normally appointed f 
one or two years, with a possit 
renewal for a third year. Salary is 
the range of £8,753-£10,6 
including London allowance. 


Post doctoral candidates shot 
write enclosing 2 copies of a 
riculum vitae, publication list, a d 
cription of recent work, a resear 
proposal and names and addresses 
two referees to the Assistant P 
sonnel Officer, Queen Mary Colle; 
Mile End Road, London El 4) 
Closing date 15 February 1985. 

-oo GBE 
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- FEBS-COGENE Lecture Course 


Frontiers in Molecular Genetics 
Nairobi, Kenya, 23-31 March 1985 


A Lecture Course in Molecular Genetics will take place 
in Nairobi, Kenya, between 24-31 March 1985 under the 
auspices of FEBS, and COGENE, the Committee on 
Genetic Experimentation of ICSU, the International 
Council of Scientific Unions. The Course is intended for 
-.§0-60 participants from African and Middle Eastern 
countries; it will take place on the Chiromo Campus of 
the University of Nairobi. The Course will be patterned 
on the intensive lecture courses organized by EMBO. 
: Participants will take an. active part. Financial help will 
be available to defray, at least in part, travel and living 
‘expenses of participants. 


The teaching staff will include: G. Bernardi, paris; S. 
Cohen, Stanford; C. Croce, Philadelphia; F. Gros, Paris; 
U. Littauer, Rehovoth; J. McGhee, Calgary; Z. Schwarz- 
Sommer, Cologne; D. Secher, Cambridge; A. Skalka, 
Nutley; W. Szybalski, Madison; D. Woods, Capetown. 


Applications, including a curriculum vitae and 
current research interests, should reach, before 
January 31 to the Course organizers: G. Bernardi, 
Laboratoire de Génétique Moléculaire, Institut 
« Jacques. Monod, 2, Place Jussieu, 75005 Paris, 
France, and Dr. T.K. Mukiama, Department of 
< Botany, University of Nairobi, Chiromo Campus, 
<. P.O. Box 30197, Nairobi, Kenya. (W1512)C 





London School of Hygiene and Tropical Medicine, the Joint 
Medical Schoo! of University College and the Middlesex 
Hospital and the Bloomsbury District Health Authority. 


MSc in 
Medical Microbiology 


(University of London) 

Advanced academic, practical and clinical training in all branches of 
medical microbiology for one year is provided by a full-time course by 
the Department of Medical Microbiology and other Departments of the 
School with clinical teaching by the staff of University College and the 
Middlesex Hospital Medical School and the Teaching Hospitals of the 
Schools and the Bloomsbury District Health Authority. 
; a Specialised options for 10-12 weeks in either advanced medical 
bacteriology, virology, clinical microbiology, immunology, mycology, 
‘medical parasitology or molecular biology are available. 
The MSc course is suitable for candidates qualified in medicine, 
dentistry, veterinary medicine, science, pharmacy and to others with 
approved qualifications and experience. 
Successful candidates are eligible for exemption from the examination 
for the Primary MRCPath if other College requirements are satisfied. 


MRC Studentships may be available to UK residents. 


Applications to the Registrar, London School of Hygiene and 
Tropical Medicine, Keppei Street (Gower Street), London WC1E 
=: JHT, notlaterthan.1.May 1985. (4864)C 


CONFERENCES and COURSES 
























Marine Biological Laboratory 


Courses 
May — August 
1985 


Biology of Parasitism — 
Paul Englund, John Hopkins Medical School; and 
Alan Sher, National Institutes of Health; 
Co-Directors. 


Biophysics of Neural Function 
Daniel Alkon, NINCDS, Director 


Cellular Neurobiology of the Leech 
John Nicholls, Biocentrum, Basel, Director 


Embryology: 
A Modern Course in Developmental Biology 
William R. Jeffery, Texas; and Bruce Brandhorst, 
McGill; Co-Directors 


Marine Ecology 
Peter Frank, Oregon, Director 


Microbiology: 
Molecular Aspects of Cellular Diversity: 
Ralph Wolfe, Illinois; and Peter Greenberg, 
Cornell; Co-Directors 





Neural Systems and Behavior 
Darcey Kelly, Columbia; and Tom Carew, Yale; .. 
Co-Directors 


Neurobiology 
Arthur Karlin, Columbia, Director 
Physiology: 
Cell and Molecular Biology 
Robert D. Goldman, Northwestern, Director 


Deadline for Applications: March 1, 1985 
For further information contact the Office of 
Grants and Educational Services, MBL, Woods 
Hole, MA 02543. (617) 548-3705 x 216. 


Financial aid is available from both federal and 
private funds. 


NWD | 








ELEVENTH EMBO SYMPOSIUM 


Growth Factors, Receptors, 


and Oncogenes 
16-- 19 September 1985 


EMBL, Heidelberg (F.R.G.) 





























‘invited speakers include: 

M. Barbacid (Frederick), T. Blundell (London), J. Brocks {London}, 
A.W. Burgess (Melbourne), S. Courtneidge (London), F. Cuzin (Nice), 
M: -Czech (Worcester), T.M. Dexter (Manchester), A.J. van der Eb 
(Leiden), J.R. Feramisco (Cold Spring Harbor), F. Fox (Los Angeles), 
A.G. Gilman (Dallas), T. Graf (Heidelberg), W. Greene (Bethesda), 
~McJ. Hayman (London), C. H. Heldin (Uppsala), A. Hunter (La Jolla), 
<D: Metcalf (Melbourne), W. Moolenaar (Utrecht), H. Moses 
{Rochester}, R, Müller (Heidelberg), D. Nathans (Baltimore), P. Nurse 
(London), A. Pardee (Boston), P. Parker (London), J. Pouyssegur 
{Nice}, P. Rigby {London}, A. Roberts (Bethesda), E. Rozengurt 
(London), D. Russell (Dallas), J. Schlessinger (Rehovot), C. Stiles 
(Boston), A. Ullrich (San Francisco), M. Waterfield (London), R. 
‘Weinberg (Boston), M. Wigler (Cold Spring Harbor). 


The plenary sessions will cover: 

“Cell: cycle control; hematopoietic systems; growth factors and 
inhibitors; receptor structure and function; gene activation; regulation 
by phosphorylation; ion movement and signal transmission; second 
“Messengers; oncogenes. In addition there will be two poster sessions. 


“Application: 
‘The deadline for applications is 15th April 1985. An Application form is 
to be published in the EMBO Journal, volume 4, issues 1,2 and 3, 1985. 
Applicants are requested to photocopy the form and use it to apply for 
participation, The total number of participants will be limited to 250. 
e registration fee, which includes daily transport to the EMBL from 
Heidelberg during the Symposium, lunches, and the Symposium 
“reception is DM 180, for graduate students DM 90, and for participants 
rom: industry DM 360. Participants will be accommodated in hotels in 
Heidelberg and in the EMBL guest houses. The registration fee does 
NOT cover the cost. of accommodation. The registration fee should 
NOT be sent until you have been notified of your acceptance for the 
Symposium. 
Organizing Committee: 
"T; Graf (EMBL, Heidelberg) — Chairman, F. Cuzin (Nice), L. Philipson 
(EMBL, Heidelberg), P. Rigby (London), J. Tooze (EMBO, 
Heidelberg), M. Waterfield (London). (W1505)M 
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SEMINARS and SYMPOSIA 


NATO ADVANCED STUDIES INSTITUTE 


TARGETING OF DRUGS 
WITH SYNTHETIC SYSTEMS 


24 June - 5 July 1985 
Cape Sounion Beach, Greece 


Lectures and tutorials in English will cover: (a) Receptors in normal and 
diseased cells; {b} polymers, particles, polymeric matrices, colloids, 
liposomes and other biodegradable systems as carriers for the delivery of 
drugs; (c) receptor-mediated targeting; (d) relevant methodology: (e) 
industrial and clinical aspects. 


Lecturers and tutors will include: 


G. Ashwell (Bethesda 

D. Chapman (London) 

P. Couvreur (Chatenay-Malabry) 
S.S. Davis (Nottingham) 

P. Ferruti (Brescia) 


C. Nicolau (Orleans) 

L. Olsson (Copenhagen) 

D. Papahadjopoulos (San Francisco) 
J. Pitha (Bethesda) 

G. Poste (Philadelphia) 

G. Gregoriadis (London) P.S. Ringrose (Sandwich) 
S. Hakomori (Seattle) H. J-P. Ryser (Boston) 
A.P. Jarvis Jr. (Needham Heights) E.H. Schacht (Gent) 

R. Kirsch (Phitadelphia) J.A. Summerfield (London) 
G. Lopez-Berenstein (Houston) E. Tomlinson (Horsham) 
J.B. LLoyd (Keele) A. Trouet (Brussels) 

N. Mcintyre (London) K. Yagi (Nagoya) 


Please send application (there is no special form) with brief c.v. to the ASI 
Director Dr. Gregory Gregoriadis, Medical Research Council Group, 
Academic Department of Medicine, Royal Free Hospital School of 
Medicine, London, NW3 20G, UK (Tel. 01-795 0500 ext. 3999). Upon 
acceptance (by 30 March 1985) a fee of about UK sterling £300 will be 
required to cover registration and double room accommodation (sharing), 
half-board. Participants will pay travel expenses and evening meals. 
Limited to 100 persons. 


Organising Committee: D. Chapman, G. Gregoriadis (Chairman), C 
Nicolau, J.B. Lloyds, G. Poste, J. Senior and A. Trouet (Co-Chairman) 


ASI co-sponsored by SMITH KLINE FRENCH LABORATORIES 
(W1534)M 


WORKSHOPS contd. 
INTRODUCTORY 





APPOINTMENTS WANTE 





September 1985 
Separate laboratory-based 
workshops on - 


PROPOSALS 
{a) PROTEINS 





{b} NUCLEIC ACIDS 
Details and application forms 


from Dr J Walker Biological & 
Environmental Sciences Divi- 
sion, The Hatfield wor 
technic, Hatfield, Herts, AL10 
9AB England. (4922)V 


COURSES AND CONF. contd. 
NATO ADVANCED STUDY 
INSTITUTE ON CHEMICAL 

TRANSPORT IN 

METASOMATIC PROCESSES 


NEUROSCIENCE 
RESEARCH GROUPS 


The university of Alberta intends to establish a neuroscience research 
"group, or groups, funded through the Alberta Heritage Foundation for 
Medical Research. Proposals are invited from productive investigators 
wishing to join and/or direct these groups. Proposals will be considered 
-in any area of neuroscience, but there is particular interest locally in 
the areas of Rehabilitation Neuroscience, Developmental Neurobiology 
"and Alzheimer's Disease. Basic science approaches which will lead to 
important clinical applications, are particularly desirable. University rank, 
departmental affiliation and salary will be appropriate to the experience 
of successful candidates. 


"Applicants should apply enclosing a curriculum vitae, a short statement 
: sp proposed research and the names of three referees by January 31st, 
to: 


to be held June 3-16, 1985, 
in Attica and the Cyclades, 
Greece. Participation is 


Associate Dean of Medicine, Research limited f to 95 scientists. 
Faculty of Medicine Applications should be sent 


University of Alberta to: Harold C. Helgeson, 


13-117 Clinical Sciences Building 
Edmonton, Alberta, Canada, T6G 2G3. Dept. of Geology and Geo- 
physics, University of Cali- 


= The University of Alberta is an equal opportunity employer, but in ac- 
-cordance with Canadian Immigration requirements priority will be given À 

to Canadian citizens and permanent residents of Canada. fornia, Berkeley, CA 
{NW1292)X 94720, USA. (NW1335)C 
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Send for your complete information package today. 
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Proteins separated on a 200 u thick polyacrylamide gel 
with Pharmalyte 3—10 show sharp bands. 


Pharmacia 


Laboratory Separation Division _ 
S-751 82 Uppsala, Sweden 





Only with the new LKB Horizontal 
Electrophoresis System do you also get... 


A choice of 
3 preparative methods 


Preparative electrofocusing in Immobiline gels is the 
newest, most efficient way of separating proteins in 
quantities up to 1 gram. LKB Immobilines combine 
greatly improved resolution with sample recovery rates 
of up to 98%. And the absence of soluble carrier 
ampholytes means that high resolution preparative t 
electrofocusing of low molecular weight substances is 
now fully practicable. 
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— preparative electrofocusing of hemoglobin, pH 6.0-8.5 


Preparative electrofocusing in granular gels is a more 
traditional method using Ampholine carrier 
ampholytes, and is also catered for by the LKB 
Horizontal Electrophoresis System. The enlarged 
cooling plate of the new Multiphor II doubles the 
sample capacity, while the movable electrodes give 
increased flexibility. 





-preparative isotachophoresis of human serum proteins 


Preparative isotachophoresis is the third choice offered 
by the LKB Horizontal Electrophoresis System, and is a 
low-cost alternative giving good resolution for 
separations based on protein mobility. The twin 
integral buffer reservoirs permit gels to be run either 
across or along the length of the cooling plate. 


<4 -preparative electrofocusing of hemoglobin using 
Immobiline, pH 6.5 to 8.5 


This is one in a series of advertisements describing the 
unrivalled versatility of the LKB Horizontal 
Electrophoresis System. For further information about 
preparative methods, and the many other applications 
of the system, send today for our brochure. 
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on the new and improved Multiphor II, Box 305, S-16126 Bromma, Sweden. 
the system also includes a 5K V power Tel. 08-98 00 40, telex 10492 
supply, thermostatic circulator, laser ee. sales ag 

i i ‘ nstruments, inc. 
—— and data evaluation 9319 Gaither Road, Gaithersburg, Maryland 20877. 
peek wie Tel. 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
In addition to the instrumentation, UK sales office: 
LKB provides a range of 18 major kits LKB Instruments Ltd., 
plus a complete programme of high 232 Addington Road, S. Croydon, Surrey CR2 8YD. 
quality chemicals, supplies and England. 
accessories, backed by the full Tel. 01-657 8822, telex 264414 
worldwide support of the market leader Other sales offices in: 
in electrophoresis and electrofocusing. Antwerp, Athens (for Middle East), Bangkok, 
scams P Copenhagen, Lucerne, Moscow, Munich, 
LKB-—the electrophoresis experts. Paris, Rome, Turku, Vienna, Zoetermeer 
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The pace of today’s biologi@aiiig@erch allows no compromise in the 
performance of your separ diom) ls. No compromise in performance 
means instruments and sega media designed and optimized 
specifically for biomolecules Pharmacia FPLC System stands alone 
as the original high perfor Memeh quid chromatography system 
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è Enzyme purification 
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è Purification of biologica e peptides 
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FPLC is a unique approac |  Naemeemdbberbetctecmaelcmbelueerier-tnle litera. 
of traditional HPLC techngiogt Eor the last 20 years, traditional HPLC 
pump design, high pressu eons and stainless steel wetted surfaces 
were developed to solve pr@iiigmmmeifferent from the ones you have today. 


Why “make-do” with compagmiig@using old HPLC technology when 
FPLC has proven itself wifiiiig@idifficult samples as monoclonal 
antibodies, restriction enzmesiBlood, urine and viral proteins? 


After 25 years of experien@@iiimaey eloping basic separation methods like 
gel filtration, affinity chromiigiiii/™™aphy and chromatofocusing, we at 
Pharmacia can tell you thaiimimeorporates some of the most 
significant discoveries in =  .. . -m@Seel@cmselBbelousrelelas lene’ 
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FPLC respects the origins othe piomolecule and achieves 
unprecedented speed, resolution and recovery. 
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For quantitative autoradiography- 
3H/“C micro-scales 


The ultimate reference 


Amersham now offers researchers convenient 
and economical products allowing tritium and 
carbon-14 labelled compounds to be 
accurately quantified in a wide variety of 
biological systems. 


[3H] and ['4C]Micro-scales provide the 
precision and reliability required for these 
studies and will greatly facilitate the general 
use of quantitative autoradiography. 


[SH]Micro-scales are supplied in two 
overlapping activity ranges allowing accurate 
quantitation for autoradiographic exposures 
from 1 week to 12 months. 


[SH]Micro-scales are available in packs 
containing one multilayer block: 
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Polymer autoradiography 
activity range Code time 
3-110nCi/mg RPA.501 2-3 weeks 
New -for receptor studies 
0-1-16nCi/ma RPA.505 4-6 months 
-E ['4C]Micro-scales are supplied in packs 
—| (|) jo containing either three or twenty 120um strips 
= —_— — individually contained in glass tubes: 
~ fj keen g ome : 
od foe fo Optimum 
& EB. Polymer autoradiography 
: EEO activity range Code time 
LEES] — romy 
tE oe eed 31-883nCi/g RPA.504 (3 strips) 6 days 
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= RPA.504L (20 strips) 
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For further information, contact Research Products Technical 
Service at Amersham or your local representative 


Amersham International pic 
Amersham England HP7 9LL 


telephone Little Chalfont (024 04) 4444 MAamershar Į } 
telex 83141 ACTIVAG 
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Pogonophoran worms at a newly discovered low- 
temperature hydrothermal vent in the Axial Seamount, 
Juan de Fuca Ridge. White patches on the right are 
bacterial mats. (See page 212). 
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... because Superose™ from Pharmacia is the peak of evolution in high 
performance gel filtration for the separation of labile biomolecules. 


Over the past 25 years, Pharmacia has developed a broad range 
of chromatography media, including Sephadex”, Sepharose®, 
Sephacryl®, MonoBeads™, ProRPC™, and PepRPC™, 
together with the FPLC System, to meet the ever-gro- 

wing requirements of experienced, innovative and 
demanding groups of researchers throughout 

the world. 


Now, the FPLC System and Superose 
from Pharmacia allow you to use 
high performance gel filtration 
without the limitations impo- 

sed by silica and stainless 
steel. 


With the introductio) 
of Superose, the Pharma 
cia range of high performance 

chromtography media, includin; 
MonoBeads, ProRPC and PepRPC 

has been extended to provide you with ge 
filtration media for fast, high resolution sepa 
rations of biomolecules, from small peptides t 
large proteins and DNA-fragments. 


e High performance prepacked glass columns 
è Reproducible results 
è High recovery of biological activity 


è pH stability (1-14) : 
Superose™ 
High Performance Gel Filtration 
EE e i 


è Extended column life 
Sane rr 


e Pharmacia know-how 
a Sephacry|® RSA DEAE-Sephacel® s 


... SO go all the way : : 
i hee Pa 7s > 
CNBr-activated fg] Sepharose" B| RPC | 
Superose pre-packed glass columns with high chemical Sepharose® fA] ion exchangers Fm s 
and pH stability, up to pH 14, provide you with unequalled z 
flexibility in your choice of eluents and greatly simplify 
_ your column cleaning routines. 
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_ Superose allows you to perform rapid separations | Sepharose® FWY 

= {20-60 min) while obtaining high resolution and high tote antes hanes - 
recovery, facilitating and improving your work in re- Seem] Sephadex® P 

| search, quality control or process development. ion exchangers =a 





| Superose has been especially developed for bioscientists 
= andis optimized for high performance separation of proteins, 
DNA-fragments, peptides and other biomolecules. 
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Introducing the Syn-Thor 2000 from 
Peptides International. Excellence compounded. 


Excellence in a Solid Phase 
Peptide Synthesizer. 
Recent advancements in the 
field of peptide synthesis 
have created the need for a 
moderately priced but 
versatile new instrument that 
can be used to synthesize 
peptides rapidly and reliably. 
That instrument is here 
today, the new Syn-Thor 
2000. It’s fast 
accurate rugged... and 
so easy to use that it will 
benefit everyone from the 
novice to the most 
experienced peptide chemist 


Compare these features with any 


other solid phase synthesizer 
on the market today: 

@ A user-friendly, menu 
driven program 

m Over 50 help screens are 
available to help guide you 


through any synthesis process 


m 10 pre-programmed files 
are adaptable to any 
synthetic scale 

m Prepares anywhere 
from 100 mg to 50 grams 
of peptide 

m IBM PC, color graphics 
monitor and dual disk drive 
(printer optional) 


. @ Automatic checks maintain 


desired synthesis process 

a All Teflon valves plus nitrogen 
purging/self-cleaning lines 

w Lots of other outstanding 
features 
Special introductory price 
only $27,950. 
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products are guaranteed to be 
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within 30 days for a full refund 
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or more information, please 
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Peptides International 
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USA 
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A Preparative Rotor has been developed to accommo- 
date the needs of individuals interested in concentrating 
large volumes of aqueous and organic solvent based 
solutions both alone and in combination. Concentration 
of sample proceeds in exactly the same reliable “no- 
Bump” manner exemplified by the current Speed Vac 
methodology and accepted so widely throughout the 
scientific community. 


The Prep Rotor is fitted with a disposable molded virgin 
pean ai insert liner in which the sample is actu- 
ally concentrated for ease of handling. This rotor will 


Savant 





Speed Vac is a registered trademark and patented by Savant instruments, inc 











ED VAC” 


centration 


accept an initial charge of 250ml, which may be re- 
peated to achieve volume reduction of solutions larger 
than 250ml. 


You will be surprised at the low cost of interfacing the 
Prep Rotor with your existing Speed Vac system. You 
may prefer to install this as a dedicated system. 
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Write or call for facts. 


Savant Instruments, Inc. 
221 Park Avenue, Hicksville, NY 11801 (516)935-8774 
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Geneva may be a can of worms 


Last week’s meeting at Geneva has committed the Soviet Union and the United States to solve three 
huge problems in arms control which have individually been insoluble. Is that wise? 


THE. outcome of last week’s meeting between the United States 
and the Soviet Union is a disappointment. The occasion may yet 
turn out to have sown the seeds of greater danger. For, on the face 
. of things, the agreement between Mr George Shultz and Mr 
Andrei Gromyko that there should be three interlocking parallel 
negotiations on strategic arms control (long-range missiles, 
- intermediate missiles and anti-missile systems) is a recipe for a 
< repetition of the breakdown at the end of 1983 of the earlier 
< negotiations on strategic arms. The two men have in effect 
promised to build an exceedingly ambitious house of cards. The 
obvious danger is that the whole edifice will come tumbling down 
long before it can be completed, as one side takes the view that the 
other has done something to jeopardize the spirit of the 
negotiations due to begin in March or thereabouts. Shultz and 
Gromyko said last week that they will meet again if that should be 
necessary; it will be safest if they can do so before March, to 
anticipate the stumbling blocks that lie ahead. 
The general but contrary opinion, that last week’s meeting was 
a triumph for rationality as well as for those who took part in it, 
stems from the belief that it is something to be grateful for that the 
Soviet Union and the United States are willing to talk to each 
other. There is something in that view. It is also no doubt a plus 
that neither side saw fit to storm out of last week’s two-day 
meeting. But a decision to open negotiations is to be counted as an 
achievement only if there isa reasonable chance that negotiations 
will not be a prelude to another falling out. 


Past lessons 


The events of 1983 are all too vivid a pointer to the trouble that 
may lie ahead. Then, there were two sets of parallel negotiations 
under way, on strategic missiles and missiles of intermediate 
range. The Soviet Union had been complaining for several 
months at the plan to install US cruise missiles and Pershing II 

< rockets in Western Europe, a formal decision taken by the North 
Atlantic Treaty Organization four years earlier in response to 
Soviet deployment of SS20 missiles during the late 1970s. With the 
arrival of the first cruise missiles in Britain, the Soviet Union 
pulled out of the talks on intermediate-range missiles, but the 
parallel negotiations continued for a couple of weeks, suggesting 
to the optimists that they might resume in 1984. But that was not 
to be. At least to the Soviet Union, the linkage (the fashionable 
descriptor) between the two projects was too strong. One 
consequence was a deterioration of superpower relations that 
kept many people awake at nights throughout George Orwell’s 
year. Another was that originally tentative plans for military 
developments became entrenched. The most notable of these, the 
United States plan to develop a defence against strategic missiles, 
the strategic defence initiative (see page 177) as it is called, emerges 
from last week’s talks as the most likely candidate occasion for an 
angry repudiation of the negotiations now to begin. 

What seems to have eluded Shultz and Gromyko last week is 
agreement on the procedures that superpower negotiations on 
arms control must satisfy to succeed. Such a mechanism must be 
sufficiently robust to survive the recurrent bouts of superpower 
bad temper that have been a feature of the past four decades, and 
which must prudently be assumed to have become perpetual. The 
objective in arms control should be a set of agreements on 

-strategic issues capable of surviving all disagreements except those 








likely to persuade one side or the other that a nuclear war is a lesser 
tisk. The belief is mistaken that arms control agreements by- 
themselves may engender such a state of sweetness and light that 
serious conflicts of interest will no longer arise. Some benefits of | 
that kind would no doubt accrue, just as modest agreements: _ 
would pave the way for more ambitious deals. But the serious 
objectives are that by voluntary agreement the two sides should so 
limit their own strategic power that both their capacity and their 
inclination to embark on nuclear warfare will be diminished. 
That, after all, is the only reason why others than the superpowers 
have a legitimate interest that some kind of agreement should dbe 
reached. 


Criteria 


The difficulty in the present circumstances is that there seems to ` 
be no agreement between the superpowers on the general 
principles on which their three parallel negotiations should be 

conducted, or on the criteria that should be satisfied by particular 
agreements. To what extent, for example, should the details ofan - 
agreement on strategic arms be capable of verification, either by 
remote methods such as reconnaissance satellites or by the pro- 
vision of more immediate access? The United States has 
traditionally been the more zealous advocate of comprehensive 
verification, the Soviet Union has recently surprised some of its 
critics by a willingness to entertain access (in connection with the 
proposed treaty of chemical weapons), but by no means can © 
verification be watertight (the US Congress notwithstanding). To. 
what extent should agreements not to deploy weapons of some 
specific kind require of its parties an interdiction of research? 
Deployment can in principle be verified, but research as such is. 
necessarily uncontrollable, even in many circumstances by the 
governments concerned (and so cannot be realistically. 
constrained); but what can be said about the intermediate ground ` 
of testing (which happens to be relevant to the US strategic... 
defence initiative)? And what, in any case, is the condition of- 

strategic stability at which the superpowers are now aiming? The 
capacity for mutually assured destruction, the distant (and ° 
possibly mythical) prospect of assured invulnerability, or 


something in between? To embark on detailed negotiations whën 


the objectives are not clear is far from wise. 
The most obvious deficiency of last week’s agreement is- 
therefore the lack of some agreed procedure for arriving at a: 
common understanding on these questions. The issues are not 
matters that can be negotiated, but are partly technical, partly 
military, largely political but in an important sense are also philo- 
sophical. How much certainty is needed for verification to be 
counted adequate, for example? To what extent would the mutual: 
disclosure of information on novel weapons enhance security? 
And how could that be verified? Part of the enthusiasm for last 
week’s meeting at Geneva derived from the notion that the Soviet — 
Union and the United States were contemplating an “umbrella” 
(to use their word) for a serious and continuing process of 
negotiations on arms control, necessarily lasting for several years. _ 
What has emerged is a formula for detailed negotiations on three: 
outstanding issues with the implicit danger that, if one fails, none 
will succeed. Mr Shultz and Mr Gromyko now must provide that 
themselves, by means of regular meetings to assess which way the 
wind is blowing. g 































































Japanese originality 

Can Japan shake off the slur of imitivity without 
reforming the universities? 

THE Japanese are once again worrying about their supposed lack 
of creativity (see p. 173), this time not simply because uncharitable 
_ Westerners have been pointing out that the Japanese did not 
-actually invent the video-cassette recorder. Rather, an analysis of 
< publications in international science journals (albeit a tiny 
sample) suggests that, in basic research, an enormous gulf still 
separates Japan from the United States. Although the white paper 
from the Science and Technology Agency charts quite a few 
differences between Japan and other countries that may help to 
account for Japan’s poor performance, the uncomfortable 
eeling persists that Japan is not really doing as well as it should. 
_ Japan, after all, is spending on basic research 35 per cent of what 
is spent in the United States, but its people’s output of scientific 
papers is an order of magnitude less. 

Many factors may be to blame, of which one must be the lack of 
a tradition of scientific excellence. Language is also a severe 
handicap; even a Japanese who has lived abroad will be lucky if he 
can read scientific English a quarter as fast as a native speaker. 
‘Even so, in Japan as elsewhere, success is likely to be a function of 
¢ product of talent and resources; if clever people have the right 
acilities, they will do good work. But in Japan, resources may not 
effectively reach the talent that there is. The Ministry of 
Education, Culture and Science (MESC, the principal support 
agency for basic research) distributes its research grants with the 
help of some 800 advisers in the numerous committees of its 
Science Council. The advisers are, by and large, the grand old men 
of Japanese science, selected as the most esteemed representatives 
of the various academic societies that advise the ministry. 
Although many have done great things in their day, not all are on 
top of the latest developments. Yet a well-cultivated connection 
with a figure on the relevant grants committee may serve an 
“applicant as well (or perhaps better) as the quality of the grant 
proposal itself. The system of forming close relationships 
between junior and senior figures, and the patronage it produces 
is, however, thoroughly Japanese: suggestions that it should 
simply be replaced by a more open system of assessment is 
received with much the same horror as the suggestion that ham- 
burgers should replace raw fish as the national dish. 

The real losers are those talented people at lesser known 
universities who have not been able to cultivate powerful sponsors 
in Tokyo. The unknown are not altogether forgotten, however. 
There is a countervailing tradition of Japanese democracy that 
“nobody should be entirely ignored. The result is that a huge 
number of small grants (less than US$10,000) are given out to all 
and sundry, which leaves very little for the really big grants that 
. could give a group international status. Special promotion grants, 
worth on the average about $350,000 a year and specially aimed at 
research ‘‘likely to produce outstanding results’’, are given to 
only six groups a year. But, to be fair, these grants are still quite 
“new. They show that MESC is making some first efforts to 
concentrate its resources where they can be most effective. The 
Ministry is also taking some steps to give freedom and money to 
“exceptional young people. This year,postdoctoral fellowships — 
just 200 of them — will be available for two-year periods, and 
there are hopes that the numbers can be increased. 

These developments do not, however, satisfy the other 
ministries and industry, frustrated by the slow pace of change at 
the universities. The Science and Technology Agency is pumping 
growing sums of money into its own research institutes, some of 
which carry out basic research in fields such as molecular biology, 
lasers and heavy-ion physics which is no different from that at 
universities. And industry, disappointed at the unwillingness of 
the universities to take on contract work (where MESC is also 
beginning to make reforms), is setting up its own academic 
research institutes, raising the prospect that there may eventually 
be several parallel organizations for basic research — with no 
‘Major changes at the universities. The Science and Technology 


Agency is too polite to suggest refo 





o the T 
Education, but the trends noted in the report, and the slowness 

change in the Ministry of Education, should be of serious concern : 
to the universities. OC 


Attorneys’ comeuppance 


A judge has questioned lawyers’ fees, perhaps 
making it unprofitable for them to ape vultures. 


THE ambulance-chasing lawyer is not unique to the United States, 
but the American legal profession consistently shows a special 
genius in finding profit in the misfortune of others. Last month’s 
tragedy in Bhopal brought this home with the sight of squadrons 
of US lawyers descending upon the worst-ever industrial accident. 
That the Bhopal victims have a cause of action is undeniable. That 
they need American lawyers, armed with contingency-free 
contracts, to secure justice is less certain. And it is less certain still 
that ambulance-chasing lawyers could even exist if the US legal 
system were in proper shape. 

The United States has seen an explosion of personal injury 
claims in recent years, some worthy and some not. The social cost 
is enormous — vast sums of money are spent on legal research, the 
preparation of tons of documents and sparring over techni- 
calities. A rational society would institute compensation schemes, 
but when a number of US states attempted to institute no-fault 
automobile insurance, the greatest opposition came from those 
who have profited most from the status quo — the lawyers. 

Sceptics need only to look in the classified telephone directory 
of any American city to taste the flavour of legal entre- 
preneurship. Full-page advertisements are common. 
“ACCIDENT CLAIMS? SEE A LAWYER” reads one. 
Another provides a sort of shopping list of possible grounds fora 
lawsuit: medical malpractice, airplane crashes, defective 
products, dangerous premises and ‘‘other accidents and serious 
injury cases’’, One entrepreneur offers free initial consultation 
either ‘‘in your home or in your hospital room”. 

The American tradition in personal injury cases is that 
attorneys’ fees are negotiated between the client and his attorney; 
it is rarely possible to collect directly from the losing defendant. 
The result is that the courts have nothing to say about fees. The 
exceptions are class actions, the aim of which is the creation of a 
fund to compensate not just an attorney’s clients but anybody else 
who has suffered the same injury. Under federal court rules, it is 
up to the court to determine fees in such cases, charging them out 
of the fund or, in some instances, against the defendant. Last 
week, a federal court in New York exercised this right with a 
vengeance — this time against the plaintiffs’ attorneys. It sent a 
clear message that the day of the windfall may be over. 

The case was the Agent Orange class action, the suit brought by 
thousands of Vietnam veterans who claimed serious and 
persisting health damage from their wartime exposure to 
defoliants. The chemical companies named as defendants, while 
not admitting liability, had agreed to settle for $180 million. In 
other class actions, courts have been quite generous to the 
winning attorneys. Not only have they received hourly fees and 
expenses, they have also often been awarded ‘‘multipliers’’ of 
hourly fees to compensate them for the risks of taking on the case. 
On one occasion, a court awarded four times the usual attorneys’ 
fees. Last week, however, the court did something different. It 
thoroughly dissected the fee claims of the 100 attorneys involved, 
rewarding those it felt had made an exceptional effort on behalf of 
claimants (but in no case awarding fees of more than $150 per 
hand and a multiplier of 1.5), and throwing out vast chunks of the 
expenses submitted by others. 

The lawyers involved are crying foul. One said ‘“‘it’s going to 
drive competent counsel out of this area’. Not everybody will 
consider that a loss. On the contrary, it may be a modest first step 
towards driving all counsel out of personal injury litigation, 
which process will be complete only when statutes providing for 
administrative compensation of injuries replaces the current relics 
of common law. E 
















ut opean synchrotron 


THE need for a European scientific insti- 
tution with supranational powers of 
decision has become even more apparent 
with the confusion over the site for the 
proposed European Synchrotron Radi- 


ation Source (ESRS). This 5-GeV intense’ 


light source is almost certain to be con- 
structed in Grenoble near the French Alps, 
but there is still no sign of a formal inter- 
national agreement on the matter. 

Even French government sources 
describe the situation as ‘‘confused’’, 
although there is still confidence in Paris 
that eventually all will go in favour of 
Grenoble. Meanwhile, however, the 
slighted French city of Strasbourg in Alsace 
has gone to law against the Grenoble 
“decision’’; and the international com- 
mission set up by the European Science 
Foundation and charged with finding a site 
for ESRS is continuing visits to possible 
sites, most recently Trieste (proposed by 
Italy) and earlier Risø (Denmark). 

Paris is watching these visits with a cer- 
tain degree of surprise, believing the matter 
to have been effectively closed by the joint 
decision of France and West Germany to 
share most of the costs of ESRS at 
Grenoble and a cryogenic, high-Reynolds- 
number wind tunnel near Cologne and, 
moreover, believing that the international 
commission is essentially powerless, as it 
was given no exact terms of reference. 

Three main issues are outstanding. 
Strasbourg’s case against the French 
government is based on the text of con- 
tracts signed between the government and 
Alsace in November 1983, in which the 
government promised to develop Stras- 
bourg as a ‘European centre” (as part of 
the government’s overall regional 
strategy). The text says at first ambiguously 
that ‘‘the French government will support 
Strasbourg in its negotiations with its Euro- 
pean partners”, but continues with a list of 
five examples to which, by implication, the 
“support” might be supposed to apply. 
Among them is the European Synchrotron 
Radiation Source. At that time, however, 
the Grenoble site had not been proposed, 
and it proved finally to be more appro- 
priate, according to the French research 
minister. Fiercely determined to press its 
case, the Alsace regional council has put 
the facts before the Conseil d'Etat, 
France’s highest court, but it is unlikely to 
win. Moreover, Alsace is in opposition 
hands and an Alsatian victory would be 
severely painful to an already battered ad- 
ministration. 

After Strasbourg, there is the inter- 
national commission, which might 
establish a consortium of small states to 
join the Grenoble ESRS as a body. 











Confusion about site 
deepens further 


Finally, there is the question of cash and 
management of ESRS, which Paris sources 
describe as the real ‘‘international 
question”. The Grenoble ‘‘site’’ now 
appears to be in three parts, and a steering 
committee is required to work out detailed 
site assessments and finalize a design. The 
French government believes that the 
steering committee could be established 
with only French and German members. 
West Germany disagrees, but seems likely 
soon to come under French pressure. West 














Germany is keen to begin work on the wind 
tunnel — but France may insist that the | 
pace of work on the tunnel be at least 
matched by work on ESRS. And since the 
West German government proposed the 
wind tunnel/ESRS package in the first 
place, it may be forced to agree and so set 
up a purely binational steering group for 
ESRS in Grenoble: 

Thus it is possible that detailed design of 
a Grenoble ESRS could begin i in just a few 
















as the offended Italy 
impecunious Britai 
committee would be: expect 


money will be required. Robert 





US space 


Commercialization set back 


Washington 

THE National Aeronautics and Space 
Administration (NASA), while announc- 
ing new incentives to attract commercial 
investment in space, is acknowledging that 
any profits to be had in space manufactur- 
ing will be a “long-term proposition’’. The 
NASA official appointed to head the 
agency’s new office to promote commer- 
cialization, Isaac Gillam, has injected a 
heretofore absent note of caution in 
NASA’s grand plans for space commerce. 
At a meeting organized last week in 
Washington by a Cambridge, Massachu- 
setts, consulting firm that hopes to sell 
analysis, advice and financial services to 
would-be space investors, Gillam said it is 
“extremely important that we do not over- 
sell the effort” at this stage, adding that he 
doubted there would be many successful 
new space business in this decade. 

To overcome the most obvious barrier to 
space investment — the high cost of 
launches — NASA has taken some drastic 
steps, offering to shoulder many of the 
start-up costs for private companies willing 
to get into the space business. Under the 
new NASA policy, it will offer free rides to 
private companies during the research 
phase of their work, and may even put up 
several million dollars as ‘‘seed money”’ for 
selected research projects. NASA is also 
formulating plans for offering purchase 
agreements for certain space products. 

NASA has already entered into ‘‘joint 
endeavors” with McDonnell Douglas and 
Johnson & Johnson, which hope to manu- 
facture an undisclosed hormone using 
electrophoresis in space; John Deere, the 
farm machinery company which hopes to 
carry out experiments on new alloys; and 
3M Company, which on a series of flights 
over the next year will study air of 
organic crystals. 

Initial results of experiments in space 
have been mixed. Although 3M’s one 


experiment was-reported to be an ‘‘un-* 













































qualified” (and unelaborated) success, the | 
McDonnell Douglas work has be 
plagued with difficulties. On the recent 
flight of the shuttle Discovery, which 
carried McDonnell Douglas’s own astro 
naut to run the electrophoresis apparatus, 
bacterial contamination in the equipment 
apparently got out of hand; bacterial end 
toxins deactivated the product. The expe 
ment is now being rescheduled for next 
summer. The company had hoped to fly 
production-scale unit, with 24 times the 
capacity of the experimental one, ne 
summer; that will have to be postponed 
until the end of next year at the earliest. 
According to McDonnell Dougl: 
scientists, the apparatus was sterilized two 
days before being loaded on the shuttle for 
launch, and the damaging bacterial growth 
apparently occurred during the week-long 
mission. 
The 3M Corporation is the most. 
enthusiastic so far. It recently submitted 
elaborate plan for a series of experiments 
that would fly on 72 shuttle missions over 
the next ten years. Under the proposal 
NASA would foot the bill during the re- 
search phase; in return, 3M would agree ti 
make public its research findings within 
specified periods. Data from experiments 
on growing thin crystalline films would be 
released in two stages, 50 per 
immediately and the balance within ay 
data from later experiments would | 
published within three years of the flight 
NASA meanwhile is preparing to $ 
that at least something can be made qui 
in space that someone might want to b 
in a few months it will begin to market 
20 micrometre latex spheres that it has been 
cranking out on recent shuttle flights. 
NASA administrator James Beggs said last - 
week that the potential market for the. 
spheres is $100 million per year, a sugges- 
tion received with a certain scepticism as 
the only certain application is in calibration 
of microscopes. Stephen Budiansky 
























































W epee space 





L IET alarm about the US strategic 
de ence initiative (SDI), or ‘‘Star Wars”’, is 
the apparent explanation for an unusual 
ument on directed energy weapons now 
being made widely available through 
iet sources. The document* is credited 
the Committee of Soviet Scientists for 
Peace against the Nuclear Threat and is 
available in a good English translation. 
“After a sombre review of the potential of a 
variety of directed energy weapons, the 
‘report concludes that the deployment of 
ce-based anti-missile systems would 
rease the incentive for pre-emptive first 
kes and worsen the danger of wrong 
ecisions in a political crisis. It would also, 
cording to the report, stimulate the 
proliferation of alternative delivery 
ystems such as cruise missiles, which may 
‘be less vulnerable to space-based attack. 
The two coordinators of the report are 
\cademician R.Z. Sagdeyev, director of 
the Institute of Space Research, and Dr 
A.A. Kokoshin, deputy director of the 
Institute of USA and Canada Studies, both 
‘at the USSR Academy of Sciences. A dozen 
-or so ‘‘experts”’ are also credited; some are 
better known, however, for their political 
han for their scientific achievements. 
‘Copyright is claimed by the Institute of 
: Space Research. 

The report concludes that the hydrogen 
fluoride (HF) chemical laser has the 
greatest potential for use against ballistic 
missiles in the next few years. Referring to 
cientific reports in the open literature, it 
‘concludes that a basic space-based anti- 
missile system (SBAM) with 5-MW lasers 


: Weapons: Strategic, Legal and Political Implications. 


“THE document issued by the Committee of 
Soviet Scientists for Peace against the Nuc- 
lear Threat, although ostensibly a spon- 
neous initiative, clearly has high official 
proval. The official Tass and Novosti 
-agencies have given it wide publicity, 
nd Academician R.Z. Sagdeyev and Dr 
A. Kokoshin are both highly placed in 
. Soviet hierarchy. Kokoshin was at the 
entre of a diplomatic row last year when 
e Canadian government refused him an 
_entry visa to attend a scientific conference. 
e technical detail in the report is, 
noreover, of a kind that would normally 
ave been classified as militarily sensitive in 
_ the Soviet Union. Although ostensibly only 
analysis of options open to the United 
‘States, the document draws on data that 
must have been accumulated by the Soviet 
military. 

During the past eighteen months, the 
“Soviet Union has produced a number of 
pecial interest ‘‘initiatives’’ in the defence 


+A: Space-based Anti-missile System with Directed Energy 





using 4~metre focusing mirrors is within 
present technological capability and could 
be deployed within 8 to 10 years. Free- 
electron and excimer lasers are not yet 
sufficiently developed but might be useful 
by the year 2000, if powered by space-based 
nuclear reactors. The nuclear-pumped 
X-ray laser, however, is thought to have 
little potential; calculations suggest it 
might be able to focus sufficient power to 
destroy a missile at about 3 km — ‘‘not 
much above the effective range of the 
nuclear explosion itself”. The aiming 
system for such a device would have to be 
tested in space in defiance of the existing 
anti-ballistic missile treaty. 

Charged particle beams are quickly 
dismissed because they are bent by the 
Earth’s magnetic field; of more use might 
be a beam of neutral hydrogen atoms 
produced by charge-exchange from an 
accelerated beam of H~ ions. But the 
energy of ions required, around | GeV, 
would need accelerators several hundred 
metres long. Although the pointing 
accuracy required for a directed energy 
weapon has already been demonstrated in 
non-military applications, the need for 
high speed — 0.1 seconds on each missile — 
would be an entirely new technical 
challenge. 

Despite the feasibility of deploying HF 
lasers within 10 years, the report’s 
discussion of the logistics of an anti-missile 
system suggests that the technology for 
anything approaching complete effective- 
ness is still many years away. A system with 
18 stations in polar orbit using 5-MW 
lasers, needing 126 shuttle missions for 
deployment, would be able to hit only 15 
missiles in 100 seconds. The more powerful 





‘Status of peace document in doubt 


of peace, among which the scientists’ and 
physicians’ committees are the most signi- 
ficant. How far such appeals are orches- 
trated is a delicate question. 

What is clear, however, is that even when 
a Soviet scientist wishes to speak out 
against nuclear weapons, he cannot with 
impunity attack his own country’s policy. 

Last week, Academician Vitalii 
Goldanskii published an article supporting 
what he called the ‘“‘noteworthy initiative” 
of the US Nobel laureate Glenn Seaborg, 
who has advocated the signing of a com- 
plete nuclear test-ban to commemorate the 
40th anniversary of Hiroshima and 
Nagasaki. Goldanskii found it necessary, 
however, to begin by asserting that “‘it is 
the United States that is above all to 
blame’’ for the lack of a comprehensive 
test-ban treaty, and te condemn 
Washington’s claims that ‘‘it is impossible 
to ensure effective control’? over such a 
treaty. Vera Rich 








800-tonne lasers that would increase this 
figure to 1,000 missiles are beyond present 
technology, according to the report. 
Particle accelerators, which would weigh 
more than 1,000 tonnes, appear to be even 
farther away. The cost of a feasible though 
far from perfect system employing 
800-tonne lasers is put at up to $2 million 
million, in agreement with US estimates. 

The report lists a number of counter- 
measures that might increase the cost 
beyond this: they include ablative coatings 
on missiles, false missiles, obstacle clouds 
placed in the orbit of an anti-missile 
station; space mines kept in orbit close to 
the station; ‘‘sprint’’ missiles that travel 
through the atmosphere at up to $ km per 
second; and ground-based lasers, which do 
not suffer from the same size and weight 
restrictions. The vulnerability of anti- 
missile systems is said to add to their 
destabilizing effect, and the development 
of countermeasures is (obscurely) said to 
increase likely civilian casualties in the 
event of a nuclear exchange. 

As if all this were not enough, the report 
ends with a tug at the reader’s social 
conscience: the funds used to develop an 
anti-missile system could be better used for 
“peaceful purposes” to benefit mankind. 
And — scientists please note — further 
development of anti-missile technology 
would make scientific collaboration in 
space impossible. 

Nature’s copy of the report was obtained 
from the Soviet Embassy in Washington. 





Tim Beardsley 
Pharmaceuticals 
New institute 
Washington 


FIDIA SpA, the Italian pharmaceuticals 
company, has announced its intention to 
provide $62 million over 20 years to 
establish a new neurosciences institute at 
Georgetown University in Washington 
DC. The agreement is one of the largest 
ever corporate/university research 
ventures. The institute would be staffed by 
Georgetown University faculty and would 
house fundamental research in neuro- 
anatomy and physiology as well as 
neuropharmacology. 

Fidia says it already devotes 20 per cent 
of its income to neuroscience research in 
Italy, and that the new institute would gain 
it a foothold in US science and provide 
academic exchanges with Fidia re- 
searchers. A spokesman stressed that there 
would be no restrictions on the free and 
timely publication of research results from 
the new institute, which is to be called the 
Fidia Georgetown Institute for the Neuro- 
sciences. There are plans for 25,000 square 
feet of laboratory space. 

The post of director of the institute has 
been offered to Dr Erminio Costa, now at 
Saint Elizabeth’s Hospital, also in 
Washington DC. Tim Beardsley 
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- Danube Commission 


Rash of riparian rows 


THE Austrian government has given in to 


ecological pressure and the Czechoslovak ` 


government by halting the clearing of land 
for the proposed Hainberg hydroelectric 
dam in the Au forest. The Czechoslovak 
government has for some time been com- 
plaining that the dam, on the Danube, 
< would lower the water table and cause 
considerable economic and ecological 
damage downstream. But the dam is only 
the latest of a series of squabbles about the 
proper use of the Danube. 

Only last week, Belgrade radio was 
complaining that, during the present cold 
spell in Central Europe, Romania has been 
“appropriating” some 5 million kilowatts 
of hydroelectric capacity from the Danube, 
decreasing the water level by 2 metres and 
forcing the Yugoslav power station at 
< Kostolac to close down. And last 
November, shipping on the Danube was 
brought to a halt when Romania closed the 
locks of the Iron Gates for maintenance, 
giving only a few days’ notice rather than 
the minimum of two months required by 
the 1984 Danube Convention. 

The deficiencies of the convention, and 
of the International Danube Commission 
which administers it, are thus being 
exposed. Part of the trouble is that the 
convention is concerned only with 
navigation on the Danube. The original 
members of the convention were the 
riparian countries from Czechoslovakia 
downstream, with the Soviet Union 
represented twice (as the USSR and the 
Ukrainian SSR). Austria acceded in 1960 
but there has never been a serious 
suggestion that West Germany should sign, 
since the river is not commercially 
navigable until it reaches Austria. 

Although the Danube Commission’s 
competence has been extended to include, 
for example, pollution due to shipping and 
the regulation of barges carrying 
hazardous chemicals, it has no mandate to 
deal with other sources of pollution. 

In the dispute over the Hainberg dam, 
both Austria and Czechoslovakia have 
been able to claim that they have been 
acting in accordance with the commission’s 
ruling. Austria, for example, has said that 
it is carrying out the commission’s 
resolution that all member states should 
accelerate development of the Danube 
waterway by building dams which, to be 
cost-effective, must be hydroelectric 
stations. (Austria has renounced the 
nuclear option, and so also needs the 
` electricity.) Czechoslovakia, on the other 
hand, says that Austria’s ‘‘unilateral’’ 
decision to build a dam at Hainberg 
‘violates the tried and trusted concept of 
the comprehensive use of the Danube” 
developed by the commission. Both gov- 
ernments claim ecological support — the 
Austrians that the dam would prevent 
upstream deepening of the Danube 








channel and the consequent desiccation of 
important wetlands, Czechoslovakia that 
the downstream channel would be 
deepened. 

Ironically, the Czechoslovak argument 
that the water table would be lowered is 
reminiscent of that advanced by 
Hungarian ecologists against the joint 
Czechoslovak/Hungarian project to build 
two dams on the Danube, at Gabcikovo in 
Slovakia and Nagymaros in Hungary. The 
second of these, which would drown the 
scenic ‘‘Danube bend” above Budapest, 
has been suspended since 1981, ostensibly 
for lack of funds. But the Czechoslovak 
side has forged ahead at Gabcikovo, 
ignoring the claim of the Hungarian 
ecologists that the water table in northern 
Hungary would be lowered. Especially 


US tax deductions 


There’s no place like home 


Washington 

A US APPEALS court, overruling the 
Internal Revenue Service (IRS), has 
allowed a university professor to deduct 
from his income tax the cost of maintaining 
an office in his home. The ruling is 
expected to relax significantly what had 
been a virtual prohibition by IRS against 
such deductions by faculty members. 

Tax rules allow employees to claim a 
deduction for an office in the home if three 
conditions are met: the office must be used 
exclusively for business and on a regular 
basis, it must be the employee's “principal 
place of business’? and it must be 
maintained for the ‘‘convenience of the 
employers’’. It was the last two points that 
were in contention in the appeals-court 
case, which was brought by David 
Weissman, a philosophy professor at the 
City College of New York. 

In ruling in Weissman’s favour, the 
court explicitly found that a professor’s 
duties include research. Weissman said he 
spent 80 per cent of his working hours at 
home, doing scholarly research. IRS 
argued before the court that most of 
Weissman’s research had nothing to do 
with his job, but was merely to ‘‘increase 
his own prestige’’ and to secure ‘‘a more 
lucrative position’’. IRS had prevailed with 
that argument in the lower US Tax Court, 
which sided with IRS in a decision last year. 

The appeals court, however, noted that 
City College by-laws require promotions of 
faculty members to be based in part upon a 
professor’s ‘‘record of significant 
scholarly achievement’’. And it agreed 
with Weissman that his principal place of 
business was in fact his home. The court 
cited its own earlier finding that a group of 
musicians who performed at Lincoln 
Center in New York City were entitled to 
deduct the expense of maintaining practice 


but if it is to retain its credibility for 
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because Gabcikovo would divert the main 
navigation channel away from the- 
Hungarian frontier into Slovak territory, it 
is clearly a matter within the competence of 
the Danube Commission. 
The commission has nevertheless been 
strangely silent, perhaps because, from its 
seat in Budapest, it is reluctant to embar- . 
rass its Hungarian hosts. In the past few 
days, however, the commission has been 
able to set up a joint Czechoslovak/ 
Austrian team of experts to assess. the 
ecological consequences of the Hainberg 
scheme, while the Austrian Chancellor, Mr 
Fred Sinowatz, is said to have promised to 
pay more attention tọ ecological matters i 
future. TER 
The Danube Commission has thi 
spared embarrassment for the time being, 

























competence and effectiveness, some r 
thinking of its role seems an urgent need. 






























space in their homes: ‘‘A college 
professor’s principal place of business: is. 
not necessarily the college at which ‘he. 
teaches any more than a musician’s 
principal place of business is necessarily the 
concert hall in which he performs’’. ne 

Many faculty members were able to. 
claim home-office expenses on their tax 
returns before 1976, when Congres 
tightened the requirements; under the old. 
rules, if such an office was ‘‘appropriat 
and helpful” to an employer, it qualified 
The new ruling does not turn back the clock 
that far and may not be applicable to other. 
professors who want to claim similar 
deductions. ah 

For one thing, under the peculiar rules 
that apply to the tax-court system, the 
court’s decision sets a precedent only in the 
circuit covered by this one appeals court, 
which includes New York, Connecticut 
and Vermont. The lower Tax Court’s 
decision, though overturned in this one 
circuit, is still the law in the rest of th 
country. IRS would thus be within its rights. 
to continue disallowing similar claims from 
professors in most of the country. In 
addition, a successful claim may have to. 
show that the university did not provide 
adequate office space, making a home 
office a virtual necessity. The appeals cour 
seemed to be impressed by the fact tha 
Weissman’s office at City College was 
shared with several other faculty members, 
had no typewriter and was the target-o 
frequent break-ins and vandalism, making. 
it unsafe for storing research material or 
office equipment. 

The City College Professional Staff. 
Congress, the faculty union, hailed the 
ruhng as a ‘‘victory’’ that ‘‘clearly states 
that a faculty member’s responsibility 
involves more than teaching and classroom 
responsibilities’’. Stephen Budiansky 








































































Australian space 


and Industrial Research Organization 
(CSIRO) has set up a body to coordinate its 
wn space and communications research. 
‘The aim is to encourage Australian indus- 
ial companies to the point where they will 
gain sufficient experience to compete inter- 
“nationally for parts of the growing satellite- 
based communications market. The new 
unit will be known as the CSIRO Office for 
pace Science and Applications (COSSA). 
It is perhaps surprising that a country as 
far-flung as Australia has no central body 
like the US National Aeronautics and 
‘Space Administration (NASA) or the 
‘European Space Agency (ESA) to coordi- 
nate developments in communications 
technology. An early competence was built 
during the 1950s and 1960s in support of 
the joint United Kingdom/Australia 
‘testing programme at the Woomera rocket 
range and the NASA satellite-tracking 
network, but although Australia was one 
of the eleven founding members of 
‘Intelsat, during the twenty years of the 
onsortium’s operation, no Intelsat 
‘contracts have been placed with Australian 
‘companies for the supply of flight equip- 
ment. In fact, within the past year, the 
‘contract for a ground-control station was 
lost to Indonesia. 

< Although Australia will now supply the 
image-detection system for a new tripartite 
space telescope project with NASA and 
ESA, it had been previously thought that 
< Australia’s bids for international contracts 
would be spearheaded by participation in 
the now-defunct Starlab project, which 
faltered when Canada withdrew in March 
1984. In the same month, CSIRO estab- 
lished a Space Science and Technology 
Study Group, which, in November, urged 
CSIRO to use its expertise to stimulate the 
industrial sector with contracts in such 
elds as ground sector space communi- 
eations systems and remote sensing, and to 
‘collaborate in international projects such 
‘as the reusable US Spartan satellite and 
ESA’s radar satellite ERS-1. 

<- The local industry’s share of the $A330 
‘million expenditure in the government’s 
satellite-owning company Aussat amounts 
to about $A63 million, with a possible extra 
$A70 million through offsets. Aussat is due 
to have its first two Hughes domestic satel- 
lites launched from the space shuttle in July 
and October this year, with a third perhaps 
in: mid-1986, to be launched by Ariane- 
space. By the end of 1985, Australia will 
have spent about $A500 million on op- 
erational space systems such as Intelsat, 
-Aussat and Inmarsat, but relatively little of 
the equipment will have been manufactur- 
edin Australia. More to the point, by 1995, 
the country’s annual expenditure on space- 
_ felated technology is estimated at between 
$A370-and $A500 million. 








Plan to win more business 


The directorship of COSSA will be filled 
by Dr Ken McCracken, at present chief of 
the CSIRO Division of Mineral Physics. 
Using Skylark rockets flown from 
Woomera, he was a pioneer of Australian 
X-ray astronomy and introduced the use of 
Landsat satellite pictures into the manage- 
ment of Australian resources. 

Introducing COSSA this week, Dr Paul 


Mongolia 





Wild, chairman of CSIRO, observedthatif _ 


approved by cabinet for this year’s budget, 
COSSA would spend $A7 million in 1985- 

86, rising to $A20 million per annum at the 
end of the decade. In the international 
space market, a company could only get a 
contract to build part of a commercial 
satellite if it had done so before: no 
previous experience meant no contract. By 
letting out up to 70 per cent of the contracts 
for CSIRO’s space experiments to 
Australian companies, he said, CSIRO will 
break this vicious circle. Jeffrey Sellar 


Progress with problems 


MONGOLIA’s new Party leader, Dr Jambyn 
Batmonh, has sharply criticized the 
country’s alleged progress in industri- 
alization and the modernization of agricul- 
ture. Addressing the Central Committee of 
the Mongolian People’s Revolutionary 
Party (MPRP) las month, he drew atten- 
tion to the frequent waste of financial in- 
vestment and human effort by the neglect 
of underlying scientific principle. His tone 
contrasted strongly with that of the official 
eulogies, only three weeks before, during 
the celebration of the diamond jubilee of 
the Mongolian People’s Republic, which 
presented Mongolia as a shining example 


I wonder if 


for Third World countries wishing to make 
the leap direct from feudalism to a centrally 
planned industrial society. 

Mongolia’s achievements, according to 
the jubilee data, are impressive. Since 1966, 
when the fifteenth congress of MPRP 
adopted a plan for ‘‘completing the build- 
ing of socialism’’, major industrial centres 
have been established at Darkhan, Erdenet 
and Baganur, with industry now account- 
ing for more than 30 per cent of the nation- 
al income. Coal production has gone up 
sixfold, generation of electricity more than 
eightfold, mining for metal ores close to 
40-fold. More than 660,000 hectares of vir- 
gin land have been brought under cultiva- 
tion and 20 ‘highly mechanized” state 
farms established. 

Unfortunately, according to Dr 
Batmonh, investments have not always 
been properly planned to suit Mongolian 
conditions. Construction projects are not 





completed on schedule, and there is an 
increasing backlog of uncommissioned 
facilities, due to the inadequacy of the 
transport infrastructure. Insufficient 
allowance has been made by planners for 
the fact that, although construction 
materials are (theoretically) produced at a 
uniform rate throughout the year, most 
construction and installation work can be 
done only between late spring and early 
autumn and that, just when the building 
season starts, there are vast amounts of 
other heavy goods to be moved. 

In agriculture, the establishment of 
modern farms has not been backed up by 
‘good and stable crops” for Mongolian 
conditions, nor the proper organization of 
pedigree stock-breeding on a ‘‘scientific 
basis’? (a topic doubtless close to Dr 
Batmonh’s heart, being himself the son of 
itinerant herdsmen). Water management is 
uncoordinated and, in some cases, neglect 
of the ‘features of soil fertility and the 
biology of plant cultivation and crop rota- 
tion’? means that the construction of 
expensive irrigation systems has actually 
led to a falling-off of crop yields. 

In the country’s new industries, poor 
work at the design stage has led to high pro- 
duction costs, wastage of raw materials and 
insufficient use of equipment and 
machinery. Training of workers in modern 
techniques and production methods 
should be treated, Batmonh urged, as a 
matter of ‘‘very serious concern”. 

Mongolian specialists still, to a large ex- 
tent, depend for advanced training on the 
Soviet Union (Mongolians hold first place 
there among foreign students), and the 
Soviet Union and the other Comecon 
countries have a number of technical co- 
operation projects with Mongolia, includ- 
ing a major geological survey of the 
country. 

According to Batmonh, Party plans to 
make Mongolian industry and agriculture 
more productive include wider use of the 
“brigade organization’’ of labour (pay- 
ment on the basis of output of ateam) and 
‘socialist competition’? between workers. 
These are, Batmonh explained, ‘‘tried 
methods” for involving workers in the im- 
plementation of large-scale plans. 

Vera Rich 
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Japanese research 


-NEWS 


More creativity wanted 


ONCE again the Japanese government is 
calling for ‘‘more basic research and more 
creativity’ in the nation’s scientific 
research programmes. 

This time it is the latest White Paper 
from the Science and Technology Agency 
that stresses the need for greater efforts. 
But unlike previous reports, the new paper 
goes some way towards explaining just why 
there is so much concern about creativity in 
Japan. 

The 419-page paper, entitled Aiming at 
the creation of new technology for the 21st 
century takes as its starting point an at- 
tempt to assess just how well Japan’s basic 
research is doing. This is no simple matter, 
and the report opts for a simple analysis of 
the number of papers published in 
important international science journals in 
three areas: life sciences, materials and 
surface sciences, and computer architect- 
ure and pattern recognition. The first 
groups are analysed by the number of 
papers published in Nature and up to seven 
other international journals, for 
computers two journals are used. 

The results make pretty depressing 
reading for the Japanese. In materials and 
surface science, the United States is pub- 
lishing 25 times more papers a year than 
Japan, in the computer field 6-8 times 
more, and in life science 5 times more. 
Comparison with ‘‘Europe’’ (here taken as 
the United Kingdom, West Germany and 
France) paints a more favourable picture: 
Europe produces five times more papers in 
materials and surface science but only 
about 20 per cent more in computer and life 
sciences. For the Japanese though, it is the 
comparison with the United States that 
really counts; Europe has long been written 
off as a supplier of rock music, fashion and 
sausages rather than a serious technologic- 
al competitor. 

Part — but not all — of the discrepancy 
between Japan and the United States is 
accounted for in terms of the difference in 
funding. Japan’s total expenditure and 
basic research is obviously less than that of 
the United States but, as the White Paper 
shows, at 35 per cent of the US total is not 
so much less as might be expected. The 
percentage of funds going to basic research 
in Japan is, however, on the decline — 
down to 14.6 per cent in 1982 from 24 per 
cent a decade ago — despite endless 
government calls for more attention to 
basic research. But the trend is not so hard 
to explain. The bulk of the Japanese 
research effort (and funds) is provided by 
industry, where expenditure has been in- 
creasing with great rapidity. Expenditure 
in the universities and institutes where basic 
research is carried out has simply not kept 
pace with industrial expansion. Not sur- 
prisingly, the expanding industrial labora- 
tories are largely concerned with applied 
research, 








Indeed, the report also gives figures 
suggesting that the whole thrust of science 
education is away from the basic towards 
the applied. Japanese universities produce 
a staggering number of engineers — more 
in total than the United States, even though 
the actual number of university students in 
the United States is five times higher. In 
contrast, the United States and the United 
Kingdom produce huge numbers of 
graduates in the natural sciences (among 
graduates, the ratio of engineers to 
scientists is 6.4 in Japan, 0.8 in the United 
States and 0.6in the United Kingdom). Not 
surprisingly, given the bias towards 
engineering, most graduates quickly make 
their way into industrial companies; only 
three per cent of Japan’s students go on to 
further university training, whereas in the 
United States and Europe it is closer to 18 
per cent. Indeed, although the United 
Kingdom has only one seventh the number 
of undergraduate students as Japan, the 
nation produces getting on for double the 
number of doctoral and masters’ theses in 
science. 

The report also raises worries over just 
how well Japan is doing in the technology 


Superconducting supercollider 


States vie for US accelerator site 


Washington 

THE competition has begun among state 
governments to play host to the proposed 
Superconducting Supercollider (SSC). If 
built — which is still not formally decided 
— the accelerator will bring millions of 
dollars and thousands of jobs to the state 
lucky enough to be selected. And while the 
Department of Energy insists that the site 
will be selected on the best scientific 
criteria, many states are already letting it be 
known that a decision in their favour would 
be rewarded with financial benefits. 

SSC, a proton/proton collider, would be 
easily the world’s largest accelerator, witha 
circumference of between 60 and 100 miles, 
depending on the type of magnets used. 
The cost of construction, which would take 
6 years, is estimated at $3,000 million at 
1984 prices. When completed, there might 
be 2,000 people directly employed. 

Texas is making one of the strongest 
pitches for SSC. Governor Mark White has 
made it clear that the state will do whatever 
is necessary to present its case, including 
making available state funds to assist with 
the cost of the project. A site selection com- 
mittee is now at work and has settled on 
four or five locations. The criteria used 
include proximity to a large airport, and 
Houston is seen as a big draw. 

Research into a possible magnet design 
for SSC is being undertaken at the Texas 
Accelerator Center, which reports encour- 
aging results with superferric magnets. 
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trade, thought to be a reflection of the de-. 
velopment of ‘‘basic’? new industrial 
processes. Overall, there is no doubt that. 
Japan is massively in the red when it comes 
to payments for licences ‘and patents. But 
this is not such a serious problem. Many. 
payments are still being made for techno- _ 
logy licensed years ago. When only recent 
licences are taken into account, then the 
beginnings of a shift towards a technology 
trade surplus can be seen. 
How then is Japan’s basic research per- 
formance to be improved? The general sug- 
gestions made in the report are familiar 
ones: funds to cultivate young and talented 


universities, industry an government Te- 
search institutes, greater investment in the 
equipment and facilities necessary to back 
up advanced research and increased inves 
ment in personnel at the universities. and 
national research in institutes. : 

If present government policy. meast 
are anything to go by, however, the res 
will be an increasing basic research and 
for private industry. Increased tax incen 
tives for industry to perform basic research 
and joint research with industry at 
government research institutes are 
measures likely to be enacted before long, 
rather than increased funds for ‘the 
universities. Alun Anderson 





Peter McIntyre of Texas A&M University 
says that completed magnets of the Texas 
design would cost less than half those of 
competing high-field designs — $350 
million as against $800-$900 million. The: 
catch is that superferric magnets, with a 
field strength of 2-3 tesla, require larger 
tunnels, but McIntyre is confident that the . 
magnet cost saving is decisive. 

Texas is faced with strong competition. 
from Illinois, which has already spent 
$500,000 on geological surveys to find a 
suitable site in the state. One strong attrac- 
tion is that it might be possible to utilize the 
proton injector at Fermilab, with a sub- 
stantial cost saving. In addition, there is 
already the laboratory infrastructure in 
place to support scientific staff during: 
construction. Illinois also has a governor- 
appointed task force reviewing possible. 
sites, and local industries have been: 
persuaded to join in. In Colorado 
$200,000 of state funds have been spent on 
site selection and universities and industry 
are combining forces to present a case tọ 
the Department of Energy. Other 
interested states include Utah, Arizona, 
Michigan and Minnesota. 

A document detailing site selection 
criteria is now being drawn up by the- 
department’s contractor, the Universities 
Research Association, and will be pub- 
lished in April. The race to capture SSC will 
then be on in earnest if construction is to 
start as hoped in 1988. Tim Beardsley 



















































































\ustralian commission 


HE hearings of the Australian Royal 
‘Commission in London may not yet have 
got to the bottom of what happened during 
the British nuclear weapons tests in 
Australia, but they have told the British 
more about the politics of their bombs. 
Last week it was revealed that Sir Winston 
Churchill had refused in the 1950s to share 
ritish nuclear secrets with the United 
States, insisting on separate bomb tests at a 
new site in Australia. 

Lord Penney (75), then Dr William 
Penney, in charge of Britain’s test 
programme and the first witness for the 
‘British government, told the inquiry of a 
“highly restrictive’’ offer made in 

September 1951 by the United States as a 
condition for Britain using the Nevada test- 
site; all the material in the bomb and the 
physics involved would have had to be dis- 
closed. Lord Penney said that he had been 
willing to accept the conditions to rekindle 
- Anglo-US collaboration, but that 
hurchill refused. 

¿As the first director of the Atomic 
Weapons Research Establishment 
(AWRE), Penney was under considerable 
pressure from the military to produce an 
“operational” bomb and started plans to 
develop high-yield weapons. Lord Penney 
aid last week that the Australian 
government and Australian and British 
public were kept in the dark about the 
actual sizes of the bombs tested. The 
second British test explosion in the 
-MOSAIC series, on 19 June 1956, was 
described by the British government as 
being of a size similar to the first test, that is 
‘15 kT, but was revealed to have been a 
60-kT explosion only in March 1984. A 
1957 AWRE report on the tests even 
‘suggests that the yield could have been as 
much as 98 kT, but Penney said last week 
che mistrusted that figure. He explained 
that the most accurate measure of the 
bomb’s yield would come from 
radiochemical analysis of debris from close 
ground zero, revealing the amount of 
lutonium actually exploded, but the 
report detailing results from this method of 
ield detection has not yet been made 
ilable by the British government since it 
‘weapon-design sensitive”. 

‘Mr Justice McClelland was anxious to 
lear up a question facing the inquiry on 
Monday. This concerned confusion over 
locuments released by the British govern- 
ment which were marked ‘‘obsolete’’. Mr 
McClelland said that he was reminded of 
the Watergate trial at which reports had 
‘been officially marked ‘‘inoperative’’. Mr 
Robin Auld QC spoke for the British 
< government and assured the commission 
«that this was simply an indication that 
subsequent reports exist which take into 
account current knowledge, rather than a 
“revision of the actual material of the 


Lord Penney admitted that efforts to 
determine the level of ground contamin- 
ation after the BUFFALO tests of late 1956 
were not entirely satisfactory. The com- 
mission’s counsel, Mr Peter McClellan, 
inferred from this that similar problems 
were likely to have been encountered at the 
TOTEM tests, some three years earlier, 
after which ‘‘black mists’? were seen in 
central Australia. Lord Penney said, 
however, that he had not even heard of the 
mists until he read about them in the British 
press two years ago. He also said that he 
had no knowledge of concern about the 
cloud from the MOSAIC 2 test. 

Penney did however agree that forecast 
trajectories of clouds from the BUFFALO 
series were found to be drastically off 
course. One trajectory, predicted to pass 
north of Brisbane, was observed just north 
of Sydney — ‘‘not very close to Brisbane at 
all” as Mr McClellan put it. The cloud 


from the last test in the series was also | 
| estimate exposure by 40 per cent. But Lord 


predicted to travel north of Brisbane, but it 
was actually found to pass over most of the 
Australian mainland. Penney insisted, 
however, that the doses received by people 
would have been too low to cause concern. 

On the safety of aborigines, Mr Geoff 
Eames, representing ten aboriginal 
organizations, challenged Penney with a 
1956 AWRE report stating that ‘‘for 
aborigines in the tribal state, virtually 
naked and in bare feet . . . an acceptable 
level (of radiation) was only to be found at 
240 miles from ground zero’’. Lord 
Penney, who had set a distance of 100 miles 
as being acceptable, said that he did not 
recall this recommendation, but that he 
knew of aborigines living between 200 and 
300 miles from ground zero. Mr Eames told 
the inquiry of homesteads as close as 107, 
120 and 160 miles from the Emu site and 
175, 200 and 210 miles from Maralinga. 

On previous evidence that aborigines 
were found living in the Marcoo crater 
after the BUFFALO series, Penney said he 
could not confirm or deny these reports. 
He said there had been an agreement 
between the British and the Australians 
that, when there were no British at the test 
site, site-security was Australian 
responsibility. 

He denied that he regarded the 
Australians at the tests as ‘‘radiologically 
expendable’’, saying that if he had heard of 
aborigines living in the crater, his first 
question would have been ‘‘what dose have 
they got?’’, But he acknowledged that 
although he had advised that site areas 
should be marked as dangerous, by notices 
in various languages and ‘‘scary signs”, he 
was certain that this had been done only 
after the HURRICANE tests in 1952, but 
not subsequently. Illiteracy seems not to 
have been taken into account. Penney also 
said that he had no recollection that 
soldiers were threatened with courts- 


JIRE VOL. 








| 
l 
| 
| 
i 
| 
| 


Penney’s evidence on British nuclear bombs 


martial if any of them told the outside 
world that aborigines had been found in 
the crater, as alleged in previous evidence 
to the inguiry. 

Throughout the British tests in 
Australia, the International Commission 
for Radiological Protection (ICRP) safety 
guidelines were followed, said Penney, but 
only after the Windscale fire in 1957 were 
the dangers of radiation fully appreciated. 
That sparked off a “revolution in health 
physics’’. Penney explained that, because 
some tasks involved radiation greater than 
the ICRP recommendations, a radiological 
protection branch was formed to be 
responsible for supervising the radiological 
health and safety of British weapons work. 

Radiation doses were measured by film 
badges. The inquiry has learned that 
servicemen were unwilling to follow the 
advice to wear these close to their genitals, 
and that a report of experiments in 1956 
showed that the result might be to under- 


Penney said he could not remember 
revising the regulations on dose levels in the 
light of this report. 

One of the allegations put to Penney is 
that he had asked for sections to be 
removed from a report by a member of the 
Australian CSIRO (Commonwealth 
Scientific and Industrial Research Organ- 
ization) expressing concern over radiation 
levels from the British tests, in particular 
the BUFFALO series. Lord Penney was 
said to have seen the report as ‘‘alarmist 


| pessimism’’ and scientifically unreliable as 


well; even after the report had been modi- 
fied, publication was denied. Penney told 
the inquiry that he did not remember 
asking for sections of a report to be 
removed, but conceded that such a report 
from a man of reputation would have 
caused an almighty row. He agreed that if 
the report could have been upheld scientifi- 
cally, it might have jeopardized the 
completion of the test programme, 

Despite evidence that Australians at the 
test sites felt they were not consulted 
sufficiently, Penney said that they played a 
role in deciding whether or not to fire par- 
ticular weapons. He said that the only time 
when the Australians demurred about a 
test was when 15 parliamentarians were 
going to be present to see the shot. 

At Monday’s sitting it was suggested that 
scientists working on the tests became so 
involved in the science that they failed to 
consider the implications of their work. 
Penney denied being carried away by the 
scientific beauty of the programme; “By 
God, I wish I could have got out and gone 
back to university. . .I thought we were 
going to have a nuclear war where the only 
hope I saw was that there should be a 
balance between East and West, but what I 
really wanted was to be a professor”, 

Susan Watts 









Radiation Radiation exposure 


NEWS 


Moving standards in 1950s 


INTERNATIONAL recommendations on 
exposure to “ionizing radiations’’ wereina 
state of flux in the 1950s, when British 
nuclear weapons tests in Australia were at 
their height. According to Joseph Rotblat, 
the radiation physicist and past secretary- 
general of the Pugwash conferences, the 
central issue was the existence (or other- 
wise) of a threshold exposure, below which 
radiation would have no harmful effect. 

The history was this. Britain had taken 
the lead (paradoxically, in the light of 
present Australian accusations) in radia- 

‘tion protection in 1921, with the establish- 

ment of the British X-ray and Radium 
> Protection Committee — whose 
recommendations were first adopted 
_internationally' in 1928, and promulgated 
by the Second International Congress of 
Radiology at Stockholm. At the time, 
those most in danger were hospital workers 
using X-rays and radium for treatment of 
patients. The known dangers were then 
said to be ‘‘injuries to the superficial 
tissues’? and ‘‘ derangements of the 
internal organs and changes in the blood’’. 
Protection measures were defined in terms 
of thicknesses of lead and similar materials 
between workers and radiation sources, 
rather than in amounts of radiation, 
although the réentgen (a measure of X-ray 
exposure) was introduced at the same 
conference. 

The concepts of ‘‘tolerance”’ levels first 
appears in the international recommen- 
dations? of the Zurich radiology 
conference of 1934, which concluded that 
“the evidence at present available appears 
to suggest that under satisfactory working 
conditions a person in normal health can 
tolerate exposure to X-rays to an extent of 
about 0.2 international réentgens (r) per 
day...nonsimilar tolerance dose is at 
present available in the case of radium 
gamma rays’’. The procedural recom- 
mendations which then follow are 
“generally in harmony” with a 0.2 r 
threshold. 

These recommendations remained in 
force, unchanged, for 16 years, through 
the 1939-45 war, Fermi’s development of 
the atomic pile and the construction and 
use of atomic weapons. With the 
establishment of the International 
Commission on Radiological Protection 
(ICRP) at the sixth international congress 
on radiology in London in 1950, new 
recommendations’ were published in 1951 
and were considerably more extensive than 
those of 1934. These were in force during 
the early to middle part of Britain’s tests in 
Australia. The first exhaustive recom- 
mendations of ICRP, including limits on 
internal exposure to radionuclides, 
however, did not appear until 1954, half 
way through the tests. 

According to ICRP’s 1951 recom- 
mendations, ‘‘the effects to be 








considered’’ were: 

© Superficial injuries. 

@ General effects on the body, 
particularly the blood and blood-forming 
organs, for example production of 
anaemia and leukaemias. 

® The induction of malignant tumours. 
@ Other deleterious effects including 
cataract, obesity, impaired fertility and 
reduction of life-span. 

® Genetic effects. 

Also ‘‘the previously accepted value of 1 
r per week for maximum permissible expos- 
ure of external radiation itself needs 
revision in the light of the radiation to 
which workers are now exposed...the 
figure... seems very close to the probable 
threshold for adverse effects”. Allowed 
levels were thus halved. 

While thus including a reference to 
‘thresholds’, however, ICRP 1951 adds 
that ‘‘in view of the unsatisfactory nature 
of much of the evidence on which our 
judgements must be based, coupled with 
the knowledge that radiation effects are 
irreversible and cumulative, it is recom- 
mended that every effort be made to reduce 
exposure to all types of ionizing radiations 
to the lowest possible level”. 

The ICRP 1951 document also limits 
exposure to fast neutrons (measured in 
terms of energy absorbed per gram of 
tissue) to not more that one-tenth of that 
permitted for X-rays, thus introducing the 
concept of “‘relative biological effect- 
iveness’’ of radiations. It was assumed that 
neutrons have an average tenfold greater 
effectiveness (in terms of damaging ion 
pairs per joule of energy deposited) than 
X-rays. 

The revision‘ of ICRP 1951 in 1954 was 
essentially a new document (92 pages 
compared with seven), much of it con- 
cerned with setting — for the first time — 
maximum permissible body burdens and 
concentrations in air and water of a large 
number of radioactive isotopes. ICRP 
1954 also makes the first definitions of the 
rad and rem, radiation units still effectively 
in use (except for a numerical factor). The 
recommendations also suggest limiting the 
exposure ‘‘of a large population” to levels 
a factor of ten below those permitted for 
occupational exposures. 

The 1954 recommendations finally laid 
to rest the concept of threshold. ‘‘Since no 
radiation level higher than the natural 
background can be regarded as absolutely 
‘safe’, the problem is to choose a practical 
level that, in the light of present 
knowledge, involves a negligible risk”. 

ICRP 1954 also considers in much more 
detail than the 1950 recommendations the 
exposure of ‘‘critical organs’’. X-ray doses 
were limited to 0.3 r per week to the blood- 
forming organs, gonads and eyes (roughly 
a fifth the pre-war whole body value) and 
0.6 r per week to the skin. 
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The 1954 recommendations also limit 
‘‘temporary’’ exposure. ‘‘Since it is- 
generally impossible to predict how long:a . 
person may be occupationally exposed to 
radiation’’, say the recommendations, ‘‘it 
is prudent to assume that it may continue ~ 
throughout his life. Therefore tem- 
porary” exposure at levels higher than the 
permissible weekly dose should not: be- 
permitted’’, a recommendation which 
might be considered to apply, for example, 
to soldiers and others exposed. tothe effects 
of British tests in Australia. 

All these recommendations were further 
revised’ in 1958, and more th 
Current recommendations® are in ICRP 
publication 26, published i in 1978. 

Robert wane 
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Japanese launch 


Tokyo 
JAPAN’s first Halley’s comet probe (MST5) | 
was successfully launched from the Uchi 
noura Space Center, Kagoshima, on 
Tuesday, 8 January. 
The satellite, given the name Sakigake - 
(Pioneer), orbited the Earth until Frida; 
and was then sent on its way towards 
Halley by a puff of propellant gas released 
on command from the control centre. Ito 
will now go on to orbit the Sun almost one 
and a half times before passing about six. 
million kilometres from Halley’s comet in 
early March 1986. Japan thus becomes the’ 
third country — after the United States and- 
the Soviet Union — to have successfully: 
sent a satellite into interplanetary space. 
The launch came after a series of delays, 
caused at first by bad weather and then bya. 
malfunctioning nozzle, but is a resounding — 
success for the new Mu-3SII launcher, 
The 138-kg MST5 satellite is itself largely 
a test craft for the main Planet A Halley’ 
comet probe, which will be launched in 
August. But as well as testing the various 
new control and communication sub- 
systems, the satellite carries a range of. 
scientific equipment. Observations will be. 
made of plasma waves and electromagnetic 
wave radiations from the comet; of th 
interplanetary magnetic field; and of th 
temperature, velocity and density of ionsi 
the solar wind. The launch has been arrang. 
ed so that when the main probe Planet A, 
which will be carrying a camera to tak 
ultraviolet pictures of the comet’s: hydro: 
gen coma, is close to the comet, the test. 
satellite MSTS will be situated downstream 
in the solar wind from the Sun. By 
coordinating the two sets of observationsit 
should be possible to understand how the. 
solar wind ‘‘blows’’ the long plasma tail of 
the comet away from the Sun. 
Alun Anderson 
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Sik- — In dismissing Christine Stevens’ 
-proposals (Nature 27 September, p. 295) 
for remedying the wilful ill-treatment of 
laboratory animals in the United States, 
Daniel Kline tells animal welfare groups 
what they should do to ‘‘breach the 
barrier” between them and the public 
(Nature 15 November, p. 191). Mr Kline’s 
attitude towards these groups can be shown 
to be patronizing and based on prejudice 
and naivety by recommending to all (sic) 
scientists proposals analogous to his. 

First, all groups of scientists should state 
unequivocally that they recognize that 
some types of animal experiments are 
unnecessary and cite which they do not 
“support. Second, they should advocate 
legislation which allows animals 
experiments to be conducted only if 
-adequate care of the animals and super- 
vision of facilities can be paid for. Do 
“people who breed and use animals for sport 
get special government support to ensure 
: humane treatment of the animals? And is 
Mr Kline implying that the current 
-standard of care is unsatisfactory and that, 
“unless government funds are specifically 
provided to improve it, scientists will carry 
on regardless? Third, they should actively 
support access of a small percentage of 
unbiased people — journalists, for 
example — to ‘‘accredited and supervised” 
< Jaboratories to verify that accreditation is 
indeed ‘‘an ironclad guarantee of first- 
class care and treatment of animals’’. 

Unless such simple steps are taken and 
acted upon with sincerity, the public can 
only conclude that scientists do approve of 
-the development of procedures such as the 
burning of rabbits’ eyes with shampoos. 
The decision that people should be given 
huge sums of money to torture and kill 
animals for the benefit of mankind was not 
made lightly. However, just as the decision 
that some shampoos should be tested on 
“ rabbits’ eyes involved the searching of our 
consciences, there are also situations, such 
as the need continually to develop ‘“‘better’’ 
shampoos and ‘better’? weapons, which 
an be avoided. It is in the power of groups 
concerned with animal welfare, including, 
Thope, Daniel Kline and other scientists, to 
take the few steps suggested above to the 
tterment of animals as well as mankind. 
- Meanwhile, what should be our response 
to those who break current laws to 
liberate/steal animals from scientific 
research institutes? Accept for the moment 
that these people are misguided. At the 
“same time, Ms Stevens has convined Mr 
< Kline that ‘‘some animals are being abused 
in medical research’’. In spite of the reports 
-of veterinary inspectors of the US 
Department of Agriculture (USDA) 
showing that ‘‘Harvard, Yale, Johns 
“Hopkins, Vanderbilt, the universities of 
“Utah, Rochester, Pittsburgh ... repeatedly 
violate USDA’s minimum standards” 
` (Nature 27 September, p. 295), Mr Kline’s 


Laboratory animals 





response is to say ‘‘one can only 
sympathize with the animals and feel 
indignant at those persons who are 
involved’’. How should the law-breaking 
researchers be punished? Often, they too 
try to justify their action on moral grounds; 
their premise is that Homo sapiens is 
“superior” to all other animals. Regardless 
of legislation, the public will continue to 
provide financial support for the wilful ill- 
treatment of animals and from time to time 
protest in various ways. 

K.V. VISVANATHAN 
Institute of Cancer Research, 
Royal Cancer Hospital, 
Chester Beatty Laboratories, 
237 Fulham Road, London SW3 6JB, UK 


Who’s confused? 


Sir — Jamie Hook, in his letter on 
“Confusion about Chinese names” (8 
November, p.95), implies that, whereas 
some Chinese hyphenate their given name, 
Europeans only hyphenate their family 
name but never their given name. The fact 
is that Europeans rarely use a hyphenated 
family name. Hyphenated family names 
are mostly used by Europeans whose name 
is common in their respective countries in 
order to make it more easily identified. In 
such cases the name of the town or village 
where the family originated is added to the 
primary name, separated by a hyphen. 
European women sometimes keep their 
maiden name after marriage and place it 
behind their married name, separated by a 
hyphen. 

In contrast, hyphenated given names, 
consisting of two words that are used 
together, are very common in several 
European countries such as France and 
Germany and the Scandinavian countries. 

HANS-GEORG GULLNER 
HFN-110, Room 16B45, 
Food and Drug Administration, 
Rockville, Maryland 20857, USA 








Virus vaccines 


Sır — Robert Walgate’s article (15 
November, p.190) contains inaccurate 
statements about the technical qualities of 
commercially available hepatitis B 
vaccines. In discussing a decision by the 
government of Taiwan to employ human 
plasma-derived vaccine manufactured by 
Institut Pasteur Production (IPP)/Sanofi 
(France), the article includes a claim by 
Sanofi that their vaccine is more effective 
than the plasma-derived vaccine of Merck 
Sharp & Dohme (United States), because 
the antigenic particles of the latter vaccine 
‘lack some important polypeptides’’, 
specifically the ‘‘pre-S’’ region of the 
hepatitis B surface antigen. The report 
states that ‘‘the ‘pre-S’ region appears to be 
important in generating full immunity to 
hepatitis B’’. 














This statement is not supported by the 
known scientific evidence and the 
published literature. The established high- 
level protective efficacy of vaccines that do 
not include the ‘‘pre-S’’ region show that 
antibodies against ‘‘pre-S’’ are not needed 
to achieve immunity against hepatitis B. 
Indeed, vaccines without ‘“‘pre-S’’ antigen 
have been proved highly effective in 
inducing immunity against hepatitis B in 
the extensive clinical and field studies 
carried out during the past several years. 

There is, by analogy, no scientific reason 
to believe that IPP’s hamster ovary cell- 
derived hepatitis B surface antigen vaccine, 
now under development and containing 
“‘pre-S’? antigen, would be superior to 
vaccines lacking the ‘‘pre-S’’ region. In 
fact, such hamster cell line-derived vaccine 
raises questions of safety for man since the 
cell is mammalian and is transformed. 

MAURICE R. HILLEMAN 
Merck Institute for Therapeutic Research, 
West Point, Pennsylvania 19486, USA 





Tunes not enough 


Sir — Patrick Rabbitt’s review of Genius, 
creativity & leadership: Historiometric in- 
quiries by Dean Keith Simonton (22 
November, p.383) provides yet another ex- 
ample of computer-obsessed silliness, in 
particular the laborious calculations re- 
sulting in the quantification of musical 
creativity. The first notes of 15,618 themes 
by 479 composers were compared in an 
effort to assess their relative originality. 
“He examined the first-order transitional 
probabilities between notes in each of these 
note strings and related them to a (here 
undefined) baseline computation for all 
transitional probabilities between notes.” 
The computation appears to show a trough 
in originality between 1750 and 1820. 

The historiometricians and their com- 
puters pay little heed to the shaping in- 
fluences of rhythm, harmony, dynamics or 
tone colour. Beethoven’s Waldstein sonata 
opens with a C major chord repeated 


| thirteen times, the scherzo trio of Sibelius’s 


second symphony with nine repeated notes 
as does the first choral entry in Verdi’s 
Requiem. The very different characters of 
these themes are determined respectively 
by rhythm, the tone colour of a solo oboe 
and by the hushed quality of pianissimo 
choral singing. One wonders how these 
themes would have scored for ‘‘origin- 
ality’’ against the baseline computation. 
Worse still, the historiometrician appears 
to have missed the point that originality 
most often lies in what a composer does 
with a theme rather than in the theme itself. 
Computers are clearly useful in compar- 
ing the sequences of oncogenes, growth 
factors and their receptors. The evaluation 
of originality is best left to those intuitive 
enough to recognize artistic and scientific 
genius. 
R. GITENDRA WICKREMASINGHE 
27 Westmere Drive, London NW7, UK 
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Defence initiative defended? 


When a substantial part of the technical community insists that ballistic missile defence is in some 
sense feasible, critics of the project should look elsewhere for ammunition. 


THE odd thing about the real world is that 
the least popular causes are advocated by 
the most able and the most genial people. 
That, if you like, is the dilemma of 
journalism, the profession of telling it like 
it is. Ask an Afrikaaner about apartheid, 
and you will discover a man who has 
thought more about the benefits of 
paternalism than you would have thought 
‘possible; some way along the line, he 
<- knows, you will agree that all those 
hospitals are better than no hospitals. 

Last month, before Mr George Shultz set 
off for Geneva for his meeting with Mr 
Andrei Gromyko, Washington was nicely 
abuzz with people’s introspections about 
star wars, otherwise known as the Strategic 
Defense Initiative (SDI). (Somebody, one 
must be sure, has written a paper 
advocating the use of the good word 
‘‘initiative.’’) Naturally, nobody is 
prepared to say explicitly what he plans to 
put in the paper he will thrust into Mr 
Shultz’s hand. But most people are willing 
to talk about the cause that they espouse, 
however unpopular it may be. 

Could the United States ever hope to 
defend itself against an all-out attack from 
a force of Soviet missiles? If so, how? And 
how soon, given that the most cogent 
objection to what should be described as 
the scenario is that it may never work? 
What follows is an account of what people 
in Washington were saying in December. It 
is based primarily on conversations with 
four senior officials of the US 
administration but particularly with 
Lieutenant-General J. (for ‘‘James’’) A. 
Abramson, the manager of the Strategic 
Defense Initiative.. 

Naturally, one begins with the most 
obvious assertion: surely a perfect defence 
against ballistic missiles cannot be 
effective, even though it may be ruinously 
expensive. One should, of course, have 
known better. People in Washington are 
now (or were even in December) so 
practised at dealing with this kind of ques- 
tion that they had not one answer but 
several, much in the spirit of the defending 
counsel who argues that his client could not 
have committed the crime of which he has 
been accused because he has a cast-iron 
alibi, because he could not have wielded the 
instrument that caused the damage and 
that, in any case, he did it in self-defence. 

The case with star wars is however more 
complicated and more substantial. It’s 
only a research programme, right? As with 
-all research, we cannot tell in advance what 
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we shall find. If we find it does not work, 
then so what? Nothing will have been lost. 
That, so to speak, is the alibi. 

The intermediate arguments are neces- 
sarily more intricate. Abramson, whose 
office occupies an otherwise almost empty 
floor of a new downtown office building, 
not an annexe of the Pentagon, is an 
eloquent exponent of what might be done. 
Even as generals go, he has a quite 
formidable reputation. He came to star 
wars only after the project had been 
launched. He had just been manager of the 
space shuttle programme, having made his 
name as the man who built the F17 aircraft. 
One of SDI’s most influential critics 
considers him the ‘‘best manager the 
Pentagon has had for years”. 

The general’s style is not that of a 
tycoon, more that of an inventor. Heis tall, 
fit, sparse and voluble, given to inter- 
spersing technical explanations with 
homilies on the importance of getting 
things right, while hunting for the right 
transparency in the muddled pile on the 
table. People who have built an aircraft as 
complicated as the F17 probably know in 
their bones that nothing but the best will 
work, and that the best will cost a lot. 

The counsel’s intermediate case is not 
hugely technical. These are early days, 
when no single way of attacking and des- 
troying presumably hostile missiles can be 
singled out. For the time being, keep all 
options open. But lasers have the dis- 
advantage of being inefficient in their use 
of energy, charged particle beams are 
necessarily so distorted by the Earth’s mag- 
netic field that their power density at a dis- 
tance will be enormously decreased. Beams 
of neutral particles, say hydrogen atoms, 
look a much better bet. 

But will not any such space-based 
weapon be vulnerable to counter- 
measures? Not necessarily. Since any 
attacking projectile will have to follow a 
ballistic trajectory, that too will be as 
visible as the satellites in which the SDI is 
embodied, and will not prudently be 
equipped with other than short-range 
mechanisms of destruction. So why not 
equip the satellites to evade whatever is sent 
to get them? 

By these standards, the arguments there 
have been about the number of the 
satellite-based battle stations that would be 
necessary to destroy a hostile force of 
missiles appear to be mundane. Both the 
congressional Office of Technology 
Assessment and the Union of Concerned 






















































Scientists are probably right to have argued 
that the number required may be larger. 
than the 180 or so that the Pentagon first 
calculated, but the Pentagon is probably 
right to argue, as it does implicit 
only the first will cost really big money 
The temptation to base the ins 
star wars on the argument that i 
ponents will not function indivi 
probably mistaken. Enough people 
technical community seem in the pas 
months to have been persuaded that there 
is something in the scheme to give the lie to 
that. But it seems also to be agreed that the 
most formidable and still unsurmounted 
problem is that of handling the data from 
all those radars, and for deciding auto- — 
matically, in minutes, how to respond. 
The third line of defence against 
criticism takes two forms. First, because 
there are five phases during which hostile ` 
missiles can be attacked, with the first 
(soon after launch) and the last (when the. 
decoys have been slowed by atmospheric 
resistance) most easily recognizable, so. 
each single stage of the defensive system 
does not have to be perfect. Indeed, the 
defenders’ advantage is even greater, | 
because a hostile missile force would 
presumably have been assigned targets that | 
must necessarily be destroyed, and will be : 
bound to counter even imperfect defence. 
by duplicating its chosen targets. i 
The second and newer defence is a conti- 
nuation of that theme: the initiative is. 
really a way of forcing an adversary to. 
recognize that there is no alternative to. 
arms control. Provided that the efficiency _ 
of the defensive system is more than nearly. 
zero, there will be limits to the extent to 
which it can realistically be countered by 
building more strategic missiles. But how 
will an adversary know how effective. the 
nascent system will be? For that matter, 
how will the designers know the 
performance of a system they cannot test? 
There is necessarily a sense of unreality 
at this point. The most common: 
complaints against SDI, that it cannot 
work, seem to outsiders to be belied by the 
numbers of intelligent people who. are 
passionately persuaded otherwise. (But | 
everybody admits that the cost could b 
unaffordable, or is at least a problem. )Th 
strongest arguments against are strategic. 
and political. But even there there is a. 
defence; whatever happens to SDI’s re- 
search phase, only the next US admini- 
stration will have to decide what should be 
done. John Maddox 





































































Astronomy 


‘from David W. Hughes 


THE source of all the gas and dust emitted 
: by Halley’s comet as it speeds past the Sun 
is thought to be a compact, dirty snowball 
“nucleus. Compact because the comet’s 
mass of 2 x 10!" g is confined in an 
object of mean diameter 9.4 km. Dirty 
because around 25 percent of the mass is 
made up of silicate particles weighing 
between 10° and 10 g, with a com- 
“position similar to carbonaceous chondrite 
“meteorites, and probably evenly mixed with 
rhat is predominantly H,O snow. At its 
“Jast apparition in 1910, “the comet lost 
about 2 x 10'4 g of material, equivalent 
to peeling a layer 200 cm thick from the 
surface of the nucleus. Observations of 
Halley’s comet over the past 2,000 years are 
consistent with the same rate of surface loss 
t-each apparition. But what does the 
nucleus look like? And how fast is it 
“spinning? 
At this approach to the Sun, the comet 
was first seen on 16 October 1982 when it 
was 11.04 au away. It is in opposition (on 
the opposite side of the Earth to the Sun) 
around January and during that time 
observers have been carefully monitoring 
$ brightness. Two papers detailing last 
year’s results have been published in a 
recent edition of Astronomy and Astro- 
physics. One group (Le Fevre, O. et al. 
stron. Astrophys. 138, L1; 1984) used the 
3.6 m Canada-France-Hawaii telescope. 
The other (West, R.M. & Pedersen, H. 
Astron. Astrophys. 138, L9; 1984) used the 
.5 m European Southern Observatory 
telescope at La Silla, Chile. Both found 
that.the brightness of the comet is changing 
not only because of the slow variation in 
eliocentric and geocentric distances but 
also throughout the night and from night 
to night. 
<An analysis of the comet’s absolute mag- 
‘nitude (magnitude reduced to the idealized 
position where the comet is 1 AU from 
both the Sun and Earth and seen at full 
phase) shows that this quantity did not 
hange perceptibly between October 1982 
d March 1984, During this time the helio- 
‘centric distance of the comet decreased 
‘from 11.05 au to 7.75 Au, and the insol- 
ation went up by a factor of two. So it is 
asonable to suppose that the cometary 
now was not sublimating, dust was not 
being accelerated away from the nucleus 
and the comet was inactive. This conclu- 
< sion is supported by the fact that the comet 
image was perfectly round and very similar 
to the telescope’s seeing disc. 
Magnitude can be measured to + 0.2. 
‘West and Pedersen found that the night- 
to-night. variation had an amplitude of 1 
magnitude (equivalent to a brightness 


What is at the centre of Halley’s 
comet and how fast does it spin? 


change of 2.5), and Le Fevre et al. found 
an amplitude of about 1.7 magnitudes 
(equivalent to a brightness change of 4.8). 
Two explanations, both relying on the spin 
of the nucleus, have been put forward to 
explain this variation. 

The first assumes that the surface of the 
nucleus has a uniform albedo and that the 
nucleus is not spherical but elongated. A 
lemon-shaped object, spinning about its 
axis of maximum moment of inertia (this 
axis being perpendicular to the plane of its 
orbit), would give the observed brightness 
readings if the long axis was about 1.9 times 
larger than the short axis. The brightness 
is simply proportional to the area of cross 
section presented to the observer. One 
problem with this hypothesis is that 
asymmetrical outgassing when the nucleus 
is close to perihelion would induce a 
precession of the spin axis, whereas orbital 
analysis indicates that the two non- 
gravitational parameters have remained 
reasonably constant over the past 2,000 
years showing that the precession rate must 
be low. 

The second possibility is that the nucleus 
is nearly spherical but the reflectivity varies 
over the surface. Maybe it is like Saturn’s 
satellite, lapetus. This has a synchronous 
spin period (always presenting the same 
face to Saturn) but, as it orbits the planet 
the leading face is dark (albedo ~ 0.045), 
whereas the trailing face is much brighter 
(albedo 0.5). The spin axis is near the plane 
of separation of the two hemispheres. 
Notice that the brightness of the nucleus 
would be proportional to the mean albedo 
of the surface facing the observer. One 
hemisphere could be covered with friable 
carbonaceous dust with a lunar-like albedo 
of 0.07, the other could be characterized 
by exposed areas of ice with an albedo of 








0.6. But how is such an asymmetrical and 
inhomogeneous nucleus produced? And 
how could this lack of symmetry persist 
after many millions of rotations and the 
2,300 or so close solar passages that 
Halley’s comet has already endured? There 
again, complicated jet and fan-like struc- 
tures have been seen in the inner comas of 
comets. These could arise from active zones 
on the rotating nucleus producing a burst 
of gas and dust as they are heated by being 
spun through the subsolar point. 

Returning to Halley’s comet, what is the 
spin period of the nucleus? Whipple (IAU 
Circular 3459, 13 March 1980) analysed 
photographs and drawings of the 1910 and 
1835 apparitions, paying special attention 
to the evolution of selected dust-ejection 
features, and tentatively set a 10.3 h spin 
period. Sekanina and Larson (Astron. J. 
in the press) returned to the problem and 
concluded that the period was about 41.5 
h. LeFevre et al. suggest that their data can 
be fitted by a period of 48-51 h but stress 
that, if the brightness variation is sinu- 
soidal, a period of 24.3 + 0.3 h is also very 
likely and that submultiples (of 
approximately 12.2 h and 8.1 h) may also 
agree with the observations. 

This confusion is not helped by the fact 
that an observer based at a single 
observatory on the spinning Earth can only 
see the comet for about 3 hours out of 24. 
Has the problem been solved by a collusion 
of observers in Chile, South Africa and 
Australia? By December 1984, the comet 
was within 5.5 AU of the Sun, the snow 
was starting to sublimate and the cometary 
nucleus had become shrouded from view 
by the brighter surrounding coma. If the 
relevant data have not been collected, the 
measurement of the spin period of the 
nucleus will have to wait for the GIOTTO 
spacecraft to fly by the comet in March 
1986 or until the coma has dissipated as the 
comet moves away from the Sun into the 
deep freeze at the boundaries of the solar 
system. 





David W. Hughes is in the Department of 
ee aia of Sheffield, Sheffield S3 
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Neuroscience 


Skeleton key to memory? 


from N. R. Burns 


COUNTERPARTS to the proteins that form 
the skeleton on the inner surface of the 
membrane of the red cell have been found 
in many other cell types (see ref. 1), in 
which they are presumed to stabilize the 
membrane. But searches have also been 
made for a more dynamic function of the 
membrane skeleton, for example in the 
transduction of signals from plasma mem- 
brane receptors to the interior of the cell. 
The latest and most dramatic claim, how- 
ever, which emanates from G. Lynch and 





his co-workers, is that the skeleton has a 
function in the mechanism of memory. 
When certain synapses in the rodent 
hippocampus are subjected to brief, high- 
frequency stimulation, the postsynaptic 
potentials evoked by subsequent stimu- 
lation are significantly increased. This is re- 
ferred to as long term potentiation (LTP). 
It may last for days and has been con- 
sidered a possible model for the basic syn- 
aptic changes that underlie learning and 
memory. Lynch and his colleagues: have: 
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presented evidence that one accompani- 
ment of LTP is an increase in the number 
of receptors for glutamate, which is the 
putative neurotransmitter at these synapses. 

Last year Lynch and Baudry ? unveiled 
a theory, in which fodrin (a neuronal ana- 
logue of spectrin, the principal protein of 
the red cell cytoskeleton) plays an essential 
part in these changes. They suggest that, 
in the neurones stimulated in LTP, there 
is an increase in postsynaptic calcium con- 
centration; this then activates the cal- 
cium-dependent protease, calpain 1, which 
uniquely attacks fodrin. The degradation 
of fodrin leads to exposure of cryptic post- 
synaptic glutamate receptors, so increasing 
the postsynaptic potentials evoked by sub- 
sequent exposure to glutamate. 

In support of the theory, Siman, Baudry 
and Lynch ? have demonstrated a relation- 
ship between the calcium-stimulated 
enhancement of glutamate binding and the 
degradation of fodrin, both effects being 
blocked by leupeptin, an inhibitor of 
calpain 1. More remarkably, perfusion of 
rats’ brains with leupeptin, which on 
Lynch’s scheme should inhibit their capa- 
city to learn, indeed impairs the perform- 
ance of various behavioural tasks. On page 
225 of this issue, the same authors provide 
evidence that causally links the degradation 
of fodrin to the calcium-stimulated increase 
in glutamate binding ¢. 

Siman ef al. have used antibodies (or 
their univalent fragments) to fodrin to pro- 
tect the fodrin on hippocampal synaptic 
plasma membranes against calpain 1. The 
membranes thus treated no longer increase 
their glutamate binding in response to 
calcium; a good correlation is observed 
between the amount of antibody bound 
and the response. This demonstrates that 
the effect of leupeptin is not a consequence 
of blocking calpain activity per se. It is also 
shown that the antibody effect does not 
arise from any sequestration of calcium or 
from a non-specific perturbation of the 
membrane by immunoglobulin. In the ab- 
sence of antibodies only some 20 per cent 
of the fodrin is degraded, suggesting that 
asub-population, possibly localized, is in- 
volved in the effect. (It is perhaps worth 
recalling that when similarly activated by 
calcium in the red cell, calpain 1 does not 
preferentially attack spectrin, but rather its 
associated proteins, 4.1 and ankyrin 5, 
which coexist with fodrin in the neurone). 

The sequence of events posited by Siman 
et al. certainly embodies important features 
required for a physiological mechanism of 
memory. The initial event could be effected 
by the brief physiological changes that 
accompany synaptic transmission. The 
scheme also accommodates the require- 
ment for a long-lasting change, for if the 
membrane cytoskeleton regulates the shape 
of the neurone, as it does that of the red 
cell, then a structural perturbation could 
readily be envisaged to result in the altered 
ultrastructure of the dendritic spines that 
seems to occur in the hippocampus of rats 
subjected to LTP ®. 
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The elucidation of the molecular basis of 
memory has been frustrated by the ex- 
tremely circumscribed nature of the elicited 
response, which is beyond existing tech- 
niques to discriminate. Although signifi- 
cant progress has been made in under- 
standing changes in synaptic efficacy in the 
nervous system of Ap/ysia and other inver- 
tebrates ’, our knowledge of the repertoire 
of possible presynaptic and postsynaptic 
changes is still fragmentary. If, indeed, 
something as simple as the cleavage of a 
single protein represents a major and uni- 





Atmospheric physics 


Atomic oxygen from a balloon 


from Gaston Kockarts 


REMOTE sensing techniques provide an 
efficient way to investigate the gas com- 
position and structure of the terrestrial 
atmosphere. It is, however, necessary to 
avoid the problems of absorption by other 
atmospheric constituents and to have an in- 
strument with a sufficiently high resolution 
to discriminate the spectral signature of a 
specific component from others. Although 
the infrared emission at 63 ym of atomic 
oxygen has been detected a few times 
during rocket flights above 85 km altitude 
in the thermosphere, T.A. Clark and col- 
leagues have achieved the first measure- 
ments at stratospheric height, by using 
especially developed detectors carried in a 
balloon. Their measurements, reported on 
page 206 of this issue, are important 
because this emission is thought to play a 
significant role in the cooling of the upper 
atmosphere. 

A physical nomenclature of the Earth’s 
atmosphere can be based on the vertical dis- 
tribution of temperature. Starting at 
-ground level, the troposphere is character- 
ized by a decrease of temperature, which 
increases again in the stratosphere, above 
10 km, owing to the absorption of solar 
ultraviolet light by ozone. Above 50 km, 
in the mesosphere, the temperature de- 
creases again as a consequence of infra- 
red cooling by carbon dioxide. It reaches 
a minimum of 150 - 200 K at approximately 
85 km, where the thermosphere starts. In 
this region, atmospheric molecular oxygen 
is progressively photodissociated by solar 
ultraviolet radiation of a wavelength 
shorter than 175 nm; in this way, atomic 
oxygen becomes a major atmospheric 
constituent. The absorption of solar 
ultraviolet radiation induces a heating of 
the thermosphere, the temperature of 
which increases with height until it reaches 
an altitude-independent value above 500 
km of 600-1,800 K depending on the level 
of solar activity. Heat is transported down- 
wards by thermal conduction, but can also 
be removed from the atmosphere by infra- 
red emission from atmospheric constituents 
which have been excited through collisions 
or through reactions with other components. 
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versal event in the process of learning, this- 
would be cause for new hope, if not yet for 
dancing in the quad. a 
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The spectroscopic ground state of atomii 
oxygen is a triplet level and the excitatio 
energy for the 63 jam line is only 0.02 eV 
which is of the same order of magnitud 
as the thermal energy of the thermospheri 
constituents. Therefore, by collisions wit! 
the ambient gas, atomic oxygen in its. 
ground state can be excited and the 63 um. 
line emitted. For a long time, this mechan 
ism was considered the principal cooling 
effect in the thermosphere. However, in. 
Geophysics Research Letters 7, 137; 1980, 
I showed that the 5.3 ym infrared. 
emmission from nitric oxide, a minor. 
thermospheric constituent, is more 
efficient; paradoxically, the fundamental: 
reason for less efficient cooling by atomic. 
oxygen is its great abundance, which is 
responsible for a reabsorption of the 63 ym 
emission. The complexity of the radiative. 
transfer problem will be further increased. 
if the usual assumption of local 
thermodynamic equilibrium is not valid, | 
which can only be ascertained by accurate: 
measurements of the 63 ym emission. 

Clark and colleagues demonstrate the 
feasibility of observing the infrared emis- 
sion of atomic oxygen from stratospheric 
heights. The interferograms obtained with 
the Fourier spectrometers have sufficient 
resolution and sensitivity to discriminat 
the 63 um emission from atmospheric 
emissions such as water vapour and its 
isotopes. Were the technique to be adapted’ 
for use on a satellite, it could lead t 
vertical profiles of the infrared emission of 
atomic oxygen, and, in principle; such: 
profiles could be used to determine: thi 
abundance of atomic oxygen, which isthe 
progenitor of atmospheric ozone. Although - 
fundamental atmospheric infrared obser: 
vations are usually made at shorter wave 
lengths, Clark ef al. have shown that an 
astronomical detector, such as theirs, can 
provide valuable atmospheric results in the 
50-100 um wavelength range, showing the 
value of a multidisciplinary approach. £] 


Gaston Kockarts is at the Belgian Institute for 
Space Aeronomy and at the Free University of 
Brussels, B1-1180 Brussels, Belgium. 
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from Paul H. Harvey and David S. Wilcove 


ON FIRST encounter, the dunnock (Prun- 
ella modularis) seems a most uninteresting 
_ small brown bird. Yet, within a single pop- 
- ulation, this species can show astonishing 
diversity in its breeding behaviour. 
Working in Cambridge University’s 
tanic garden, Nick Davies and Arne 
ndberg have found breeding groups of 
dunnocks that are polygynous (several 
emales, one male) polyandrous (several 
males, one female), polygynandrous 
several females, several males) and mono- 
gamous. This variation has allowed them 
to test, in a specific case, the hypothesis 
“that female vertebrates often distribute 
themselves according to the spatial distrib- 
ution of resources, while males respond to 
the distribution of females, The result is 
: published in a recent issue of the Journal 
of Animal Ecology'. 

“Between January and March dunnock 
males set up singing territories which they 
vigorously defend against other males. In 
` the spring, the females also begin to form 
-territories which they defend against other 
_ females. The females’ territorial boundaries 
e not constrained by those of the males, 
ut the overlap of the territories of the two 
sexes seems to determine the diversity of 
mating systems. Some females range entir- 
ely within the territory of a single male and 
the two birds form a monogamous pair. 
_ Occasionally, the range of a female encom- 
passes the contiguous territories of two 
“males and this results in polyandry. Initially 
“the males squabble and each wins the 
encounters that occur on its own turf, but 
one male gradually emerges as the 
dominant member of the pair, their terri- 
tories coalesce and the dominant male sub- 
équently copulates with the female more 
-Often than does its rival. When the ranges 
of several females are small enough to be 
‘ontained within the territory of a single 
ale, the result is polygyny. The final type 
of mating system, polygynandry, occurs 
when two or more male territories fuse to 
encompass the ranges of two or more 
females. In the polyandrous and poly- 
gynandrous systems, where more than one 
male mates with a single female, the males 
‘Not seem to be related, unlike in most 
such avian breeding systems. 

- Clearly, the dunnock’s breeding system 
_ is influenced in large part by the size of 
: female territories. What, then, determines 
female territory size? The answer is food. 
_ Dunnocks feed on small seeds and inverte- 
“brates which they glean from the ground 
in patches of dense vegetation. Within the 
botanic gardens of Cambridge University, 
-the size of a female dunnock’s territory is 
‘inversely related to the local density of such 
“patches. Davies and Lundberg were able to 


anipulate female territory sizes by altering 


ex among the dunnocks 


the food supplies of some birds and demon- 
strated a consequent change in the breed- 
ing system of individual dunnocks. Thus, 
supplementing the food supply results in 
smaller female territories that are more 
often monopolized by males. This shifts the 
mating system away from polyandry; the 
proportions of unpaired males and poly- 
androus associations decline, while mono- 
gamous pairs and polygynandrous assoc- 
iations increase sharply. - 

Other experiments have successfully test- 
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ed the resource dispersion hypothesis 7“, 
but not in a species with such a diversity ` 
of mating systems as the dunnock. Davies 
and Lundberg’s study is one of a growing 
number to show that many bird species 
have quite diverse sexual habits. It also 
provides an example of a species that is not 
restricted to only one or two mating 
systems by psychological, life history or 
phylogenetic constraints, contrary to the 
conclusions of a recent review +. g 


i. Davies, N.B. & Lundberg, A. J. Anim. Ecol, $3, 895 (1984), 

2. Pleszezynska, W.K. & Hansell, R.LC. Am. Nat. 116, 821 
(1980). 

3. Ewald, P.W. & Rohwer, S. J. Anim, Ecol. $1, 429 (1982). 

4, Lott, D.F. Behaviour 88, 266 (1984). 
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Solitons 


Optic fibres, water tanks 
and the hydrolysis of ATP 


from John Elgin 


A SOLITON is a rather special type of large- 
amplitude solitary wave, the integrity of 
which is maintained by a balance between 
nonlinearity and dispersion within the 
medium through which it propagates. 
Although observed well over a century ago 
in connection with water waves, the ubiqu- 
ity of the soliton has emerged only in the 
past twenty years or so, and the stable 
nonlinear excitation that is the soliton has 
now been observed in many physical 
systems. Three new developments in the 
theory and application of solitons were of 
particular interest at a recent conference*. 

L.F. Mollenauer (Bell Laboratories, 
Holmdel) offered one of the more exciting 
applications of soliton physics. A soliton 
laser is used to produce pulses of 210 fs 
duration at a wavelength of about 1.5 um. 
Simple extensions to the basic experimental 
scheme could reduce the width to a mere 
25 fs (about 5 optical cycles). The basic 
experimental scheme (Mollenauer, L.F. & 


Stolen, R.H. Opt. Lett. 9, 13; 1984) is a- 


synchronously-pumped colour-centre laser 
(homogeneously-broadened) that is tunable 
from 1.4 pm to 1.6 wm and produces output 
pulses typically of about 8 ps full width at 
half maximum. To operate as a soliton 
laser, the output pulses from the laser are 
first inserted into a length L of single mode 
optical fibre and then reinjected back into 
the laser cavity for further amplification. 
The optical fibre introduces the ‘soliton’ 
aspect into the system. It is well known that 
the appropriate equation governing the 
evolution of the field Æ, for optical pulses 
propagating through a fibre, is the 
nonlinear Schrédinger equation, where the 
nonlinearity arises from the refractive index 


* New Developments in the Theory and Application of Solitons’, 
Royal Society, London, 1-2 November 1984. 


(n = n, + n,|E|?). This equation has 
both single- and multi-soliton solutions. In 
particular, for the double-soliton solution, 
the input pulse becomes two solitons, both 
of which propagate with the same velocity, 
and which ‘beat’ against each other some- 
what in the manner of two tuning forks. 
The result is that the pulse profile within 
the fibre is (spatially) periodically 
modulated, becoming extremely narrow at 
the half-period point. When reinjected 
back into the laser cavity, these narrow 
pulses force the laser to produce still 
narrower pulses, and so the cycle repeats. 
The periodicity length L’ scales as the 
square of the input pulse duration, and 
hence decreases as the pulses narrow. When 
L’ is equal to the fibre length L, a 
stationary state results. Mollenauer 
presented recent experimental results that 
clearly demonstrate these effects, but he 
indicated that a proper theoretical 
treatment of the problem is outstanding. 
More generally, the work has useful conse- 
quences for information technology 
systems based on optical fibres. 

The role played by solitons in biological 
systems was discussed by A.C. Scott (Los 
Alamos). They have been implicated by 
A.S. Davydov (Phys. Ser. 20, 387; 1979) 
because of the following problem. The 
hydrolysis of adenosine triphosphate 
(ATP) to adenosine diphosphate releases 
about 0.42 eV of free. energy. A basic bio- 
logical resonance is the double-bonded 
carbon-oxygen (or amide-I bond) which 
has a quantum energy of 0.205 eV (1,650 
cm~'), and is found in every peptide 
group of every protein. It is tempting to 
postulate that the amide-I bond takes up 
the energy released during ATP hydrolysis 
(in either single or double quanta) and 
stores or transports it along the polypeptide 








































chain. However, typical amide-I absorption 
peaks imply a lifetime of about 1 ps, which 
is too short for normal biological mechan- 
isms. Davydov suggested that this lifetime 
could be markedly increased if the ex- 
citation interacted nonlinearly with other 
excitations on the polypeptide chain. In 
particular, the localized amide-I bond 
energy could act as a source for phonon 
(sound) waves excited along the chain, 
which in turn could act as a potential well 
to trap the bond energy and prevent its dis- 
persion. The complete excitation would 
therefore be localized and inherently non- 
linear in nature, that is it would be a 
soliton. Scott and his colleagues have spent 
several years studying and extending 
Davydov’s model. Recently, they have used 
it to interpret spectral lines measured in 
Laser-Raman studies of metabolically 
active Escherichia coli (Scott, A.C. Phys. 
Rev. A 26, 578: 1982), arguing that such 
spectra are consistent with the notion of 
soliton excitation along the chain. Scott 
also presented evidence of self-trapping of 
amide-I vibrational energy in crystalline 
acetanilide, which can be similarly ex- 
plained in terms of the Davydov soliton 
excitation hypothesis. 


High-pressure physics 
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Returning us to the original hunting 
ground for solitons—fluid mechanics— 
J.B. Keller (Stanford University) described 
the way in which solitons are generated and 
propagate in terms of initial value and 
initial boundary-value problems. Experi- 
ments in which a ship is pulled along a 
narrow test tank demonstrate soliton ex- 
citation. A critical parameter F, (ship 
speed/speed of long-wavelength, F mall- 
amplitude waves) exists, such that solitons 
are excited only when F, > 1. Because of 
the walls of the test tank, the solitions prop- 
agate ahead of the ship—hence the need to 
model the system as an initial boundary- 
value problem rather than simply as an 


initial value problem in studies on the | 


soliton properties of the Korteweg deVries 
equation, for example. 

Seven other papers reflected the rich 
variety of topics to which solitons have 
relevance and also dealt with the more 
abstract and mathematical topics of alge- 
braic and topological structure of the 
soliton equations themselves. g 





John Elgin is in the Department of Mathematics, 
Imperial College of Science and Technology, 
London SW7 2BZ, UK. 


Doubly-shocked helium 


from P. V.E. McClintock 


IN EXPERIMENTS carried out by W.J. Nellis 
and colleagues at Lawrence Livermore 
National Laboratory in California, and 
reported in Physical Review Letters 53, 
1248;1984, liquid helium has been shock- 
compressed to densities of up to five times 
that of the normal liquid. The pressure 
transiently achieved in the experiments 
approaches that to which helium is sub- 
jected on some planets. 

The behaviour of matter at extreme 
densities is of particular interest not only 
for its own sake but also because of its rele- 
vance to an understanding of the giant 
planets. Saturn, for example, appears to 
have an internal energy source of some kind 
and it is possible that the unmixing and 
gravitational separation of the hydrogen- 
helium fluid is responsible for the evolution 
of heat. Whether such phase separation 
occurs in reality is not at all easy to resolve 
by laboratory experiments because of the 
extreme pressures and temperatures on 
Saturn, which are believed to range up to 
about | terrapascal (107 atmospheres) and 
14,000 K respectively. To approach the re- 
quisite pressure a number of powerful com- 
pression methods are being developed. 
These include static compression tech- 
niques, the controlled use of explosives and 
the operation of a two-stage light-gas gun, 
as used by Nellis et al. 

The light-gas gun, which can be consid- 
ered as a quite monstrous analogue of an 
airgun, is used to fire a flat-ended projectile 





at very high velocity on to the sample under 
study, which is thereby transiently com- 
pressed. To maximize the initial, and thus 
also the final, densities the sample is usually 
chosen to be in its solid or—as in the 
present case—liquid phase. The process is 
initiated by the firing of a charge of gun- 
powder in a combustion chamber. That 
drives a piston up a gun barrel of relatively 
large diameter, and the piston very rapidly 
compresses hydrogen gas into a second and 
much narrower barrel, along which the 
projectile is propelled at a large and 
approximately constant acceleration, 
finally emerging from the muzzle at a 
velocity of between 3 and 7 km ~'. When 
the projectile strikes the outside of the 
sample holder, a shock wave is generated 
and propagates through into the liquid 
helium, carrying with it a region of extreme 
pressure. As a result, there are almost in- 
stantaneous and dramatic increases in the 
temperature and pressure of the helium, 
which are further increased when the shock 
wave reflects from the rear surface of the 
sample holder. 

Notwithstanding the extreme (and de- 
structive) speed with which these events 
occur, it is still possible to acquire detailed 
information about the state of the sample 
during the shock. The velocity of the pro- 
jectile before impact is determined precisely 
by means of a flash X-ray technique, and 
the velocity of the shock waves is measured 
from their transit times between self- 


shorting coaxial metal pins (relying on the 
fact that many materials that are normally. 
insulators become conductors under con= 
ditions of extreme pressure). From a know- 
ledge of the initial density of the liquid. 
helium and the characteristics of the pro- 
jectile and sample chamber it is possible 
to calculate the shock pressure, densit 
and temperature by use of the so-called 
Rankine-Hugoniot equations. By 
means, Nellis et al. calculate that the 
shock transiently increases the temperatur: 
of the helium from 4.3 K to 12,000 K an 
its pressure from just above atmospheri 
to 16 gigapascals. After reflection of th 
shock wave, the ‘double shock’ takes thi 
temperature to 21,000 K and the presenté 
to 56 gigapascals. 

The results are compared with som 
theoretical predictions i in the figure. Each 
of the broken curves is derived from a 
ferent helium interatomic potential. bas 
on past work. Only the best of the 
(dashed curve) has been extended to p! 
sures above that of the first shock, sinc 
it is immediately evident that the others a : 
in serious disagreement with experimer 
The full curve represents an improved 
version of the theory shown by the dashed. 
curve, adjusted in the light of the singh 
shock results; and the open circle represen! 
the resultant prediction of where the 
double-shock data point ought to fall. It 
is, in fact, in excellent agreement with pr 
diction, which can be regarded as rea 
suring evidence in support of the self-co1 
sistency of the data analysis and the acc 
acy of the adjusted interatomic potenti: 

Although the pressures achieved are st 
not up to the higher oa found in the 
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V (cm3/mol) 
Comparison of shock-compression results. 
helium (points with error bars) with theoreti 
predictions (curves), the pressure P being plotted 
as a function of molar volume V. From Ne! 

W.J. et al. Phys. Rev. Letters. 53, 1248; 1984 


giant planets, they are getting remarkabl 
close, so laying a firm foundation of experi 
mental data for the building of theories to 
describe those distant worlds. aga 





P.V.E. McClintock is in the Department af 
x ysin, gres of Lancaster, Lancaster LAI © 
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from Robert Bryan Long 


‘WEATHER forecasting and analysis could 
be considerably improved by the avail- 
ability of numerical models that are good 
enough to define the coupling between 
meteorology and the waves on the surface 
-Of the ocean. Spurred on by this need, by 
the impending appearance of a new series 
of satellites that can sense ocean waves, and 
_by the findings of the improbably named 
WAMP group, numerical modellers from 
untries and representing 23 insti- 
i ave recently formed a coalition in 
ler tọ develop a third generation of 
urface-wave models, 
Simulation of the behaviour of the ocean 
surface under the influence of wind has 
seen a growing number of applications in 
Tecent years. Since 1974, the US Navy has 
runa northern hemisphere Spectral Ocean 
Wave Model (SOWM)! that provides 
forecasts for ship routing and other naval 
activities. A global version of the same 
system is now being implemented. In 
Europe, the British Meteorological Office 
has a regional model (designated BMO)? 
in routine use for the North Sea and the 
adjacent Atlantic, while in the Netherlands, 
GONO model?, which covers the 
rth Sea and the Norwegian Sea, is run 
‘Our times a day and provides valuable in- 
formation in support of the massive Dutch 
astal engineering projects. In Norway, a 





the SWAMP to a more 
ertain life on the ocean wave 


new model developed in the United States 
has been adopted to provide wave forecasts 
for the oil industry in the Norwegian Sea. 
And another dozen or so numerical wave 
models, which are in advanced stages of 
development or already in operation, are 
used either to generate forecasts of ocean 
wave fields or to produce engineering 
Statistics by hindcasting wave fields for 
statistically adequate samples of storms. 

Several years ago, wave modellers from 
the United States, Europe and Japan, 
calling themselves the SWAMP group (Sea 
WAve Modelling Project), subjected the 
models from the institutes they represented 
to a sequence of six different wind-field 
geometries, each designed to explore a sep- 
arate aspect of wave prediction (such as 
fetch-limited and duration-limited growths, 
the effects of asymmetrical fetch geomet- 
ries, inhomogeneous and/or non-station- 
ary wind fields, swell generation and 
propagation). A seventh test used wind 
fields that simulate stationary and moving 
hurricanes. The results of that study, soon 
to be published by Plenum Press in a book 
tentatively entitled Ocean Wave Modelling, 
indicate that the state of the art is some- 
what less than satisfactory. 

All current numerical models of wave- 
prediction are based on computer- 
generated solutions to a radiative transfer 


A selection of the scarabid dung beetles of South Africa described by A.J. Prins in the Annals 
the South African Museum 94, 203; 1984, Top left, Trox horridus; top right: Nenteuchus pro- 
scideus; bottom, larva and pupa of Trox rhypareides. 





‘equation describing the “balance of 
processes controlling the evolution of the 
surface-wave number spectrum. These 
processes include advection, refraction and 
a variety of sources and sinks of energy. 
The principal energy source is the wind, 
while the principal sink is dissipation due 
to wave breaking and, in shallow water, to 
interaction with the sea bed. In addition, 
the non-linear interaction between waves 
acts as either a source or a sink for a given 
wave number. The advection, refraction, 
and non-linear processes are fully under- 
stood from first principles but the 
atmospheric input and dissipation effects 
are not well understood and must be 
modelled empirically. Existing wave models 
differ according to the set of parameters 
onto which the radiation balance is pro- 
jected before being presented to the 
computer for solution, the particular mix 
of theory and empiricism used to model the 
source/sink terms, and in the details of the 
numerical techniques employed. 

The SWAMP group classified existing 
numerical wave models as first or second 
generation according to their treatment of 
linear effects. First generation models, of 
which SOWM is an example, omit the non- 
linear term in the radiation balance (or 
model it in such a way that its effect is 
negligible), leading to an essentially linear 
formulation in which each wave com- 
ponent independently grows, propagates, 
saturates and decays. The prototypes of 
these models were designed before the im- 
portance of the weak non-linear interaction 
between waves was established by the 
theoretical work of Hasselmann‘ and 
experiments of the Joint North Sea Wave 
Project (JONSWAP) °. Second generation 
models incorporate the non-linear inter- 
action in some form. In principle, the non- 
linear effects can be exactly computed, but 
the calculation is so time consuming that 
it has, until recently, seemed impossible to 
make it an integral part of a full, three-di- 
mensional (2-space and time) wave model. 
(One of the SWAMP models, optimisti- 
cally called EXACT-NL, explicitly com- 
putes the non-linear interaction but only for 
one-dimensional problems, such as simple 
fetch-limited or duration-limited growth.) 

Although there are wide variations in the 
parameters used to incorporate non-linear 
interactions into second generation models 
in the SWAMP study, in every case they 
include some kind of external constraints 
on the permitted shapes of the wind-sea 
portion of the spectrum, where the non- 
linear transfer is known to be important. 
These constraints force the wind-sea spectra 








Correction 


In the article ‘‘Draughtsmen of the constella- 
tions” by David W, Hughes (Nature 20/27 
December, p.697), 0° on line 10 should have 
been (90 - 6)°, 0° on lines 13 and 64 (twice) 
should have been 6°, longitude on line 25 
should have been latitude, each } should 
have been +, and ~ was omitted before 
125gc on line 19. : 




























to conform to empirical rules established 
largely on the basis of JONSWAP data. On 
the other hand, swell components (defined 
in this context as long waves, well removed 
from the peak of the wind-sea spectrum) 
are essentially uncoupled from the wind- 
sea and must be individually considered 
as linear free waves. Differences in the 
definition of the transition from the wind- 
sea to swell, and in the representation of 
the non-linear interactions probably explain 
why agreement between second generation 
models in the SWAMP study is no better 
in quality than that between the two 
generations. 

So there are two principal objectives in 
the new joint initiative to develop third 
generation models. First, all wave com- 
ponents in the spectrum, whether swell or 
wind-sea, must be treated in the same way 
and allowed to evolve freely. Second, the 
Boltzmann integral quantifying the non- 
linear interaction needs to be evaluated at 
every grid point and time step, if not 
exactly, at least more accurately than in the 
second generation models. Already, 
participants from the Max Planck Institute 
for Meteorology in Hamburg, FRG, have 
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run a prototype global, deep-water third 
generation model on the Cray computer at 
the European Centre for Medium Range 
Weather Forecasts with results which, 
though very preliminary, are promising. 
The development of regional versions of 
the global model is planned, including 
finite-depth effects where necessary. A 
programme of verification studies, using 
wind and wave data collected by the 
participating institutes, is also planned. The 
project, presently being coordinated by 
G. Komen of the Royal Netherlands 
Meteorological Institute, is a commendable 
example of international cooperation in 
pursuit of a common goal, and offers some 
exciting prospects. g 


1. Lazanoff, S. & Stevenson, N. Fleet Numerical Weather 
Central TN 75-3, 1 (1975), 

2. Golding, B. Q. JI R. met. Soc. 109, 393 (1983). 

3. Janssen, P., Komen, G. & De Voogt, W. J. geophys. Res. 
89 C3, 3635 (1984). 

4. Hasselmann, K. J. Fluid Mech. 12, 481 (1962). 

5. Hasselmann, K. et al. Deutsche Hydrogr. Z. A(8) 12, | 
(1973). 





Robert Bryan: Long is at the Atlantic 
Oceanographic and Meteorological Laboratory, 
4301 Rickenbacker Causeway, Miami, Florida 
33149, USA. 





Bacterial motion 


Square is beautiful 


from Michael Spencer 


Not many things in the natural world are 
square. Hexagonal objects are common 
enough; but on the whole it is the smooth 
curves of circle, ellipse and spiral that 
dominate the evolutionary drawing board. 
In human affairs, this preference for the 
well-rounded extends from beauty contests 
to the marketing of food. Some years ago, 
the British Egg Marketing Board devised 
an ingenious solution to the problem of 
packaging millions of fragile, odd-shaped 
objects: the eggs would be fed into a vast 
machine to be individually broken and re- 
sealed in square-sided plastic boxes. No 
more was heard of the scheme, doubtless 
due to market research indicating that the 
customer would not stand for it. The same 
aesthetic sense must have dictated that 
potato crisps (US chips), now made by 
cutting up sheets of processed potato paste, 
still retain the pleasing contours of a thinly- 
sliced tuber. 

Biology, however, offers an example of 
almost any shape if you look hard enough. 


This august journal achieved some kind of 






~~ a 


scoop a few years ago by publishing the 
first sighting of square bacteria (Nature 
283, 69; 1980). These surprising objects are 
to be found lurking in the briny pools of 
southern Sinai. A new report by M. Alam 
et al. (EMBO J. 3, 2899; 1984) concentrates 
on their motile behaviour. This is of 
unusual interest because of the discovery 
that at least one kind of halobacterium (H. 
halobium) swims differently to other bugs: 
it goes backwards and forwards by simply 
reversing the sense of rotation of its right- 
handed helical flagella, rather than going 
through the more normal cycle involving 
a change of the helical sense. As I have 
recently pointed out in these columns (310, 
367; 1984), this presents a conundrum to 
those trying to understand how individual 
flagellar motors could operate; it requires 
a rather tortuous argument (or an entirely 
new model) to explain how a bundle of 
many flagella could reverse its direction of 
rotation without getting tangled up. 
Alam et al. find that square bacteria, 
which have apparently not yet been graced 


Electron micrograph of a square bacterium with a single flagellum negatively stained with phos- 





photungstic acid. The bar indicates 1 ym. From Alam, M. et al. EMBO J. 3, 2899; 1984. 





00 years ago. 

AT a recent meeting of the German Asiati 
Society of Japan a paper was read by Dr 
Muraoka of Tokio, on the magic mirr 
Japan. It is generally supposed that its ma; 
quality was discovered only recently; 

says Dr. Muraoka, known for a lon : 
Japan. Old ladies have told him that in their. 







from the mirror on the wall j 
ed the figures or letters on its back. It 
have been known to the Rom 
with some of their own mirr la 
concealing a mirror possessing this quali 
arrested as as sorcerer; but the aut] or 
statement is not given. The subject is eng 
considerable attention, as will be seen fro 
fact that in recent years a list of fourteen w 
on the subject is quoted, from Stanislas Julien 
in 1847, to Messrs. Ayrton and Perry quite lately; 
and, as the subsequent discussion showed, there. 
are omissions even in this list. These writers, 
especially the latter, have demonstrated beyond 
doubt that unequal convexities in the mirror 
beget its magical quality. The polished surfaces 
are convex, but the convexity is not continuous, 
and is broken in certain places. After going over 
what had already been done on the subject, and 
its results, the author described his own investiga- 
tions. The riddles of the mirror are far from- b 
ing all answered by the discovery of unequal con- 
vexity. For example, how is the inequality 
caused—by pressure, heat, or by changes in the 
molecular tension of the metal plates? The writer 
tried many experiments to answer the question, 
and he succeeded by means of chemical agent 
in drawing lines on the flat back of a mirror, 
which were reproduced on a reflected image from © 
the front. 

From Nature 31 249, 15 January 1885. 


with a taxonomic title (H. quadratum? H. 
incredible?), pose the same problem as their 
better-known cousins. Their flagella are- 
right-handed helices; and as they swim 
about, for all the world like animated | 
postage stamps, they reverse direction by 
simply changing from clockwise to anti- 
clockwise rotation. Although the flagella 
show a strong tendency to stick together | 
in bundles, reversal does not cause the 
bundles to fly apart as it does in no 
halophiles. One of the possible let-outs sug: 
gested by earlier work now seems le 
plausible because electron micrograph: 
show that large bundles or ‘super-flagella’ 
are unlikely to be detached flagella aggre 
gating around a single rotating filament. I 
seems they really can be formed by fila- 
ments arising at different points on the cell 
surface. Even more oddly, the slower. 
contrary rotation of the cell body is some- 
times absent. Rather teasingly, Alam et al. 
remark that this interesting problem will be 
dealt with in another communication. This. 
one should run and run. G 
















































Michael Spencer is an ex-biophysicist writing 
from Sevenoaks, Kent, England. 























































Epidermal growth factor 
s the precursor 


from Suzanne Pfeffer and Axel Ulirich 





THE recent elucidation of the sequences of 
_ the cell-surface receptors for low density 
poprotein (LDL)? and epidermal 
growth factor (EGF)? have revealed an 
“unexpected relationship between their 
< structure and that of the biosynthetic pre- 
cursor for EGF itself *5, and have en- 
_ hanced speculation that the EGF precursor 
may play a dual role as both a growth 
‘factor precursor and a cell-surface receptor. 

New clues to this puzzle are provided by 
- Rall-and co-workers é on page 228 of this 

issue of Nature. 

-C The 53-amino acid, mature EGF mole- 
cule is encoded within a 1,217-amino acid 
EGF precursor (refs 4* and 5). It contains 
an internal stretch of 20 hydrophobic 
amino acids, flanked by polar residues, 
which could anchor the precursor in the 
“membrane and would divide it into a 
_159-amino acid cytoplasmic domain and a 
| ,010-amino acid extracellular domain (see 
figure). Why would a secreted growth 
factor be encoded within a membrane- 
bound precursor, and why is the precursor 
more than 20 times larger than the mature 
growth factor? In addition to EGF coding 
sequences, the precursor contains eight 
repeated units of a sequence that is related 
o EGF. Each unit encodes approximately 
40 amino acids including 6 cysteine resi- 
dues. These units may represent other bio- 
logically active polypeptides but, unlike the 
polypeptide units in precursors such as pro- 
-opiomelanocortin ’, they are not flanked 
“by obvious proteolytic cleavage sites. 

Striking amino acid sequence similarities 
have recently been detected between 
bovine! and human LDL receptors? and 
he mouse EGF precursor. The most sig- 
nificant similarity (about 40 per cent) is 
between EGF precursor amino acid resid- 
565-701 and residues 457-595 in the 
LDL receptor extracellular domain (see 
figure). Sequence homology decreases in 
ions surrounding this core, but remains 
tistically significantly (approximately 30 
‘ cent) for several hundred more amino 
ds. In addition to direct sequence 
omology, the LDL receptor and the EGF 
recursor share other structural features. 
ike the EGF precursor, the extracellular 
domain of the LDL receptor contains eight 
repeated, cysteine-rich units of 40 amino 
acids in length. The spatial distribution of 
the cysteine residues is conserved in each 
of the repeat units in both molecules but 
the relative positions of the cysteines differ 
between the LDL receptor and the EGF 
precursor repeat units. In both cases, other 
amino acid residues seem also to have been 
conserved. The repeat units of both pro- 
teins are distributed into two larger, distin- 
tachi ol ei eels se 


ferical error generated a frameshift at position 3707 in the 
EGF precursor sequence reported in ref. 4, 


a receptor? 


guishable units, which are of similar size, 
and are arranged in tandem in the LDL 
receptor, yet are separated in the EGF pre- 
cursor (see figure). 

The structural theme of repeated, cyst- 
eine-rich sequences reappears within the 
human EGF receptor. Its extracellular 
domain contains four cysteine-rich repeated 
sequences of about 40 amino acids in length 
together with two of about half that size. 
The EGF receptor repeat units are enclosed 
within a larger duplicated sequence which 
involves the entire extracellular domain of 
the EGF receptor and seems to have led to 
the generation of six homologous repeat 
units®. Beyond these repeat units, 
however, the EGF receptor does not display 
significant sequence homology with either 
the EGF precursor or the LDL receptor. 

The fact that the EGF precursor shares 
structural features with two cell-surface 
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receptors, including a hydrophobic domain 
which could anchor the precursor in the 
membrane, suggests that it has evolved 
from an ancestral cell-surface protein. 
Perhaps exon-shuffling events generated 
this family of nutrient and growth-factor 
receptors, with intragenic duplication 
events producing the repeated structural 
domains that evolved to serve best the 
specific needs of each protein. While the 
significance of the cysteine-rich repeat units 
for the EGF precursor and EGF receptor 
can at present only be guessed, they have 
been postulated to contribute to a multiply- 
looped, rigid LDL-binding domain in the 
LDL receptor ?. 

Structural homologies between secreted 


1038aa 


Presumed structures of human LDL receptor (left), mouse EGF precursor (middle) and human 
EGF receptor (right) when inserted in the membrane. Hatched bars represent the membrane bilayer; 
shaded, numbered boxes depict cysteine-rich repeat units. The hatched band joins domains that 
are 40% matched in structure. Sizes of structural domains are given in amino acids (aa). The 
extracellular domain of the mouse EGF precursor includes a putative signal sequence. 
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-mòlecules and membrane receptors have: 
been reported. For example, the receptor 
for transepithelial transport of two 
immunoglobulin molecules (IgA and IgM) 
displays structural homology with its 
ligands’. In this regard, it is interesting to 
note that the precursor for a polypeptide 
homologous to EGF, transforming growth 
factor (TGF)-alpha, also possesses a puta- 
tive transmembrane sequence in a similar 
position relative to the mature growth 
factor sequence ®. However, the TGF- 
alpha precursor is considerably smaller 
than the EGF precursor and lacks cysteine- 
rich repeats. 

Together, these findings suggest that the 
EGF precursor may be a membrane pro- 
tein in addition to being the precursor of 
EGF. That idea is strengthened by the 
detection by Rall et al. of the unprocessed 
EGF precursor but not mature EGF in re- 
gions of the mouse kidney. It will be im- 
portant next to determine if the precursor 
is actually a membrane protein, and if so, 
whether it is localized on the cell surface 
or remains within the cell. Should this 
molecule be located on the cell surface, 
determination of its function will present 
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a major new challenge. It is possible that 
by regulation of protein processing, the 
EGF precursor serves different functions 
in different tissues. o 
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-SCIENTIFIC CORRESPONDENCE 


Possible functions of the homoeobox 


Sir — Recent exciting findings by several 
laboratories have centred on the possible 
molecular mode of function of the Droso- 
phila homoeotic gene products which ap- 
pear to act as regulatory elements within 
the nucleus to determine the development 
fates of specific groups of cells'>. Of part- 
icular interest has been the observation of 
the “Shomoeobox’’, an intriguing struct- 
ural element which is common not only to 
several genes in the Drosophila homoeotic 
gene complexes Antennapedia and 
Bithorax, but to other genes in Drosophila 
and in diverse other species as well? ©. 

Although the function(s) of other genes 
which contain the homoeobox sequence is, 
at present, not known, it has been a 
tempting speculation that the putative 
` protein domains encoded by the conserved 
homoeobox sequences may serve a com- 
mon regulatory role in some aspect of pat- 
tern formation or ‘‘segmentation’’; for 
example, Carrasco et al. speculate that the 
“homeo domain may give cells universal 
yet simple instructions, such as to stop div- 
iding, to divide faster, to be considered 
determined, or to stop searching for new 
pathways of development’’’. However, the 
fact that this domain has been so highly 
conserved in evolution suggests that it may 
serve a very basic conserved cellular funct- 
ion. We wish to point out that this function 
may not necessarily be directly related to 
the overall role of the gene product of 
which the homoeobox protein domain is a 
part. 

It is a mundane but nonetheless 
inescapable fact of cellular life that tran- 
slation occurs in the cytoplasm and that 
proteins with nuclear function must be 
transported into and/or sequestered in the 
nucleus. Thus, one possibility for a very 
basic generalized role of the homoeo 
domain might be in determination of the 
destination within the cell (the nucleus) of 
the gene product of which it is a part. There 
are, of course, other possibilities; for in- 
stance this domain might represent a gener- 
alized binding region for nucleic acid or for 
acidic proteins. The idea that the homoeo 
domain might simply represent a nuclear 
tag is generated by the recent work of 
Kalderon et al.'', part of whose data so 
nicely decorated the cover of the 6-11 Sep- 
tember issue of Nature. They showed that a 
region containing a run of five basic amino 
acids is solely responsible for nuclear local- 
ization of the SV40 large-T antigen; 
indeed, they found that replacement of the 
first Lys residue with a noncharged amino 
acid is sufficient to cause this protein to 
remain entirely cytoplasmic. One cannot 
help but compare this striking result with 
the fact that the key conserved feature of 
the 60 amino acid homoeobox protein se- 
quences are three domains in which similar 
short runs of basic amino acids occur. 

Consistent with the hypothesis that the 
homoeobox sequence serves as a desig- 


nator on nuclear destination is its location 
in the 3’ exon of the Drosophila homoeo 


. genes, which would give it an omni-present 


position in the variable gene products de- 
rived from the complex 5’ splicing patterns 
of many of these genes. This hypothesis 
also offers a simpler explanation for the 
presence of multiple copies of similar 
sequences in the genomes of many species 
and obviates the necessity of invoking 
homologies in segmentation processes 
between organisms from diverse phyla. 
McGinnis ef a/.'®, for example, have 
suggested that 

If the conserved homoeo domain in fruit flies, 
frogs, mice, and humans is involved in seg- 
mental development, then it is possible that 
the segmentally organized animals in both the 
protostome and deuterstome classes had a 
common ancester, and that the metameric 
body plan has evolved only once in evolution. 


The phylogenetic soundness of this argu- 
ment is open to question. Annelids and 
arthropods are fundamentally metameric 
animals in which the body is organized asa 
linear series of segments. In primitive 
forms, these segments and their repeated 
internal and external structures are very 
similar. In the evolution of insects these 
metameric segments have become highly 
differentiated from each other. Homoeotic 
genes can be viewed as having become pro- 
gressively more elaborate as regulators of 
segment differentiation in this evolution- 
ary lineage!?. While chordates do possess 
some serially repeated structures, most 
prominent of which are the somites, they 
are in no real sense metameric, as can 
clearly be seen from the most primitive 
group of chordates, the ascidians. While 
we agree that the protostomes and deuter- 
ostomes must share at some point a com- 
mon ancestor, chordates are, in fact, not 
segmented animals and are fundamentally 
distinct from arthropods and other meta- 
meric animals both in body plan and in the 
developmental processes by which the 
body plan is achieved. The evolution of 
these developmental programs offers little 
evidence of meaningful homology!*. 

We bring up this hypothesis for the sake 
of discussion; the answer of course will lie 
in data to come. Certainly a sequence of 
four to five basic amino acids is not a ‘‘uni- 
versal’’ nuclear tag. Nuclear designator se- 
quences for a number of other proteins 
have also been characterized; these com- 
prise several different amino acid se- 
quences placed in different places within 
the parent proteins'*!>. In any event, if the 
homoeobox sequence indeed functions asa 
designator of nuclear destination, the pos- 
sibility is testable by experiments such as 
those of Hall et a/.'*, who showed, by con- 
structing fused gene products, that se- 
quences from the nuclear protein yeast 
mating type factor Mat a2 are also able to 
confer nuclear localization on heter- 
ologous proteins. Finally, let us note the 
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reported homology between the homoeo 
domain protein sequence and both of the: 
yeast mating type factors, Mat al and Mat- 
a2(refs 8, 9); certainly there is little: 
argument for Saccharomyces as a- seg- 
mented organism. ELIZABETH C; RAFF 
RUDOLF A. RAFI 
Institute for Molecular and Cell Biology 
and Department of Biology, ii 
Indiana University, : ; 
Bloomington, Indiana 47405, USA 
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Sir — The current research into DNA se- 
quences involved in segment pattern form 
ation in invertebrates!“ and their putativ 
homologues in vertebrates’ raises a vari 
of questions concerning, first, the natur 
of the development process in vertebrat: 
and invertebrates and, second, the nomen- 
clature used to describe this process and its 
associated genomic sequences. Compar: 
isons between invertebrate and vertebrate 
development may be, at this early stage, 
invidious, and we would like to take this 
opportunity to state the reason why we feel 
it to be dangerous to develop an all- 
encompassing paradigm for the problems 
of segmentation in higher organisms. 

Much interest is concentrated on the 
homoeobox sequence common to several 
homoeotic genes in Drosophila melano- 
gaster®. Similar sequences are found in 
vertebrates*™!3. The homoeobox sequence 
is also found in a Drosophila segmentation 
gene (fushi tarazu) which does not confera 
homoeotic mutant phenotype. Whilethe 
exact role of this sequence is unclear, in 
both invertebrates and vertebrates, if 
clearly shows a common association with 
the process of segmentation or met 
merism in arthropods. 

Animals which are truly metameric 
show metameric stages are confined to the 
invertebrates. Vertebrates show limited 
segmentation which is confined primarily 
to the muscles of the trunk and associated 
skeletal and nervous systems. Indeed, itis. 
possible that vertebrate segmentation has 
developed independently of vertebrate. 
groups in evolution’'’, This raises the- 
question of whether the homoeobox se-- 
quences, found in both invertebrates and 
vertebrates, plays, as has been suggested'', 

































































feature may be an axial arrangement of 
issues. It would thus also be premature to 
surmise that, if such homoeobox sequences 
are truly ancestral, the conservation of 
such a sequence reflects a common 
ancestral lineage for invertebrates and 
‘vertebrates in the development of segment- 
ation controlled by a common, homo- 
gous DNA sequence. 

However, alternative possibilities exist. 
eaving aside convergent evolution, an 
ancestral homoeobox sequence may have 
been usurped or recruited for different 
functions in different morphogenetic pro- 
cesses in separate evolutionary lineages, 
and although invertebrates and vertebrates 
possess a common homoeodomain, it may 
possibly be involved with quite different 
aspects of development. Given a possible 
= DNA-binding role for the homoeobox se- 
quence!* the homoeo-product may have a 
‘common function within different mor- 
phogenetic processes in separate evolution- 
“ary lineages, thus explaining its continued 
conservation. 

Therefore, it seems to us somewhat pre- 
mature to associate homoeobox sequences 
wholeheartedly with vertebrate segment- 
ation and the control thereof. There is 
clearly an inherent danger in establishing 
“such a model. It is too soon to rule out the 
role of homoeoboxes in morphogenetic 
processes other than segmentation. 
S.D.M. BROWN 
A.J. GREENFIELD 
Biochemistry Department, 

St Mary’s Hospital Medical School, 

ondon W2 IPG, UK 
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T-cell receptor genes and 
ataxia telangiectasia 

SIR — The nature of the T-cell antigen 
eceptor has been recently discussed in 
News and Views'. The genes for the f 
chain of the T-cell receptor have been 
cloned and mapped and human chromo- 
ome 7, bands 7p13-21°, while the a-chain 
_ genes still await chromosomal assignment. 
‘We wish to draw attention to some 
observations which might indirectly bear 
on the latter issue as well as on the patho- 
genesis of immunodeficiency in human 
disease. 

It is known that in lymphocytes from 
individuals with the chromosomal instab- 
lity syndrome ataxia telangiectasia (AT), 
~14 translocations appear to be a nonran- 
dom event (their frequency is more than 40 
times higher than expected} *. Break- 


a common role in a process whose only- 
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points on these chromosomes are also 
highly nonrandom, involving bands 7p14 
{consistently with the position of the T-cell 
receptor B-chain genes), 7q35, 14q12 and 
14q32 (consistently with the known 
position of the immunoglobulin heavy- 
chain genes). The relative frequencies of 
breaks at 7p14 versus 7q35, and at 14q12 
versus 14q32 are 1:1 and 3:1, respectively?*. 
It is reasonable to speculate that the 
spontaneous breakages at bands 7p14 and 
14q32 in AT lymphocytes originate from 
faulty rearrangements of the T- and B-cell 
receptor genes which map there. This also 
suggests that these genes are normally 
rejoined, during rearrangement, by the 
same repair mechanism which is defective 
in AT, thus providing a basis for the T- and 
B-cell immunodeficiency characteristic of 
this syndrome’. The fact that 7~14 trans- 
locations are found in T-lymphocytes 
might indicate that both chromosomes 
contain genes which rearrange in these 
cells. The nonrandom breakpoints at 
bands 7q35 and 14q12 may reflect the 
positions of two different sets of rearrang- 
ing T-cell receptor genes, for example the 
a-chain and the so-called non-a genes’ . 
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Department of Clinical Immunology, 
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Medical versus animal 
antibiotics in resistance 


Sır — In his letter on ‘‘animal antibiotics’’, 
A. H. Linton! says that ‘‘the present 
debate fon resistance] ... hinges on 
whether or not subinhibitory, rather than 
prophylactic or therapeutic levels of anti- 
biotics play the major role’’. I believe that 
subtherapeutic, rather than subinhibitory, 
levels fed to animals are central to the 
present debate. Even though there is lab- 
oratory work on subinhibitory levels, these 
low levels are not added to animal feeds. 

As cited by Linton', there is a large 
reservoir of R plasmid-carrying indigenous 
flora in the intestines of animals’, but these 
flora are not necessarily a significant 
source of resistance for human pathogens. 
For example, ampicillin-resistant Neisseria 
gonorrhoeae probably derives its resistance 
from human origins?. 

The suggestion that the energy cost to 
bacteria of carrying R plasmids places them 
at a disadvantage has been negated in some 
studies, but has found support in others, as 
discussed by Timoney and Linton*. Rough 
cultures of Salmonella choleraesuis var. 


TURE VOL. 313 (7 JANUARY 1983 
kunzedorf, with associated reduced viru- 
lence, were found to be better recipients of 
R factors than were their smooth virulent 
parental counterparts.°. 

Richmond and (K.B.) Linton® found 
that sewage from hospitals contained more 
resistant organisms than did domestic 
sewage. They concluded that the main 
selective pressure for tetracycline-resistant 
organisms was from medical rather than 
veterinary use of antibiotics. 

THOMAS H. Jukes 
Department of Biophysics and Medical 
Physics, University of California, 
Berkeley, Oakland, California 94608, 
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Globulin flexibility 
worked out by hand 

SIR — Pirie’s recent note’ , about the flexi- 
bility of globulin molecules and the com- 
fort of transposing left and right shoes, 
misses the main point of the the original 
model?. It proposes that (-)abscisic acid 
can fit into the normal active site of a re- 
ceptor (affecting growth inhibition) which 
is normally filled by natural (+)ABA, 
provided that the 2'-methyl of the (-) can 
occupy the site of a 6' -methyl group of the 
(+), and a 6’-methyl of the (-) fits into the 
place which is occupied by the 2’ -methyl of 
the (+). This transposition could occur 
without distortion. 

It is analogous to putting the little finger 
of a left hand into the thumb of a right 
glove and one’s thumb into the little 
finger’s position. The procedure can be 
carried out without discomfort and prov- 
ides an appropriate mode for the similar 
action of the two enantiomers of ABA. 

Pirie puts his foot in; a more even- 
handed approach is suggested: 
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Hotspot—migrating ridge interaction 
in the South Atlantic 
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Short-wavelength geochemical anomalies in the basaltic layer 2A occur along the South Atlantic mid-ocean ridge o 
Ascension, St Helena and Tristan hotspots, further evidence that preferential subcrustal flow channel: develo, 
mantle upwelling zones (hotspots) and migrating ridge axes. Geochemical variability suggests that the plume « alor 


channels would be schlieren-like rather than continuous. 















MANTLE heterogeneities have been researched extensively since 
significant differences in radiogenic Pb and Sr isotope contents 
of lavas from Ascension and Gough Islands were discovered! 
and attributed to long-lived heterogeneities in parent/daughter 
U/Pb and Rb/Sr ratios in the source of these lavas in the mantle 
(~ 1.5 Gyr). The majority of basalts erupted along mid-ocean 
ridges are thought to be derived from a relatively uniform source 
depleted in the large-ion lithophile elements (LILE). On the 
other hand, the sources of magmas erupting at oceanic islands 
and shallow submerged volcanic platforms are heterogeneous, 
tending to be less depleted or even enriched relative to bulk 
earth LILE contents. Radiogenic Sr, Nd, Pb, He and Ar isotope 
systematics’ suggest that the trace element composition of 
mantle domains, associated with hotspots, range from values 
approaching that of the primoridal Solar System to enrichments 
or depletions indicative of extraction and recycling of crustal 
materials on various time scales. 

Two main classes of models have been derived to explain 
these observations. First, a random distribution of LILE-rich 
mantle domains of various sizes are embedded passively in a 
LILE-depleted convecting mantle matrix’”'', although whether 
convection is taking place over the entire mantle or is limited 
to the upper mantle above the 670-km discontinuity is 
unknown! t, Sampling of these different domains by lavas 
produced by partial melting at different rates, equilibrium- 
disequilibrium conditions and mantle volumes account for the 
heterogeneities observed along the mid-ocean ridges and islands. 
This model is often referred to as the raisin or ‘plum-pudding’ 
mantle model. 

Second, LILE-rich mantle plumes or blobs, dynamically 
buoyant, rise beneath hotspots (oceanic islands or shallow sub- 
merged volcanic platforms) and interact and mix with the LILE- 
depleted asthenosphere while penetrating it from below'*"*. 
Here, the blobs are considered as relatively long-lived and 
spatially fixed sources of LILE-rich material, whereas mid-ocean 
ridge spreading axes are considered as sinks of upper mantle 
materials'’°°, These upwelling zones seem to be fixed with 
<5 mm yr! of relative motion worldwide, or <3 mm yr`' in 
better constrained areas such as the Atlantic". These upwelling 
zones seem to be essentially continuous on time scales of 
100 Myr, judging from resulting constructional volcanism??? 
However, where geochemical monitoring of LILE-rich and dep- 
leted volcanic products has been measured in sufficient detail, 
such as the Faroes-Iceland™ and the Walvis aseismic ridges”, 
the upwelling of LILE-rich material seems to be cyclic on a 
shorter time scale of ~ 10-20 Myr, suggesting the rise of a chain 
of blobs rather than continuous plumes. Whether these blobs 
are representative of the deeper mantle or some intermediate 
zones or domains is also unknown” 

Three types of hotspots are recognized within the framework 
of plate tectonics: intraplate-plate (for example, Hawaii”), 
ridge- centred (for example, Iceland“) and near-ridge (a hotspot 

















































once on the ridge but the ridge has migrated a away from i ity 
example, Galapagos'®”®). 

It is well established that ridge-centred plumes produce large- 
scale isotope and trace-element gradients along the ridge, 
unusually intense constructional volcanism, elevation anomalies 
or time transgressive V-shaped ridges, apparently as a result of 
preferential flow of LILE-rich plume-derived material belo 
the ridge axis acting as a sink'*”°, We explain the geochemic 
gradients by mixing and progressive dilution of the LILE-rich 
subaxial flow with the LILE-depleted asthenosphere, which 
normally would feed the ridge completely'®. In contrast, if the 
ridge axis drifts away from the plume as in the case ‘of t 
Galapagos Spreading Centre, the plume apparently tends to 
develop a preferential non-radial flow towards the migratii 
ridge-axis which continues to act as a sink'??°’, Lava compo: 
tions are still gradational along the ridge axis, symmetrical abo 
the hotspot and the envisaged connecting channel, but. 
gradients along the ridge axis are not as long and the ‘elevation 
anomaly i is more subdued. An important question in this working 
model is how long the plume-source ridge-sink mixing intera 
tion and channelling of the plume can be maintained as the 
ridge axis is migrating progressively further away, and to what 
extent fracture zones may affect or enhance such flow. | 





Geochemical observations 


To study this question, we report here on trace-element vari- 
ations along the Mid-Atlantic Ridge (MAR) in the South Atlan- 
tic, where hotspots are at least 400 km away from the ridge axis 
(Fig. 1). Plate reconstruction in the framework of relatively fixed 
hotspots suggests a westward migration of the ridge for at le 
the last 25 Myr?'?478-30, 

Based on existing geomorphological and geophysical 
evidence and the location of near-ridge hotspots, three dredging 
expeditions between 1° and 47°S in the South Atlantic sough 
to determine the presence or absence of hotspot-related 
geochemical anomalies along the MAR axis (Fig. 1). 

We first examined the area around the Tristan da Cunha- 
Gough Islands (30°-47°S, Atlantis II, 107) where the shallo 
ness of the ridge*'’, the closeness of these two islands to 
ridge (~ 450 km) and the presence of two parallel linear zon 
of earthquake epicentre activity just south of the 35°S fracture 
zone? (suggesting overlapping rifts or a recent rift jum 
configuration similar to Iceland) predicted that a geochemica 
anomaly might be found there. 

The possibility of finding a geochemical anomaly between T 
and 10°S near Ascension Island was then investigated (10 
20° S, Endeavor 061). Previous observations**”* indicated: (1 
a change of strike of the MAR axis between 8°-9°S (ref. 35), 
an anomalous elevation™ and instead of a rift the presence of ; 
an elevated crestal block (similar | to the Reykjanes Ridge”, 
the Galapagos Spreading Centre’); (2) a gap in earthquake 
epicentre activity’, suggesting a more ductible crust (as in the 
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Fig. 1 Location of dredged samples along the MAR used in this 
study (closed circles). Location of DSDP Leg 3 drill holes are 
shown in open circles. 


northern part of the Reykjanes Ridge, where there is a 
feochemical gradient'®'*); (3) a possible net deviation in the 
quare root of time-verus-subsidence depth curve at this lati- 
“438 and the presence of a large truncated topographic bulge 
0km east of the MAR over ~20-25 Myr-old sea floor (the 
Arce Hotspot, named after the Circe Expedition of Van Andel 
d Heath**); (4) the presence of a transverse east-west ridge 
the lower eastern flank of the MAR on 40-Myr sea floor and 
ffset-of magnetic anomaly lineaments”, suggesting rift jumps, 
commonly associated with hotspots*?. We interpret these 
tures as characteristic of a ridge near a hotspot, here, possibly 
the Circe hotspot rather than Ascension Island. We make no 
ediction for the MAR segment facing the 800-km distant St. 
lelena hotspot, as no ridge elevation anomaly or unusual 
eophysical feature was apparent in the region. 
The third cruise (20°-30°S, Endeavor 063) was in a part of 
he MAR predicted to be ‘normal’ (from DSDP Leg 3 sampling 
across the ridge***' and lack of an anomalous ridge ele- 
ation???) 
- Basalts from dredge-haul intervals of 40-100 km are generally 
; often glass-rimmed and are believed to be of zero or near 
age, though the control is not as good as the North Atlantic 
s the location of the ridge axis is poorly known and the weather 
s particularly bad. during the sampling over the Tristan Plat- 
rm region. All the basalts can be classified as quartz or olivine 
ormative tholeiites, with the exception of one sample (15.46° S), 
“nepheline normative basalt. Petrological and geochemical 
studies have been completed on these samples and will be 
reported separately for the three cruises (ref. 24; H. Sigurdsson 
nd co-workers and J.G.S. and co-workers, in preparation). In 
his paper we focus on the variation of La/Sm and Nb/Zr ratios. 
ese two LILE-ratios are closely related and good indicators 
of mantle source derivations, evident from the similarity with 
the *’Sr/*°Sr in the North Atlantic Profile“, Anomalously 
high (La/Sm), (> 1) and (Nb/Zr) ratios (> 0.06) are charac- 
teristic of LILE-rich mantle domains. Figure 2 shows that, in 
contrast to the large-scale gradient observed in the North Atlan- 
tic over the ridge-centred Iceland and Azores hotspots, only 
spike-highs in the LILE-ratios are observed at the approximate 
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Fig. 2 (La/Sm) normalized to chondrites (closed circles), Nb/ Zr 
ratios (open circles) and depth of sample recovery (crosses) as a 
function of latitude along the MAR Axis. Sample locations shown 
in Fig. 1. Note the good correspondence between Nb/Zr and 
La/Sm and large variability within anomalous spike regions 
(La/Sm > 0.7) relative to normal ridge segments (La/Sm< 0.7). 
Note the short wavelength elevation anomaly over Ascension 
(Circe) spike and the broader elevation anomaly high over the 
Tristan-Gough region. Position of fractures are shown as dotted 
lines with numbering system corresponding to: 1, Chain; 2, 
Charcot; 3, Fernando; 4, Ascension; 5, Gabon; 6, St Helena; 7, 
Bonaparte (named during Cruise ENO61); 8, Hotspur; 9, Martin 
Vaz; 10, Rio Grande; 11, 35° S; 12, Tristan; 13, Gough. The fracture 
zones near 23°S, 26°S and 46°S are unnamed. The exact sample 
location, depth of recovery and the geochemical data shown in 
this figure can be obtained by writing to J.-G.S. 


latitude or mantle flow line of Circe, St Helena, and Tristan 
da Cunha-Gough near-ridge hotspots. These South Atlantic 
anomalies are characterized also by large local compositional 
variability as expressed in single dredge hauls (Fig. 2). Relative 
variability within the MAR segments comprising the three 
geochemical anomalies are also greater than the 20°-30°S nor- 
mal ridge segment. The (La/Sm),, means and % standard devi- 
ations of the 0°-12°S, 12°-20°S and 30°-40°S ridge segments 
are 0.81 +43, 0.86+58 and 0.83 +27, respectively, whereas the 
20°-30° S normal ridge segment averages 0.59 + 13. 

The Circe spike anomaly centred at 8°- 10° S is well delineated 
as the sampling interval chosen was small, significantly smaller 
than the half-width of the anomaly. This geochemical anomaly 
seems to be confined to a linear ridge segment bounded by the 
Ascension and Gabon Fracture Zones. It is accompanied also 
by a small anomaly in the ridge elevation, reflecting the progress- 
ive disappearance of a rift and the development of a blocky 
type of ridge crest resulting from constructional volcanism peak- 
ing at the same place as the geochemical anomaly. The case of 
the St Helena spike anomaly at 15°-16°S (just north of St 
Helena F.Z.), however, has too coarse a sampling density to 
define the half-width of the anomaly with any reliability at this 
time. There is no anomalous ridge elevation and a rift is present. 

In the Tristan-Gough platform region, the anomaly is broadly 
distributed and significantly larger than the sampling intervals, 
except on the southern part. Several small spikes may be present 
throughout this region. The wavelength between these spike 
maxima is irregular and differs from the spacing between Tristan 
and Discovery hotspot trails trending northeast and ending 
approximately at the 25-Myr isochron”*. Thus, they are not 
located exactly opposite the hotspots if projected along the 
spreading flow line inferred from plate reconstructions. The 
spikes on the MAR axis are displaced southward by ~1° with 
respect to the position of the hotspots projected on the MAR | 
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Zr/Nb 


Fig.3 Variations in Y/Nb and Zr/Y with Zr/Nb ratios in MAR 
basalts between 32° S and 46° S. Open circles are enriched samples 
within the spike-highs and closed circles normal ridge basalts. 
Dashed curve (or line) is calculated from a binary mixing model 
between a Tristan da Cunha plume source and a depleted asthenos- 
phere source (see ref. 24 for details and source of data). 


axis along the spreading flow lines; the 31.5° N spike has no 
hotspot counterpart on older sea floor. It is interesting to note 
that the ridge is migrating southwest at a rate of 2 cm yr relative 
to the hotspots”’. However, our preliminary sampling interval 
along the MAR is too large relative to the apparent wavelength 
of the spikes to decide whether these spikes are real or are 
random variations within the broad anomaly-high over the Tris- 
tan platform. Finally, the position of the geochemical spikes in 
the Tristan region do not show any sytematic relationships to 
the location of fracture zones. 

The ridge segment between 20° and 30°S is characterized by 
essentially LILE-depleted basalts and a rifted crest morphology. 
The depth of the MAR axis is also greater and shows less 
variation in this region of the South Atlantic (Fig. 2). The 
(La/Sm),, and Nb/Zr ratios tend to increase slightly toward the 
south, irregularly and without relation to fracture zones. 


Hotspot—ridge interaction 


Our geochemical results suggest that the mantle anomalies 
associated with the off-ridge South Atlantic hotspots are 
sufficiently large, or mantle flow patterns are such that they can 
influence the source of eruptive products along MAR segments 
in their closest vicinity, here as distant as 450-800km. It is 
significant also that our three first-order geochemical predic- 
tions, based on morphological and geophysical observations, 
have been confirmed; that is, a geochemical anomaly was found 
on the ridge segment nearest to Circe and the Tristan-Gough 
region, whereas the 20°-30°S segment was essentially normal. 
Thus our first-order test is conclusive. We also noted that there 
were no morphological indications suggesting an anomaly at 
the approximate latitude of the St Helena hotspot. However, 
on the basis of the model of migrating ridge sink—hotspot sources 
and our previous near-ridge hotspot case study of the Galapagos, 
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there was an indication that unusual ridge elevations may — 
become more subdued, perhaps to the point of disappearing, | 
with geochemical gradients becoming shorter-as ridges migrate 
away from hotspots. Thus, the presence. of the St Helena 
anomaly suggests that constructional volcanism is likely to dis- 
appear first, whereas some anomalous plume material mays at 
reach the migrating ridge. 
Compaen? with the North Atlantic also > sommes 1 






longer operational. The a in the aon 
pudding’ mantle model that increasing: oe 


gi from the North to the South Atlantic ro 
! full rate. We suggest instead that local variability 
related to the presence or absence of a hotspot and its distan 
from the ridge, evident in the South Atlantic from the local 
uniformity along the 20°-30° S segment where there is no hotspo 
and the large variability in the spike-highs along segments 
opposite the Circe, St Helena and Tristan-Gough hotspots 
This is evident also in the North Atlantic along the regula: 
gradients near the ridge-centred Iceland and Azores hotspo 
where local variability per unit length of the ridge is usually 
smalier. 
We next need to test the proposed binary mixing and connec 
tion between the short wavelength anomalies on the ridge an 
nearby off-ridge hotspots. This can be done both geochemica: 
with isotope ratios and with incompatible trace-element ratios 
If the variations in the LILE ratios within the spike-highs ha 
not been affected significantly by partial melting and magma 
emplacement processes and reflect binary mixing between ridge 
and hotspot source, each spike should also produce a distinct 
mixing array in trace element co-variation diagrams, pointing 
toward the particular signature of the corresponding near-ridg 
hotspot with which it is connected. The more distinct t 
geochemical signatures of these hotspots, the more reliable i is 
the test. Available data from our study of the Tristan da. Cunh 
system indicate that indeed a connection may exist”. Bot 
Tristan Island basalts and corresponding samples from the MAR 
in the region define a good mixing curve (Fig. 3) and thus seem 
to pass the test, despite the likelihood that these ratios may hav 
been affected partly by smaller degrees of partial melting, p if 
ticularly for the Tristan alkali lavas used in this test”*. er 
important question is the physical form of the flow and mixin; 
toward the MAR, which may occur in the form of solid, solid 
liquid, or melts only, The lack of greater dispersion about th 
mixing trends in Fig. 3 tends to eliminate melts (see ref. 20) 


Mantle flow patterns 


Hotspots are considered here as an upwelling source of. LIL 
rich material and ridges as sinks which, in the absence 
hotspots, are fed passively with LILE- depleted asthenosphe 
material as plate divergence takes place. It is of interest 
evaluate how the new South Atlantic data can provide 
straints on probable upper mantle flow patterns beneath th 
region. 
We believe that the modelling and surrounding argument 
must remain simple, both because resolution is limited by th 
sampling density of this first-order survey which is coarse an 
essentially one-dimensional whereas the flows are not, and 
because of problems inherent in the sampling method of using 
melts-as probes of upper mantle heterogeneities. These problems 
include the relative length scale and geometry of the melting 



















































operative degrees of melting and modes of melt segregation and 
pathways taken, whether magma chambers are present or not 
s original heterogeneities can be obliterated by convective 
mixing in magma chambers“) and the individual length scale 
of such magma chambers relative to that of the sampling 
intervals. 
Ignoring these problems, Fig. 4 illustrates schematically sea- 
floor spreading/asthenosphere flow models often considered in 
the literature. Model | considers the ridge to be over the limb 
of two diverging convective cells (active symmetric spreading). 
e- point source of LILE-rich material associated with the 
hotspot would be deflected away from the ridge axis. In sym- 
metric spreading model 2, the flow to the ridge axis is essentially 
subvertical and takes place passively in response to plate diver- 
gence. In both cases, the near-ridge hotspot activity would 
remain undetected at the ridge axis. Accordingly, we reject these 
_ two spreading-flow models for the South Atlantic. 
On the other hand, models 3-5 could generate LILE-rich 
_ spikes at the ridge axis. Model 3 considers a passive subhorizon- 
_tal return flow probably representing the case of a relatively 
-thin asthenosphere. Material from the near-ridge upwelling zone 
. would be deflected toward the ridge axis, smeared and dispersed 
_as it penetrates the asthenosphere, a zone subject to high shear 
deformation". The plume need not have been centred previously 
on the ridge axis in this model, but an associated elevation 
‘anomaly might not be explained as readily. 
“Model 4 is the near-ridge upwelling zone describing best the 
inematics of plates with respect to fixed hotspots in the South 
Atlantic and the southwest migration of the MAR?!2?:?8-3°_ The 
ILE-rich upwelling zone (hotspot) was on the ridge at time to 
25-80 Myr according to fixed-hotspot/migrating-ridge recon- 
tructions); subsequently the ridge migrated away from the 
hotspot to its present position (1,). A sublithospheric channel 
was established between the hotspot and the ridge axis acting 
is ‘a sink; the sublithospheric channel extended progressively 
th time, thus maintaining a geochemical and elevation 
inomaly at the ridge axis at the latitude of the hotspot. The 
eochemical variability observed in the spikes at the ridge axis 
ould be explained if the material from the plume were schlieren- 
ke along the connecting channel, rather than continuous. 
agma chambers beneath the ridge axis in these regions seem 
Obe ephemeral or non-existent and mixing conditions are poor. 
Also the elevation anomaly at the ridge axis would subside as 
he ridge migrates away from the hotspot. 
Model 5 illustrates the case of a random distribution of the 
ALE-rich mantle domains riding passively within the flowing 
thenosphere (passive or active; see arrows in Fig. 3), that is, 
he ‘plum-pudding’ model. This model could produce the three 
ochemical anomalies observed and cannot be rejected readily. 
However, the probability of three such enriched domains taken 
rom a pool randomly distributed over the globe and occurring 
n the ridge axis just opposite the three other off-ridge hotspots, 
nd not elsewhere, must be very small. 


\dditional tests 

ye describe briefly two further tests to support the hotspot 
ource/migrating-ridge sink and channelling connection model. 
First, there are two other important hotspots which could 
have affected the MAR in the South Atlantic: Trinidade and 
Fernando de Noronha’? (Fig. 1). Both are located far from 
he ridge, Trinidade being about 2,300 km on the west, which, 
srajected along a spreading flow line, would fall around 21°S 
here. no geochemical anomaly is apparent. This hotspot is 
therefore too distant or was never close enough to have sensed 
or affected the MAR. The track of this hotspot is likely to have 
been under South America for the last 120 Myr, had it been 
active all this time*'?*. The MAR ridge axis was never on this 
otspot and could not have sensed it and be deflected towards 
, in agreement with the geochemical evidence. Morgan’’', 
however, predicted the track of Fernando de Noronha to run 
ssentially parallel to the MAR between 5° N and 5°S and to 


zone compared with that of the mantle heterogeneities sought, 
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Fig.4 Schematic representation of mantle flow-plate motion 

models which cannot (models | and 2) or can (models 3-5) explain 

the short wavelength La/Sm (or Nb/Zr) anomalies shown in Fig. 

2. DLVL, depleted low velocity layer (depleted asthenosphere): 

lithos, lithosphere. Asthenospheric flow lines in model 5 are for 

passive spreading (full-line arrows) and active spreading (dashed 
arrows). 


be close to or on the MAR 150-90 Myr, had it been active all 
this time. Projection of the present location of the Fernando de 
Noronha hotspot along the spreading flow line would place a 
possible anomaly just south of the Chain F.Z., where there is 
indeed an indication of a slight enhancement in the La/Sm at 
1°S and near St Peter and St Paul Rocks (Fig. 2); thus it could 
be that these two anomalous stations might be related to the 
Fernando de Noronha hotspot track. Our sampling is too sparse 
for a proper definition of this possible anomaly; nevertheless, 
the above two observations and the similarity of Pb isotopes of 
Fernando de Noronha“ and St Peter and St Paul Rocks*’ are 
consistent with predictions of the model. 

Second, the connection between the near-ridge hotspot and 
the spikes along a sublithosphere channel can best be tested 
isotopically as the Ascension, St Helena and Tristan hotspots 
and the depleted asthenosphere have very distinct signature in 
three-dimensional Sr, Nd and Pb.isotopic space’. Any mixing 
between the LILE-depleted source and the particular hotspot, 
as suggested by our working hypothesis, should produce distinct 
binary mixing trajectories in such three-dimensional isotopic 
space. The mixing trajectories need not be in the mantle-plane’, 
but could have a certain curvature depending on the Pb, Sr and 
Nd concentration of the end-member reservoirs, or scattered in 
a manner dependent on the internal uniformity of the end- 
member reservoirs” and on whether mixing occurs in a solid 
or melt form. The distinction between these hotspots is apparent 
also in isotope Pb 207/204 or 208/204 versus 206/204, as the 
Tristan-Gough hotspot has rather high 207/204 or 208/204, and 
deviates markedly from the general mantle array formed by 




















mid-c ocean ridges and other oceanic islands (or ~1.6 yr secon- 
dary isochron)*'**, We are investigating presently these tests, 
which have been proposed independently” 

In conclusion, we believe that the working model of hotspot 
source-migrating ridge sink and channel connection shows 
sufficient systematics to be followed up by additional tests in 
other areas, or by further definition in the South and central 
Atlantic. We believe also that isolated anomalies in some areas, 
such as near the East Pacific Rise around 9° N°, or on the SW 
Indian Ridge east of Bouvet Island®, which have prompted 
respectively the random plum-pudding working hypothesis and 
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Co-cultivation of Agrobacterium tumefaciens with plant cells leads to the induction of circular copies of the T-DNA 
segment of the large tumour-inducing (Ti) plasmid in the bacterial cells. These circular molecules are presumably 
intermediates in DNA transfer from the A. tumefaciens genome to the plant cells. In support of this suggestion, the junction 
of the T-DNA circles occurs precisely in the 25-base pair terminal sequence involved in T-DNA transfer. : 








THE bacterium Agrobacterium tumefaciens transfers a particular 
DNA segment, the T-DNA, from its large Ti plasmid to plant 
cells. The expression of T-DNA after its integration into the 
plant genome results in crown gall, a tumorous growth'™. 
Recently, this system has been modified to allow the transfer of 
any DNA sequence without interfering with normal growth and 
differentiation of the transformed plant cells**; it offers poten- 
tial for the study and manipulation of plant gene expression”? 
Here we investigate the DNA transfer process itself. 

A 25-base pair (bp} sequence has a cis-acting function and 
directs T-DNA transfer from the nopaline Ti plasmid"; it is 
found as a direct repeat at the ends of the T-DNA region of 
the Ti plasmid and the borders of the T-DNA in the plant 
genome end at or very close to this sequence'*'*. Removal of 


the left copy of the sequence does not affect T-DNA transfer, 


but removal of the right copy abolishes tumour formation ae 








Reintroduction of the 25-bp sequence to a right border deletion 
promotes T-DNA transfer (assayed by tumour formatio 
furthermore, the reintroduced sequence was fully active only in 
the orientation found normally in the Ti plasmid”. 

The mechanism of this DNA transfer is unknown. Agrol 
terium itself is thought not to enter the plant cell; thus, the 
entire Ti plasmid or the T-DNA alone must be transport 
across the bacterial and plant cell membranes. We describe here 
the first isolation and characterization of T-DNA intermediates 
in the transfer between Agrobacterium and the plant cell. _ 

Two independent methods were used to search for possible 
T-DNA intermediates. If a copy of the T-DNA is excised from 
the Ti plasmid during the transfer process, it might be detected 
by either A in vitro packaging or plasmid rescue. The first method 
is sufficiently sensitive to detect possible intermediates if excess 
of both unaltered T-DNA in the original Ti plasmid and total 





















































pbottérium and plant DNA are present. The aho should 
Iso allow quantitation of intermediate structures relative to the 
-DNA segment before any transfer events. Thus, we enlarged 
i\e T-DNA region of the nopaline Ti plasmid C58 to 47 kilobases 
(kb) in size by the insertion of the transposon Tn7 and the 
osmid p3030 (Fig. 1); the resulting T-DNA region is almost 
the size of normal A DNA and should therefore be packageable 
because of the cos site in the inserted p3030 portion. Intermedi- 
_ates of either tandem arrays of this T-DNA or circular T-DNAs 
üld be substrates for the packaging reaction and packaged 
particles could then be used to transduce Escherichia coli, with 
hose cells containing DNA with the cosmid and the Tn7 drug 
esistance markers being selected specifically. As A packaging 
ystems normally produce = 210° plaque-forming units per 
A DNA, the method should allow the recovery of packageable 
trates in a large population of nonspecific DNA. 

ẹ second independent method, plasmid rescue, was 
igned to isolate circular T-DNA intermediates in particular. 
is strategy is based on the Ti plasmid pGV3850 (ref. 4), which 
sä short T-DNA region containing the left and right borders 
lanking the cloning vehicle pBR322. Thus, if T-DNA circular 
intermediates form by a joining between the T-DNA ends, they 
may be isolated after direct DNA transformation of E. coli by 
“simply selecting for the ampicillin resistance marker of the 
BR322 portion of the pGV3850 T-DNA. If such circles exist, 
ey would be obtained specifically with total untreated Agrobac- 
rium DNA, that is, without any cutting or ligation steps. 
We sought to produce conditions where T-DNA intermediates 
might occur. Transcription of the virulence region of the Ti 
jlasmid, essential for tumour induction, is induced specifically 
vithin a few hours of co-cultivation of Agrobacterium with 
nerating plant cell protoplasts (ref. 19 and S. Stachel and 
ester, in preparation). As co-cultivation is an efficient and 
eliable method for isolating plant cells transformed with 
it was used in the experiments 


Ti plasmid pTiCos7. To produce tandem T-DNA arrays or 
-DNA circular structures, there must be an earlier joining 
etween the ends of the T-DNA. Following in vitro packaging 
of such substrates, a circular cosmid will be formed (Fig. 1b). 
ssuming that the T-DNA ends are joined very close to the 
p terminus sequence which defines the limits of the T-DNA, 
size of the expected restriction fragments spanning such a 
tion can be predicted (Fig. Ic). 

Agrobacteria containing pTiCos7 and plant cells were co- 
ultivated and DNA was prepared from either Agrobacterium- 
nriched or plant cell-enriched material; these DNAs were used 
is. substrate for the A in vitro packaging reaction (Table 1). 
gnificant numbers of cosmids are obtained only after co- 
sultivation; furthermore, the number of cosmids detected 
reases with the length of time of co-cultivation (Table 1). 
acteria cultured in the same conditions without protoplasts 
re" ‘x produced significant numbers of cosmid clones (data not 

wn). 

To determine whether the packageable structures are formed 
agrobacteria or plant cells, the amount of each type of DNA 
ach sample was estimated by the intensity of dot-blot 
ybridization to bacterial or plant DNA probes. The amount of 
erial DNA is approximately constant, whereas the plant 
concentration varies. Higher numbers of cosmid clones 
re obtained with DNA from the bacterium-enriched fractions, 
nd-there are lower numbers of clones obtained with plant- 
intiched fraction DNA even when the bacterial DNA content 
is high. Agrobacteria closely associated with plant cells may 
-contain modified DNA which is no longer an efficient substrate 
for in vitro packaging, or the T-DNA has been transferred 
_ already to the plant genome. The lower number of clones cannot 
be explained by an inhibition of in vitro packaging by plant 
D itself (see below). 
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Fig. 1 Restriction map of the T-region of the Ti plasmid pTiCos7 
and the rescued cosmid pCosin-!. a, Restriction map of the T- 
region of the Ti plasmid pTiCos7. Vertical lines, positions of the 
restriction enzyme sites; numbers, size (kb) of the different HindIII 
fragments; numbers in parentheses, HindIII fragments of the C58 
nopaline Ti plasmid”. The position of the cos sequence is indi- 
cated, as well as its polarity (arrow) of function for packaging?’ 
in the T-region. Diagonal lines, location of the cosmid p3030 in 
this region; broken vertical lines, limits of the cosmid; jagged lines, 
T-region ends. The Tn7 (ref. 40) is located within a 0.7-kb 
EcoRI/ Smal fragment, delineated by broken vertical lines. The 
restriction map of Tn7 (ref. 41) is shown separately above; the 
numbers give the fragment sizes (kb). b, T-regions of pTiCos7 and 
one of the rescued cosmids pCosin-!. Wavy line, p3030; @, pBR 
replication origin; Amp, ampicillin resistance; Spc, spectinomycin 
and streptomycin resistance; Tp, trimethoprim resistance; jagged 
lines, T-DNA border, The internal portions of HindIII fragments 
10 or 23 ending just at the T-DNA borders are shown as stippled 
or black regions, respectively. c, Enlarged restriction map of the 
region of pCosin-1! formed by joining the T-DNA borders. All 
vertical lines, positions of the restriction enzyme sites ; jagged lines, 
T-DNA borders; hatching, cosmid p3030; broken vertical lines, 
limits of p3030; numbers, size (kb) from the nearest restriction site 
up to the T-DNA border; numbers in parentheses, predicted sizes 
of the restriction fragments spanning the joint borders. 

Methods: Cosmid p3030 (a derivative of the cosmid pHC79 (ref. 
42) containing the EcoRI-D fragment of the yeast 2» plasmid 
inserted into its EcoRI site and a BamHI fragment of the yeast 
his3 gene in one of its BglII sites (B.H., unpublished data)) was 
inserted into the Ti plasmid pGV3132 by the reversed genetics 
method“. First, the cosmid was inserted into one of the BamHI 
sites of the EcoRI fragment | (ref. 39) of pGV1200 (E. Van Haute, 
unpublished data). The structure of the resultant intermediate- 
vector plasmid p3030-34 was verified by restriction analysis. The 
p3030-34 was mobilized to: Agrobacterium containing the mutant 
Ti plasmid pGV3132 (ref. 16), a derivative of the transfer-constitu- 
tive nopaline Ti plasmid C58 carrying the transposon Tn 7 inserted 
in HindItl fragment 19. To select the carbenicillin-resistant and 
kanamycin-sensitive double recombinants exchanging the wild- 
type Ti sequence of pGV3132 by the modified Ti sequence of the 
p3030-34, two subsequent conjugations were performed to 
Agrobacterium strains cured of Ti plasmid, first to GV3101 (Rif®) 
and then to GV3105 (Ery®Cm®) (ref. 16). The exconjugants are 
also resistant to spectinomycin, streptomycin and trimethoprim 
because of the Tn 7. The T-region structure of the double recom- 
binants was verified by restriction enzyme analysis and Southern 

blot hybridization. 












Table 1 


Induction of T-DNA intermediates as a function of time of 
co-cultivation 








Table 2 Determination of packaging efficiency in the presence of plant 








Amount of 
Time of Type of respective No. of Normalized 
co-culti- DNA DNA in clones no. of 
vation in the reaction mix obtained by clones per 
th) mixture (ng) packaging pe DNA 
a, Bacterium-enriched fraction 
0 Total 1,010-1,020 i 
Bacterial _ 1,000 
24 Total 1,050 662 630 
Bacterial 1,000 662 
48 Total 750-800 2,970 3,712 
Bacterial 700 4,242 
b, Plant-enriched fraction 
0 Total 1,200-1,300 1 
Bacterial 1,000 
24 Total 2,000 62 31 
Bacterial 1,000 62 
» 48 Total 1,300 559 430 
“Bacterial 1,000 559 





Protoplasts isolated from shoot cultures of Nicotiana tabacum SRI 
(ref. 29) as described previously*’*! were washed?” and cultured in 
liquid K3 medium” at a density of 10° protoplasts mi! (50 ml in 
14-cm-diameter Petri dishes). The cultures (at 28 °C) were grown in the 
dark for 2 days and thereafter in the light (500-1,000 lux). Three days 
later, cultures were infected and incubated further for different time 
periods. Bacteria were grown overnight in liquid TY medium (5 g17' 
bactotryptone, 3 g 17’ yeast extract) at 28 °C with shaking, Cells in early 
log. phase (about 2x 108 ml™') were collected by centrifugation and 
concentrated 10 or 100 times, respectively, in TY medium. Protoplasts 
were infected with Agrobacterium for times (t) of 0, 24 and 48 h. To 
the samples t = 24 and t = 48, bacteria (10 x concentrated) were added 
at a multiplicity of 500 per protoplast, whereas 10 times more bacteria 
(100 x concentrated) were added to the t= 0 sample to compensate for 
bacterial growth during co-cultivation. At ¢=0, collecting was immedi- 
ately after mixing. Two different methods were used to prepare either 
bacterium-enriched (a) or plant-enriched (b) fractions. In the former, 
three volumes of 0.16 M CaCl, were added and plant cells pelleted by 
centrifugation for 10min at 800r.p.m. Bacteria from the supernatant 
were collected by filtration onto a Nalgene filter (pore size 0.45 um). 
In the latter, an equal volume of 10 mM MgSO, was added and the 
mixture was centrifuged for 30 min at 18,000 r.p.m.. This pellet contains 
plant cells as well as attached bacteria, as the sucrose osmoticum of 
plant culture medium prevents the collection of free bacteria by centrifu- 
gation. Total DNA was prepared from both fractions as described by 
Dhaese et al**, From each sample, 5-20 ug total DNA was recovered 
and I pg DNA was used for in vitro packaging. The relative amounts 
of bacterial or plant DNA in each preparation were estimated sub- 
sequently by comparing the intensity of dot-biots hybridized with plant- 
specific probe (isolated fragments of dispersed N. tabacum repetitive 
DNA from the clone E10 (ref. 35) provided by M. Saul) or Agrobac- 
terium-specific probe (total DNA of agrobacteria containing the 
pTiCos7) to dot-blots.of a dilution series of known quantities of tobacco 
and agrobacterilum DNA. The DNA was spotted onto nitrocellulose 
filters as described previously*®. 


One of the rescued cosmids, pCosin-1, 47 kb in length and 
with one cos site, was used to assay the packaging efficiency in 
the presence of different concentrations of bacterial and plant 
DNAs (Tabie 2). Electron microscopy demonstrates that all the 
pCosin-! DNA molecules (prepared from recA~ HB101 cells?!) 
are monomeric (data not shown). The concentration of pCosin-| 
DNA was chosen to produce a number of transductants close 
to that detected by packaging of the samples derived from 
co-cultivation experiments. Thus, 0.5 ng cosmid DNA was pack- 
aged in the presence of a constant amount of agrobacterial DNA 
(1 pg) and increasing amounts of plant DNA (0-1 pg) isolated 
from 5-day-old regenerating tobacco protoplasts. The concentra- 
tion of plant DNA used might inhibit packaging only two- to 
fourfold, no more than the natural variation of the method 
(Table 2). 

We obtain high efficiencies of packaging even with 47-kb 
monomeric circular substrates; pCosin-| is packaged with 3- 
20%: efficiency of that obtained with standard AcIts857Sam7 


DNA 
Amount of DNA (ng) added to No. of Packaging: 
the packaging reaction clones efficiency’ 
pCosin-!  Agrobacterial Plant obtained per pe 
0.5 0 0 1,640 3.3« 108 
0.5 1,000 0 2,250 45X10 
0.5 1,000 50 3,590 7.210% 
0.5 1,000 100 2,520 5.0x10° 
0.5 1,000 300 1,700 3.4 x10% 
0.5 1,000 1,000 840 1.7x10ë 


Average efficiency 4.2 x 10° 





The preparation of A in vitro packaging extracts, in vitro packaging 
reactions and transduction techniques are essentially those described 
by Arber ef al”. About | wg of total DNA in maximum of 2 yl T 
(10mM Tris-HCl, pH 7.5, 1 mM EDTA) was packaged in a reacti 
volume of 25 wl. After adsorption to the recA* indicator bacteria W3110 
‘ref. 38) for 20min at 37°C, LB medium was added to dilute t 
packaging sample 10-fold. The mixture was incubated for an additional 
30 min at 37 °C to allow expression of the ampicillin resistance and then 
plated using top agar onto LB plates containing ampicillin (50 pp ml” 
For all experiments presented, the same packaging extracts were use 
so that the efficiencies are comparable. An efficiency of 1.5 x10" plaque 
forming units per pg was obtained with AcIts857Sam7 DNA with t 
extracts used here. 





DNA, agreeing with previous studies showing that circular À 
monomers are as efficient as linear à molecules using partialh 
purified in vitro packaging extracts”. We suggest that the iso- 
lated T-DNA intermediate structures are circular monomers 
vivo; however, we cannot exclude the possibility that a fractio 
of DNA is in multimeric circular or tandem T-DNA cop: 
which are also substrates for in vitro packaging. 

We conclude that there is an increase in the number í 
packageable structures with time of co-cultivation, an indicatio 
for T-DNA intermediates which are probably formed. 1 
agrobacteria before transfer to the plant cell. They begin | 
accumulate before 24h of co-cultivation, and at least some of 
them are circular monomeric T-DNA molecules. 


Characterization of cosmid clones 


All these clones grow in antibiotics selective for Tn7 (spe 
tinomycin and trimethoprim) and cosmid p3030 (ampicillin) 3 
therefore these resistance genes are present. The restriction 
enzyme patterns of four clones were analysed both directly and 
after hybridization to probes specific for internal T-DNA 
sequences or sequences homologous to the T-DNA ends. These 
clones (pCosin-1, -2, -3, -4), derived from independent packag- 
ing reactions from two independent co-cultivation experiments, 
were identical (for example, see Fig. 2a,c). Restriction analyses 
showed also the presence of the 10.3-kb BamHI fragment. of 
cosmid p3030, the 2.8- and 2.1-kb internal HindIII fragments 
of Tn7, as well as fragments corresponding to the sizes expected . 
for the hybrid fragments of both T-DNA and Tn7 or the cosmid 
(data not shown). Fragments corresponding to the expecte 
sizes for the T-DNA borders Hind}HI-23 or Hindill-10, 
however, were not detected. Thus, the rescued cosmid clon 
are colinear with the T-DNA region of pTiCos7; only the T-DN. 
border fragments have changed. The restriction enzyme analys 
indicates that the size of the cosmid clone is 47 kb, the e 
size predicted for clones derived from joining at the T-D 
ends (Fig. 1b). 

To investigate this joining, pCosin-1 was digested with 
Hindli] and BamHI and the separated fragments hybridized : 
to HindIII fragments 23 or 10, which span the right and left 
borders of T-DNA. Instead of two Ti plasmid fragments corre- 
sponding to the left and right ends, we found only a single 
fragment in each digest which hybridizes with both probes (Fig. © 
2b); these results were confirmed by BglII, Sall, Kpni and Pst}; 
digests (data not shown). We conclude that the T-DNA ends- 
are joined; the sizes of the joint bands are precisely. those- 
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Fig.2 Southern blot hybridization analysis of pCosin-!. a, 
‘Hybridization pattern of the cosmid pCosin-1 digested with the 
‘restriction endonuclease EcoRI and hybridized to a probe prepared 
from fragments covering the whole T-DNA region and pBR322. 
‘Numbers refer to the restriction map in.c; numbers in parentheses 
give sizes of the different fragments (kb). b, Hybridization pattern 
of the cosmid pCosin-! digested with either HindiH or BamHI 
“and hybridized to radioactive HindIII fragments 10 or 23 of the 
““pTiC58. Clones pGV0369 and pGV0422 (containing Hindli frag- 
“ments 10 and 23, respectively), are cloned in pBR322 (ref. 45) and 
“digested with HindIII]. Numbers refer to the size (kb) of the 
“fragments. c, EcoRI restriction map of pCosin-1 with the Tn7 
drawn in the T-region. Vertical lines, position of EcoRI restriction 
sites; left-hand hatching, Tn7 ; right-hand hatching, p3030; broken 
“~Wertical lines, position of its insertion; jagged lines, T-DNA bor- 
«ders. Numbers refer to the numbers of fragments in a. A and B, 
fragments not visible in a as the probe used has too little homology 
to these fragments. 


predicted if the T-DNA ends were joined close to the 25-bp 
repeat (Fig. Ic). 

» We performed further tests to determine whether the clones 
are representative of the numerous clones detected (Table 1). 
‘All of the 100 randomly-chosen cosmid clones were resistant 
to. spectinomycin and trimethoprim, 85 of these colonies 
hybridizing to DNA from both the right or left T-DNA borders. 
fosmid. ‘clones derived from control samples (zero time of 
co-cultivation or bacteria cultured without protoplasts) hybrid- 
ize'to only one of the two borders. These latter clones, as well 
as a proportion of those detected in the co-cultivation experi- 
ment, probably arise from packaging starting at the cos site 
internal to the T-DNA of pTiCos7. As A packaging is polar?***, 
yackaging starting from the cos site as oriented in the T-DNA 
region of Ti plasmid pTiCos7 (see Fig. 1a) would proceed 
leftwards.to give packaged DNA carrying ampicillin resistance 
-andthe pBR replication origin of p3030, as well as Tn 7 resistance 
markers. Other clones could arise also from the packaging of 
-ircular molecules carrying the above markers derived from 
low-frequency recombination events in the Ti plasmid; the 
-efficiency of the A- packaging reaction would allow the detection 
of such rare events. 


Concentration of T-DNA intermediates 


Assuming the Ti plasmid (200 kb) is 2.6% of Agrobacterium 
DNA (7.6 x 10° kb) and the T-DNA of pTiCos7 is 25% of the 
Ti plasmid, | ug bacterial DNA is equivalent to 6.5 ng T-DNA. 
Assuming one packageable T-DNA copy per cell and a packag- 
ing efficiency of 4.2 x 10° cosmids ug `` (Table 2), 6.5 ng should 
“produce 2.7x10* cosmid clones. After 48h, the bacterium- 
enriched fraction DNA produced 4,200 cosmid clones yg ', 
~-eorresponding to one packageable copy of T-DNA in 15% of 
the cells; for plant-enriched fraction DNA this estimate would 

be 2%. These calculations provide an estimate of the relative 













































Fig.3 Restriction map of the T-region of pGV3850 and the trans- 
formant pPin-1. a, Restriction map of the T-region of the Ti plasmid 
pGV3850 (non-oncogenic derivative of nopaline Ti plasmid C58) 
where the internal T-DNA genes are deleted and replaced with 
the cloning vehicle pBR322 (ref. 4). Vertical lines, restriction 
enzyme sites: numbers, size (kb) of the different HindIII frag- 
ments: numbers in parentheses, HindIII fragments of the C58 
nopaline Ti plasmid”; hatching, pBR322 in the T-region: broken 
vertical lines, its limits: jagged lines, T-DNA borders. b, T-region 
of pGV3850 and of one transformant, pPin-1. Wavy line, pBR322; 
@, pBR replication origin; Amp, ampicillin resistance; jagged lines, 
T-DNA borders; vertical lines, positions of restriction enzyme sites. 
The internal portions of HindHI fragments 10 or 23 ending just 
at the T-DNA borders are visualized as stippled or black regions, 
respectively. Abbreviations: H, HindlIl; B, BamHI; E, EcoRI: 
K, KpnI. Plasmid pPin-! was obtained following transformation 
of competent cells of E. coli strain MC1061 (ref. 46) with DNA 
prepared from Agrobacterium carrying pGV3850 co-cultivated in 
the presence of plant cells, with conditions described in ref. 47). 


concentration of T-DNA intermediates based on the detection 
of circular monomeric T-DNAs. 


Plasmid rescue of T-DNA intermediates 


The T-DNA intermediate is either a linear tandem array, or a 
multimeric or monomeric circle, as all such structures would be 
packaged efficiently in vitro by A extracts. We therefore assayed 
specifically for circular T-DNAs using the standard technique 
of DNA transformation. (Circular DNA is much more efficient 
than linear DNA when transforming E. coli”) As the transfor- 
mation efficiency decreases drastically with increasing size of 
the transforming DNA”, we used agrobacteria containing Ti 
plasmid pGV3850, which has a short T-DNA region with 
pBR322 sequences replacing the internal portion of the T-DNA 
(Fig. 3; ref. 4). Thus, we predict T-DNA circles to be 9.6 kb, 
allowing detection after transformation of competent E. coli 
cells. Such transformants would be ampicillin-resistant because 
of the pBR portion of the pGV3850 T-DNA. 

Agrobacteria containing the Ti plasmid pGV3850 were co- 
cultivated with regenerating protoplasts for 48 h and total bac- 
terial DNA prepared. Ampicillin-resistant transformants were 
detected following direct DNA transformation, without restric- 
tion endonuclease treatment or DNA ligation. These clones 
contain exactly the structure predicted for a joining between 
the ends of the T-DNA (Fig. 3). This demonstrates that some 
of the intermediates in the transfer process exist as T-DNA 
circles. Control experiments using DNA prepared from agrobac- 
teria containing pGV3850 alone (without co-cultivation) never 
produced clones of circular T-DNAs. 

To estimate directly the frequency of such circular T-DNA 
intermediates relative to the T-DNA in the original Ti plasmid 
population, the DNA prepared from co-cultivated Agrobac- 
terium was used to compare the transformation efficiency of 
this DNA used directly (that is, without enzymatic cutting or 
ligation) with the efficiency of the same DNA digested with 
Kpni (Fig. 3) and ligated before transformation. The latter 
reaction also produces circles of 9.6 kb from the original Ti 
plasmid, as a single KpnI fragment within the T-DNA of 
pGV3850 carries the whole inserted pBR322 and some flanking 
sequences (Fig. 3). The number of clones obtained from the 
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Fig.4 Diagram of the 25-bp left terminus, right terminus and the 
junction sequence. The terminus and junction sequences are shown 
in the boxes. The nucleotide sequences from the adjacent regions 
of the nopaline Ti plasmid (C58 or T37} are given also. LTS, left 
terminus sequence; RTS, right terminus sequence; regions of vari- 
ation between the left and the right terminus sequence are desig- 
nated by stippled (LTS) or hatched (RTS) areas, In the junction 
sequence the regions homologous to the LTS or RTS are also 
stippled or hatched. 

Methods: The HindIll fragments of three independent cosmid 
rescuants, pCosin-I, -2. and -3, spanning the joint borders were 
subcloned first in pUC8 (ref 48). A small Sactl/ EcoRI fragment 
(rendered blunt at the SacII end) spanning the junction of the left 
and right T-DNA borders from all three clones was further sub- 
cloned into both the mp8 and mp9 M13 vectors*’, which were first 
cut by Hincll and then by EcoRI. The nucleotide sequence was 
determined by the dideoxy-chain termination method®°’. Both 
orientations of two subclones were sequenced, whereas in the third 
only one orientation was determined, as the sequence at the border 
junction could be read without ambiguity. The junction clone from 
the transformed pPin-1 derived from Agrobacterium carrying 
pGV3850 was sequenced by the method of Maxam and Gilbert*'. 
pPin-{ was cut with EcoRI, kinased with radioactive **P then 
digested with BamHI. The EcoRI/ BamHI fragment spanning the 
junction was isolated from an agarose gel and used directly for 

sequence analysis. 


direct DNA transformation was 10% of those obtained after 
cutting and ligation. The former clones are T-DNA circles 
formed in vivo by specific interaction between the T-DNA ends 
and the latter are circles formed in vitro. As the size of the in 
vivo- and in vitro-formed circles is exactly the same, their 
efficiency of transformation should be comparable directly. 
Because the cutting and ligation reactions do not occur at 100% 
efficiency, this comparison gives only an upper estimate of the 
proportion of T-DNA circles relative to the intact Ti plasmid 
in vivo. Nevertheless, these data are in the same range of the 
estimates calculated from our A-packaging experiments. 


Junction sequence of circle intermediate 


As the observed intermediates have arisen through a joining 
close to the T-DNA ends, we sought to determine both the 
nucleotide sequence at the junction site and whether the junction 
is the same in different isolates of intermediate structures. Four 
independent junctions were sequenced, three isolated from cos- 
mid clones and one from the pBR transformants; all were 
identical (Fig. 4). The junction occurs precisely in the 25-bp 
direct repeat normally found at the ends of the T-DNA region 
of the Ti plasmid. Furthermore, as there is nucleotide sequence 
variation between the left and right copies of the 25-bp sequence, 
the junction may be a hybrid of these copies. The 25-bp length 
of the sequence seems accurate as it is derived from comparison 
with four other terminus sequences from the octopine Ti plas- 
mid?’**, If it were only 22 bp starting after the TGA of the right 
copy (or TGG of the left copy), however, then the junction 
sequence would be derived entirely from the left copy. Mutation 
analysis of the sequences in and around the 25 bp will define 
its limits. Nevertheless, formation of the junction must have 
occurred by an interaction such as site-specific recombination 
in the 12 bp between bases 4 and 15 of the right and left copies 
of the 25-bp sequences. 


Discussion 


The sensitivity of A cloning techniques used here allows the 
induction of T-DNA intermediates to be measured; the DNA 
transformation method not only confirms their presence but also 
‘Suggests a probable structure, originating from circularization 





of T-DNA during induction of its transfer. Such circles ‘could 
produce tandem T-DNA arrays or multimeric circular structures 
suitable for the A-packaging reaction. Monomeric (or dimeric) 
T-DNA circles derived from pGV3850 T-DNA containing 
pBR322 are the only possible DNAs which can be recovered 
by E. coli transformation to ampicillin resistance. 

We believe that the T-DNA structures isolated here are inter- 
mediates in the transfer process because they occur in agrobac- 
teria only during co-cultivation in the presence of plant cel 
under conditions where T-DNA transfer occurs; the concentr 
tion of these intermediates increases with time of co-cultivatio 
Also, the circular intermediate junction site occurs preci; 
within the 25-bp terminus sequence essential for T-DNA tra 
fer. It will be interesting to determine whether the junction 
sequence per se is important for transport and/or integration 
of the T-DNA. RRT 

T-DNA circles may explain also the polar activity of the 25-bp 
sequence; reversing the direction of the right copy of this 
sequence reduces severely T-DNA transfer. Thus, T-DNA 
circles could arise by site-specific recombination in the 2 
terminus sequence at the right and left ends of the T-DNA 
such recombination requires a correct orientation (polarit 
the 25-bp sequences. ; 

Whether or not the observed structures represent the maj 
T-DNA intermediate or even if they are only a by-prodüct of 
the transfer reaction, they must be accounted for in any mod 
of the mechanism of T-DNA transfer. Either the T-DNA circel 
themselves are transferred, or they serve as an intermediate 
the generation of another molecule, for example by serving as 
a template to produce tandem T-DNA copies by rolling-circle 
replication in which T-DNA could be transferred as a linear 
molecule. Future experiments may distinguish between th 
alternatives. 
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SMALL RNAs have been implicated in translational control, 
but rarely has the RNA been well characterized and the 
phenomenon well authenticated. Progress has been hampered 
by the low abundance of these putative regulatory species in 
the cell and by their resistance to existing techniques of genetic 
“analysis. Such obstacles do not exist, however, for the ‘virus- 
associated’ RNAs of adenovirus, VA-RNA; and VA-RNAg (refs 
1-3). These RNAs, about 160 nucleotides long, are transcribed 
from closely spaced genes located near position 30 on the viral 
genome’. Both are detectable from. early times of infection, 
‘but the rate of VA-RNA, synthesis increases rapidly in the late 
“phase so that this species becomes a dominant RNA in the 
cytoplasm of adenovirus-infected cells®. The VA-RNAs are cap- 
able-of extensive intramolecular base pairing’, and they also 
anneal with viral messenger RNA (ref. 9). A small proportion 
of the VA-RNA molecules in the cell occurs in ribonucleoprotein 
particles in combination with the La antigen'®'', a cellular 
_ protein binding to short runs of 3'-terminal U residues'*"*. Like 
“gany La-reactive RNAs, the VA-RNAs are synthesized by RNA 
- polymerase HI (refs 6, 14, 15). 
~co Involvement of these small RNAs in protein synthesis was 
first suggested by studies with mutant viruses such as adenovirus- 
§ (Ad-5) d1331. This virus fails to generate VA-RNA, and 
proceeds normally through the early phase of the infectious 
‘cycle but is defective in production of late proteins'®. The late 
“viral mRNAs are present and normal in structure and can be 
translated in vitro, but are not translated efficiently in vivo. 
‘Another mutant virus, producing VA-RNA, normally but failing 
to make VA-RNA),,, does not show the translational deficiency’®. 
Similarly, in a transient expression assay, the synthesis of viral 
proteins was stimulated markedly when their genes were co- 
transfected into human cells with the VA- a gene, whereas 
he VA- RNA, gene was much less effective” 


These data suggest a new function for RNA as a positive 
effector in translational control, but do not establish whether 
the translational action of VA-RNA, is general or limited to 
viral mRNAs. To answer this question and to establish the 
mechanism of the translational effect, we developed a cell-free 
protein-synthesizing system from HeLa cells infected with the 
d1331 mutant. 


Protein synthesis defect in vitro 


Suspension cultures of HeLa cells were infected with either 
the mutant virus d1331 (producing no VA-RNA,) or wild-type 
adenovirus-2 (Ad-2) virus, or were mock-infected; extracts were 
prepared in the late phase, 24h later. Proteins were synthesized 
by the d1331 extract at only 1-5% of the level obtained with 
wild-type or mock-infected extracts (Fig. 1A). The overall pat- 
tern and extent of synthesis was similar to that found after 
labelling of corresponding cultures in vivo (Fig. 1C), although 
a bias towards synthesis of larger proteins was evident in the 
cell-free products, presumably because much of the incorpor- 
ation represents runoff synthesis (the completion of polypeptide 
chains started in vivo). Sensitivity to edeine, a specific inhibitor 
al. polypeptide chain initiation, showed that incorporation was 

275% dependent on de novo initiation in the d1331 system 
(Fig. 1B) and ~50% dependent in the mock and Ad-2 systems 
(data not shown). The low level of protein synthesis, coupled 
with the lack of polysomes in the d1331 extract (data not shown) 
and its dependence on reinitiation, provides circumstantial 
evidence for a defect in polypeptide chain initiation (see below 
and ref. 18). 

Addition of polyadenylated RNA from Ad-2 infected cells to 
the di331 extract increased incorporation slightly (Fig..1B) but 
did not raise translational activity to a level comparable with 
the other extracts. Small amounts of Ad-2 hexon were synthe- 
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Fig. 1 Translational defect reproduced in vitro. A, Proteins syn- 
thesized in vitro by extracts of: a, mock-infected; b, wild-type 
Ad-2 infected; c, mutant d1331 infected HeLa cells. B, Translation 
products synthesized in a d1331 extract (a), supplemented with: 
b, 104M edeine; c, 0.1 pg oligo(dT)-selected mRNA from Ad-2 
infected HeLa cells” with 2 pg carrier tRNA; d, e, 3.7 and 30 pg 
cytoplasmic RNA from Ad-2 infected cells; f, 0.75 pg poly(A)” 
RNA from Ad-2-infected cells; g-i, 0.1, 0.3 and 1 pg purified 
VA-RNA (ref. 4): j, | pg calf liver tRNA (Boehringer Mannheim). 
C, Proteins synthesized in vivo by: a, mock-infected; b, Ad-2 
infected: c, d1331-infected HeLa cells. At 24h post- -infection, cul- 
tures similar to those in A were labelled with *°S-methionine for 
2h. Cells were collected and solubilized in gel sample buffer. The 
positions of size markers are shown (relative molecular mass x 
107”). 

Methods, Extracts for protein synthesis were prepared from HeLa 
cells in suspension culture at 5 x 10° mI7!. Cells were infected with 
virus at a multiplicity of 5 plaque-forming units per cell, and 
collected 24 h later. The cells were washed at 4°C with phosphate- 
buffered saline (lacking Ca?* and Mg**) containing 2 mg mI"! 
glucose, suspended in two packed-cell volumes of 10 mM HEPES, 
pH 7.5, 10mM KCI, | mM dithiothreitol (DTT), allowed to swell 
for 10 min and disrupted in a Dounce B homogenizer. After cen- 
trifugation for 10 min at 4,000g and 15 min at 13,000g, the super- 
natants were stored in aliquots in liquid N,. Before use in transla- 
tion, extracts were thawed and clarified by centrifugation for 10s 
at 10,000g. Standard reactions contained, in a volume of 25 pl: 
6.25 pl HeLa cell extract supplemented with 15mM HEPES 
pH7.2, 100mM KCI, 1.5mM MgCl,, 100 uM spermidine, | mM 
ATP, 20 uM GTP, 10 mM creatine phosphate, 50 yug ml”! creatine 
kinase (Sigma), 1 mM DTT, 50 uM each L-amino acid (methionine 
omitted), and 20 pCi *°S-methionine (NEN). After incubation for 
Th at 30°C, S-ul samples were taken for gel analysis and protein 
synthesis measurement. For gel electrophoresis, the samples were 
digested with R Nase and proteins resolvedina 15% SDS-polyacryl- 
amide gel’? were ‘visualized by fluorography”. For quantitation 
of **S-methionine incorporation, the samples were spotted on 
3MM paper and the boiling trichloroacetic acid-stable radioactivity 
was determined in a scintillation counter. Further details will be 

reported elsewhere (P.A.R. and M.B.M., in preparation). 


Sized, migrating fractionally more slowly than its Ad-5 counter- 
part encoded by endogenous d1331 mRNA. In contrast to mock 
and Ad-2 infected extracts, the d1331 system was still unable 
to translate added Ad-2 mRNA efficiently after treatment with 
micrococcal nuclease to remove endogenous mRNA (Fig. 3). 
We conclude that the translational defect is not caused by lack 
of active mRNA or blockage of the ribosomes by defective 
mRNA. 


VA-RNA does not act directly 


Unfractionated late Ad-2 RNA and its poly(A)” fraction failed 
to stimulate translation significantly in the d1331 system (Fig. 
=, 2B). As both preparations should contain VA-RNA,, it seemed 

„that VA-RNA might not be able to correct the defect in the 





l maes TA 


„extract when it was supplemented with either mock- or Ad-2 






























A 8 
Retic Het. a 
pe 


i 


> +RNA 
y textroct 





© 


icom)x i073 


incorporation 





Reticuiocyte froction (je! equivs } 


Fig. 2 Restoration of translational ability by extracts of 
reticulocytes and HeLa cells. Reactions containing micrococcal 
nuclease-treated extract from reticulocytes*** (A) or uninfected 
HeLa cells (B) were programmed with: a, d, no mRNA; b, œ RNA. 
from 1 pl d1331 extract (1.3 pg); e, f, i wl non-deproteinized d1331 
extract. C, Reactions containing 6.25 ul di331 extract were supple: 
mented with an equal volume of: a, d1331 extract; b, buffer; c-f, 
micrococcal nuclease-treated reticulocyte lysate, post-ribosomal 
supernatant (S100), ribosomes and a mixture of $100 and ribos. 

somes; g-j, similar fractions from micrococcal nuclease-treated 
HeLa cell extract. D, The S100 (@), ribosomes (©), ribosome 
salt-wash (V) and ribosomal subunit (A) fractions?! from micro- 
coccal nuclease-treated reticulocyte lysate were titrated into incu- 

bations containing the d1331 extract as in C. MH, Addition of 
extra 6.25 pl d1331 extract. 


di331 system. Accordingly, VA-RNA was purified from Ad-2- 
infected cells by gel electrophoresis as a mixture of the tw 
species. It did not affect translation in the reticulocyte lysate a! 
in mock or Ad-2 infected HeLa systems, demonstrating that i 
was free of inhibitory contaminants. Addition of purified VA 
RNA to the d1331 system again failed to stimulate incorporation . 
by more than 50% (Fig. 1B). No effect occurred over a concen- ‘ 
tration range from ~20 times less to 20 times greater than that- 
found in the Ad-2 extract. Added VA-RNA also failed to increase 
translation of d1331 RNA in a micrococcal nuclease- treated 
HeLa or reticulocyte system (data not shown). 

Furthermore, translational activity was not restored toa d133 


infected cell extracts. On the contrary, the d1331 extract invari- 
ably depressed protein synthesis below the amount expected for. 
the mock or Ad-2 extract alone (data not shown), implying tha 
an inhibitor of protein synthesis accumulates in adenovirus- 
infected cells in the absence of VA-RNA,. These results suggest 
an indirect effect of VA-RNA on translation, possibly. in the 
modulation of the cytoplasmic level of the La antigen. Immuno- 
fluorescence demonstrates that this protein is in the nuclei of 
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Fig. 3 elF-2 allows many mRNAs to be translated in the d1331 
system, A, HeLa RNA (10 pg) was translated in micrococcal 
nuclease-treated extracts of d1331 (a-d) or Ad-2 (e) infected cells. 
The d133! incubations were supplemented with 6.25 yl reticulocyte 
$100 (c) or l wg elF-2 (d). RNA was omitted from a. Reactions 
containing d1331 extract alone (B) or supplemented with | ug 
. eIF-2 (C) were primed with: fg, hybridization-selected*® 
adenovirus RNA from early region E2 and late regions L3 and 
LA; h, i, unselected early” and late? adenovirus RNA; j, satellite 
tobacco necrosis virus RNA; k, rabbit globin mRNA; |, brome 
mosaic virus RNA; m, Escherichia coli ribosomal RNA. 

























uninfected HeLa cells but moves into the cytoplasm late in 
adenovirus infection, possibly under the influence of VA-RNA 
A.M. Francoeur and M.B.M., unpublished data). To determine 
whether the d1331-infected cell extract contained decreased 
concentrations of this protein, samples of the cell-free systems 
were transferred to nitrocellulose and probed with anti-La anti- 
body using the immunoblotting technique!''’. No significant 
ifferences in La antigen levels were observed (data not shown). 
‘Thus we have been unable to detect an effect of either VA-RNA 
the La antigen on protein synthesis in vitro. 





A stimulatory factor from reticulocytes 


As expected from earlier results'®, deproteinized RNA from the 
1331 extract was almost as active as RNA isolated from the 
\d-2° system in programming translation in the rabbit 
eticulocyte lysate system (data not shown). Significantly, we 
nd that the viral mRNA was also translated when non- 
leproteinized d1331 extract was added to the reticulocyte system 
g 2A). Similar results were obtained using micrococcal 
uclease-treated extracts of uninfected HeLa cells as the assay 
tem, although with lower efficiency (Fig. 2B), indicating that 
the viral mRNA is present and intact in the d1331 extract and 
that it is not irreversibly sequestered or blocked. 
o This finding strongly suggests that translational activity might 
be restored to the d1331 system by the addition of components 
from either the reticulocyte lysate or HeLa cell extract. The 
HeLa extract indeed increased translation in the d1331 system; 
most of the stimulatory activity sedimented with the ribosomes 
but the maximal effect was only a two- to three-fold increase 
Fig..2C). The reticulocyte lysate, however, caused a marked 
timulation of protein synthesis, restoring a large fraction of the 
anslational potential of the endogenous mRNA. In this case, 
lost of the activity was present in the post-ribosomal super- 
atant fraction (S100; Fig. 2C, D). A smaller portion (10-20% ) 
of the stimulatory activity occurred in the ribosomes, it was 
liberated in the high-salt wash fraction and absent from the 
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Table 1 el F-2 restores translation to d1331 extracts 
Incorporation (c.p.m. x 1077) 
Expt! Expt 2 
Factor 2pl 6.25 pl O25 ipl 
None 5.1 4.0 
Extra d1331 extract (6.25 yd) 9.9 6.6 
Reticulocyte S100 (6.25 yl) ND 100.6 
Initiation factors: 
elF-2 96.4 90.0 34.0 67.5 
elF-3 6.3 $.2 4.2 4.1 
elF-4A 5.9 4.4 4.5 3.9 
elF-4B ND ND 5.1 6.2 
elF-4C S.A 27 ND ND 
elF-4D 9.7 11.4 ND ND 
eLF-4F 5.7 5.5 5.2 4.2 
Elongation factors: 
EF-I ND ND 7.9 9.0 
EF-2 6.4 6.0 6.8 4.0 





Assays contained 6.25 ul d1331 extract with the purified factor indi- 
cated*'. The factors eIF-2 to EF-1 were at the following concentrations, 
in the order listed: 1, 0.2, 0.8, 3, 0.5, 0.8, 0.7, 5 mg ml™' and EF-2 was 
at 5.8 and 2.2 mg ml“! in expts | and 2, respectively. ND, not determined. 





Table 2 Specific initiation block in d1331 system 





Incorporation (c.p.m. x 1077) 


Factor added d1331 Mock Ad-2 
None 6.1 100.0 164.0 
elF-2 (2 pg) 82.2 85.2 144.9 
el F-2 (4 ug) 86.9 74.1 128.6 
$100 100.5 105.9 198.4 
$100+ ef F-2 (2 wg) 121.4 ND ND 





Reactions contained 6.25 ul HeLa cell extract and of reticulocyte 
post-ribosomal supernatant (S100) as indicated. 


ribosomal subunits after dissociation by salt treatment (Fig. 2D). 
Such behaviour is characteristic of protein synthesis initiation 
factors and led us to test purified factors in the d1331 extract. 


eIF-2 rescues translation in vitro 


Of the seven purified initiation factors (IFs) tested, only eukary- 
otic initiation factor 2 (eIF-2) gave a response comparable with 
that obtained with the reticulocyte $100 (Table 1). Neither of 
the two elongation factors (EFs) was effective although EF-1 
sometimes gave a small stimulation. We have also tested three 
less purified preparations that together comprise the ribosome 
sait-wash fraction (data not shown). One of these, containing 
elF-3, elF-4B, eI F-4F and EF-1, showed no stimulatory activity. 
The second subfraction contained eIF-4A, elF-4D, EF-1 and 
EF-2 as well as mRNA and transfer RNA; it stimulated transla- 
tion slightly but most of the activity was associated with RNA, 
shown by its sensitivity to micrococcal nuclease digestion. The 
third subfraction contained eIF-2, elF-4C and elF-5: it stimu- 
lated as effectively as elF-2 alone. Although an effect of el F-5 
cannot be excluded at present, we conclude that el F-2 is respon- 
sible for most, if not all, of the activity in the ribosome salt-wash 
fraction and that the translational defect in the d1331 extract is 
at the level of chain initiation. 

The activity of elF-2 was eliminated by edeine (data not 
shown), which we expected because this inhibitor acts at a site 
early in the initiation sequence. Similar results were obtained 
with the reticulocyte S100 fraction. We added the two prepar- 
ations simultaneously to the d1331 extract to test whether the 
$100 action results entirely from elF-2 (Table 2). The stimula- 
tions were not additive, consistent with an effect on the same 
reaction. The slight additional stimulation-given by the $100 at 
saturating concentrations. of elF-2, however, was reproducible 
and suggested that the activities might not be fully congruent. _ 
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Fig.4 The roles of eIF-2 and GEF in the initiation of translation, 
The a-subunit of eIF-2 can be phosphorylated by the haem- 
controlled inhibitor (HCI) or double-stranded RNA-activated 
inhibitor (DAI), leading to sequestration of GEF. Subsequently, 
eIF-2 molecules can participate no more than once in ternary 
complex formation. 


As shown below, the $100 factor acts synergistically with el F-2, 
which is not permanently inactivated in d1331-infected cells but 
held in check by an inhibitor. 


Specificity of eIF-2 


Late in adenovirus infection, protein synthesis is mainly viral, 
giving the impression that the translational block in d1331- 
infected cells may be specific for viral mRNAs (ref. 16). 
However, examination of the residual synthesis of host-cell 
proteins in infected cells made it probable that the effect of 
VA-RNA, applies indiscriminately to many mRNA species in 
the cell. This issue can be resolved in vitro. RNA from uninfected 
cells was translated poorly in the d1331 extracts (Fig. 3A). 
Addition of elF-2 or the reticulocyte $100 fraction increased 
greatly the use of the HeLa mRNAs, restoring translation to a 
degree comparable with mock or Ad-2 extracts. Thus, the trans- 
lational defect extends to most or all HeLa mRNAs. Further- 
more, none of the following specific mRNAs was translated 
efficiently in the d1331 system unless eI F-2 (or reticulocyte $100) 
was added: early and late adenovirus-infected cell RNA and 
individual mRNAs hybrid selected from them: brome mosaic 
virus and satellite tobacco necrosis virus RNA, capped and 
uncapped plant viral RNAs, respectively and rabbit globin 
mRNA (Fig. 3B, C). The elF-2 always enhanced translation 
10-20-fold. 

As our best HeLa cell extracts are only 20% as efficient as 
the reticulocyte lysate, we considered the possibility: that the 
elF-2 requirement might be a general feature of these systems, 
perhaps unrelated to the VA-RNA-specific defect of d1331. 
However, little or no enhancement of protein synthesis resulted 
from the supplementation. of the mock and Ad-2 systems with 
: elF-2 or the $100 fraction, whereas a large stimulation was 
always observed in d1331 ‘extracts (Table 2). These data indicate 
that this factor limits protein: synthesis only in the mutant- 


- stranded RNA (reviewed in refs 22, 23). These stimuli activate 
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Fig. $ Guanosine nucleotide exchange factor efficiently rescue 
protein synthesis, a, Essentially homogeneous preparations of el F- 
2 (@) and elF-2:GEF.complex** (W) were titrated into 25-pl 
reactions containing 6.25 al d1331 extract. GEF comprises about 
two-thirds of the complex by weight. b, Sucrose gradient of sal 
dissociated elF-2: GEF complex. Fractions were assayed for d133! 
rescue activity (@) and GEF activity (O). Rescue activity: was 
monitored as in a. GEF was assayed by its ability to catalys 
formation of ternary complex from elF-2: GDP (ref. 38): free el F- 
is also stimulatory. Bars mark positions of elF-2 and GEF visual: | 
ized by gel electrophoresis and silver staining of the gradient 
fractions. c, As b, except that the elF-2:GEF complex was not. 
dissociated. The plot shows rescue activity, which was coincident. 
with GEF activity (data not shown). The bar marks the position, : 
of elF-2 and GEF polypeptides visualized by staining. : 
Methods. 100 pg elF-2: GEF complex was incubated for 2h at 

0°C in 200 ul 20 mM Tris-HCl, pH 7.5, 2.5 mM 2-mercaptoethanol . 
and 500 mM or 100 mM KCI (for b and c, respectively). The facto 
were centrifuged for 22h at 38,000 r.p.m. in a Beckman SW4 
rotor through 12 ml linear gradients containing 10-30% - (w/ 
sucrose, 20 mM Tris-HCI, pH 7.5,5 mM 2-mercaptoethanol, 0.1 m 
EDTA, 5% (v/v) glycerol and 500 mM or 100 mM KCI (for b. and 
c, respectively). Fractions (0.3 ml) were collected, monitored spec 

troscopically and assayed. 


infected cell system, and make it probable that the preferential 
use of viral mRNAs in adenovirus-infected cells is achieved 
independently of VA-RNA (possibly mediated by a- viral 
protein’’'). 


Recycling factor 


Our findings are most easily explained by the develapmnne: 
mutant-infected cells of a block in protein synthesis due to 
failure of e[F-2 to recycle in its catalytic role (Fig. 4). I 
reticulocytes, such a block has been observed in several con 
tions, including haem deficiency and the presence of double 


specific protein kinases which phosphorylate the a-subunit of 






























































and prevent the normal recharging of elF-2: GDP to 
elF-2:GTP, probably by trapping the guanosine nucleotide 
xchange (or recycling) factor GEF (refs 24-28), lack of which 
revents eIF-2 from acting catalytically. The block in 
eticulocyte protein synthesis can be overcome experimentally 
py the addition of relatively large amounts of elF-2 or smaller 
mounts of GEF. 

Several observations argue that a similar mechanism operates 
nthe d1331 extract. As shown above, the translational activity 
f d1331 extracts is enhanced greatly by the addition of pure 
elF-2 and also by a factor found, like GEF, in the reticulocyte 
post-ribosomal supernatant. After partial purification, the super- 
natant factor contained little elF-2 activity but substantial GEF 
vity (data not shown). GEF can be isolated as a complex 
ith elF-2; on a molar basis this complex was about 15-fold 
more effective than eIF-2 alone in rescuing translation (Fig. 5a). 
s expected, the activity co-sedimented with the elF-2: GEF 
complex in native conditions (Fig. 5c), but when the complex 
was dissociated and its components resolved in a sucrose 
gradient, almost all the activity migrated with GEF (Fig. 5b). 
yese results demonstrate a lesion in eIlF-2 recycling; such a 
efect at this early stage of chain initiation (earlier than that 
previously thought'*) would account for the observed lack of 
specificity for viral mRNAs” 


Function of VA-RNA 


We have shown that VA-RNA, preserves the activity of elF-2 
in adenovirus-infected cells and that GEF has a pivotal role in 
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Natural OH maser emission originates in the dusty circumstellar 
nvelopes of highly evolved long-period variables and super-giant 
stars undergoing mass-loss. The OH spectra of such stars, at a 
“microwave frequency of 1,612 MHz, are sharp double-peaked 
emission line profiles in which the two strongest features have a 
velocity separation of 5-60 km s~". Their far infrared colours are 
typical of sources with colour temperatures below 500 K. Most of 





the process. Although there is no precedent for the involvement 
of small RNAs in regulating these factors, the appearance of a 
protein synthesis inhibitor in the mutant extracts offers an impor- 
tant clue. By analogy with the reticulocyte, a mechanism leading 
to the phosphorylation of elF-2 seems most plausible. In the 
setting of viral infection, where double-stranded RNA is likely 
to be found, the double-stranded RNA-dependent protein 
kinase pathway may be involved. Despite its stable secondary 
structure*™, VA-RNA lacks the extended regions of perfect 
duplex necessary to trigger this kinase (S. Legon and M.B.M., 
unpublished data). In cells infected with wild-type virus, VA- 
RNA, might form sufficiently stable secondary structures (either 
alone or with viral mRNA) to bind the kinase and block its 
activation by double-stranded RNA. Until the inhibitor is iden- 
tified, however, alternative and possibly more direct interactions 
between VA-RNA and GEF cannot be excluded. The example 
of the 78 RNA-containing signal recognition particle, respon- 
sible for movement across the céll membrane of secreted proteins 
and regulating their synthesis*’, leads to the question of whether 
GEF might also possess an RNA subunit or cofactor. In this 
case VA-RNA would substitute for a cellular RNA whose pro- 
duction or stability is compromised by adenovirus infection. 
We thank Paul Thomas and Bruce Stillman for valuable 
suggestions. This work was supported by NIH grants CA13106 
(M.B.M.) and GM26796 (W.C.M.). 
Note added in proof: We have shown recently that d1331 infec- 
ted cells contain a protein kinase capable of phosphorylating 
elF-2 and blocking initiation of transcription?’ 
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the 200 known OH/infrared stars were discovered in systematic 
OH-line surveys, at 1,612 MHz along the galactic plane’, gen- 
erally using small antennae and having a limiting sensitivity of 
~1 Jy. But 40 well-studied sources were readily detected with the 
IRAS satellite at 12, 25 and 60 pm and were characterized by a 
limited range of infrared colours. A more efficient method for 
detecting new OH/infrared stars is to begin with IRAS source 
positions, selected for appropriate infrared colours, and using 
radio-line observations to confirm the OH properties. We demon- 
strate the validity of this approach here, using the Arecibo 305 m 
radio-telescope to confirm the 1,612 MHz line observations of 
sources in IRAS Circulars 8 and 9 (ref. 6); our present observations 
identify 21 new OH/infrared stars. The new sources have weaker 
1,612 MHz fluxes, bluer (60-25) jam colours and a smaller mean 
separation between the principal emission peaks than previous 
samples. 

The relatively cold distended atmospheres of highly-evalved 
stars allow dust grains to form and grow. These are slowly driven 
outwards by radiation pressure, and through collisions impart 
an outward velocity to the surrounding gas which expands and 














Table 1 





OH observations of IRAS sources at 1,612 MHz 
































Su 
Source km s7! kms™  mJjykms™ mJy-kms7! 
(1) (2) (3) (4) (5) 

1806+091 P08 —13.5 32.7 670 1,790 
1807+347P08 46 27.2 540 660 
1809+270P08 —4.5 13.6 64 10 
1812+051 P08 86.9 13.9 6 14 
1823+089P08 —8.1 19.1 120 60 
1823+218P08 75.7 11.8 20 17 
1825+078P08 93.7 16.4 730 1,200 
1912+172P09 n.d. n.d. <20 <20 
1913+215P09 n.d. n.d. <20 <20 
1917+199P09 46.4 23.6 1,060 470 
1920+ 156P09 59.6 25.4 900 430 
1920+210P09 55.4 272 1,390 1,310 
1922+302P09 n.d, n.d. <20 <20 
1923+ 164P09 n.d. n.d. <20 <20 
1923+167P09 n.d. n.d. <20 <20 
1928+293 P09 —38.2 30.9 360 710 
1930+ 141 P09 n.d. n.d. <20 <20 
1937+239P09 n.d. n.d. <20 <20 
“1938+ 152P09 5.0 32.7 400 780 
1938+ 154P09 62.0 26.3 20 50 
1944+228P09 -7,5 34.5 570 690 
1945+293 POS n.d. n.d. <20 <20 
1945+ 172P09 ~2.3 24.5 150 490 
1946+222P09 30.8 28.1 30 170 
1947+240P09 n.d. n.d. <20 <20 
1952+279P09 —16.3 nd. 20 <20 
1953+280P09 -311 22.7 490 1,200 
1954+305P09 n.d. n.d, <20 <20 
1955+335P09 n.d. n.d. <20 <20 
2005+ 185 P09 n.d. n.d. <20 <20 
20104308 P09 n.d. n.d. <20 <20 
2013+286P09 -57.9 25.4 90 240 
2016+275P09 6.1 10.9 60 10 
2018+225P09 40.5 22.7 1,400 1,500 
WX Ser: 6.3 14.5 1,570 1,290 


., Not detected. 






cools, forming stable molecules. At yet larger radii, dust opacity 
becomes small enough for the interstellar ultraviolet radiation 
field to penetrate and disrupt many molecules, while the gas 
density is also low enough for radicals like OH to be long-lived. 
The 1,612 MHz OH masing action takes place in the resulting 
thin, steadily expanding and almost spherically symmetric shell 
of gas; the: component expanding directly towards us along the 
line of sight and the one expanding directly away from us are 
responsible for the characteristic double-peaked emission-line 
signature. Figure | is an example of a source with this structure 
at both 1,612 and 1,667 MHz. 

The dusty. cocoon surrounding a highly-evolved star absorbs 
much of its optical radiation. This is reradiated as a thermal 
spectrum in the far infrared at the lower temperature characteriz- 
ing the dust. Olnon et-al* found-from IRAS observations, that 
this temperature is usually less than 500 K. Far infrared radiation 
at wavelengths of 35 and 53 um is also the source of the pumping 
power seen in the 1,612 MHz masers’. We therefore expect type 
II OH masers and far infrared sources, with appropriately low 
temperatures, to be highly correlated. Equipped for the first time 
by IRAS with an appropriate list of sources, we proceed to 
check the association of these infrared sources with 1,612 MHz 
masers. 

In 1983, the Arecibo radio-telescope was equipped with a 
dual-polarization cooled 18-cm field effect transistor receiver, 
giving an effective system temperature of ~40 K at the zenith. 
Sources with a peak flux of 100 mJy are recognizable in one 
minute of integration; upper limits (30) of 20 mJy may be set 
with 15 min of integration time and a resolution of 4.9 kHz. This 
gives a 50-fold improvement in the limiting sensitivity compared 

with most earlier surveys. However, because of the IRAS posi- 
tional accuracy of ~45” and the Arecibo 3.2' half-power beam 
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ZS 
mJy-km s™' (60-25) (25-12) 

(6) (7) (8) (9) 
4,093 —1.160 —0.369 (2) 
2,705 —1.132 ~0.439 (2) 

516 —1.044 +0.106 (6) 

n.d. —0.794 —0.365 (3) 

610 — 1.200 —0.416 (3) 

181 —1.187 ~0.413 (5) 
2,805 —1.109 —0.316 (2) 

n.d, ~0.717 ~0.185 

n.d. —0.635 +0.127 
2,680 —0:893 —0.194 (2) 
2,877 -0.676 ~0.134 (2) 
5,809 —0.768 ~0.013 (2) 

n.d. —0.701 +0.025 

n.d. 0.081 +0.542 

n.d. —0.481 +0.579 
4,866 —0.946 —0.190 (3) 

n.d. —0.671 +0.836 

n.d. —0.529 +0.292 
4,085 —1.189 —0.407 (5) 

101 ~— 1,085 —0.354 (2) 
2,994 —0.747 —0.106 (4) 

n.d. —0.588 +0.367 
1,195 -1.012 —0.288 (3) 

393 — 1.030 —0.200 (2) 

n.d. —0.688 +0.356 

n.d. —0.133 +0.047 (1) 
2,617 —0.960 —0.169 (2) 

n.d. —0,805 —0.191 
n.d. —0.956 ~0.324 
n.d. —0.917 —0.332 

n.d. —0.200 —0.106 
1,216 —0.970 —0.051 (2) 

114 —0.416 —0.009 (2) 
5,034 —1.045 —0.273 (2) 
5,915 n.d. n.d. (2) 
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Fig. 1 Profiles at 1,612 and 1,667 MHz for a typical ee I 

OH/infrared source, at a resolution of 4.88 kHz per channel. Th 

strong narrow 1,612 MHz signal causes a slight ringing acro 
bandpass. : 


with a pointing accuracy of ~10”, we may sometimes miss 
source. 
We observed the IRAS positions of the 26 sources in Circul 
9 falling within the Arecibo declination range, together. v 
seven sources from Circular 8 having appropriate infrar 
colours. All objects were observed at 1,612 MHz in a frequency 
switched mode, with an unsmoothed resolution of 4.88 kHz. 
proportion of the objects have also been observed at 1,665. 
1,667 MHz. The flux scale is calibrated with sources taken from 
Bridle et al”. Our data are summarized in Table 1, together _ 
with the infrared colours evaluated from the IRAS fluxes for 
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;2 -Colour-colour diagram of the ratios between 12, 25 and 

m IRAS fluxes. Open squares, new detections; open triangles, 
detected IRAS sources. Shown for comparison are previous data 
‘or OH/infrared stars, with large amplitude fluctuations in OH 
ux (filled circles) and small amplitude variations (open circles). 
‘osses, optical Mira variables, IRC and AFGL sources with OH 
ission. The line gives the locus of black bodies at various 
temperatures. 


ources treated as 300 K black-body distributions® (columns 7 
and 8). The mean LSR (local standard of rest) velocity is given 
n column 2; the separation between the high and low velocity 
aks in column 3, together with their peak fluxes at 4.88 kHz 
esolution in columns 4 and 5. Column 6 gives the integrated 
5612 MHz flux; column 9, the number of discrete features and 
olumn 10 an indication of the 1,667 MHz signal. These data 
: plotted in Fig. 2, together with the original data on Mira 
OH/infrared stars*. To provide overlap with previous work, 

é include our data on WX Serpentis (Table 1). 

veral points arise: (1) All detected OH fluxes are below the 
y completeness limit of previous surveys“; six sources have 
ik fluxes < 100 mJy. (2) A 25-12 ym colour range of —0.5 to 
.1 typifies our detections and corresponds to colour tem- 
eratures of 200-400 K for the dust. (3) Our detections broaden 
he 60-25 um colour range in the infrared colour-colour plot. 
\s our sources are rather weaker than previous detections, this 
gests that 1,612 MHz fluxes are being limited by the available 
pm flux needed to maintain the basic 35-~m pump in a 
teady state equilibrium’. (4) The most extreme example in this 
espect.is 1809+ 270, as its 1,612 MHz flux is much weaker than 
$ signal at both 1,665 and 1,667 MHz, a feature not shown by 
my other source here. (5) The gap between sources with large 
mplitude swings in their OH signals and the low amplitude 
ources is accentuated’, as none of the four objects (1913 +215, 

937-4239, 1945+ 293 and 1947+ 240) observed to narrow the 
ap are detected. (6) Three objects not detected as OH emission 
ources (1923 +167, 1922+ 302 and 1955+ 335) are in locations 
n the colour~colour plot suggesting that they should be detec- 
|; perhaps their data are affected by the 10% uncertainties 
ciated with the provisional IRAS fluxes or by pointing errors. 
The OH sources 1928+ 293, 1944+ 228 and 1806+091 are 
ype II with strong 1,667 MHz profiles but are undetected 
e 50 mJy level at 1,665 MHz. The more intense of the two 
2 MHz peak fluxes in each case is at the velocity of the 
eaker of the two 1,667 MHz peaks. Finally, (8) the sources 
xamined at 1,667 MHz are usually the strongest infrared 
ources; most are not detected here at either 1,667 or 1,665 MHz. 

e OH/infrared sources that we have confirmed generally 
ve weaker 1,612 MHz fluxes than previously discovered detec- 
ions. Most also have a bluer (60-25) pm colour. As every IRAS 
ource so far investigated with a 60-25 pm colour index < — 1.0 
s now confirmed as an OH/infrared star, the lower limit to the 
ange of 60-25 um colours associated with OH emission sources 
yet to be determined. However, the mean AV for our sample 
t +23.1 (s.e.m. 1.6) km s~ ‘is significantly smaller than the 29.6 
m. 0.6)km.s7' found* previously to characterize sources 





away from tie pla centre. We therefore conċluđe that ihe 
use of IRAS colours to identify new OH/infrared stars changes 
their mean sample characteristics. 

The infrared colours of type H OH sources are highly specific. 
For objects with a (25-12) ym colour in the range —0.5 to 0.1 
our detection rate is 88%. This can be increased further by 
choosing sources within the data locus of Fig. 2. Away from the 
galactic centre, IRAS sources are rarely confused, so new 
OH/infrared stars may be identified with confidence by inspec- 
tion of their far infrared colours. These studies are being con- 
tinued at Arecibo. 

This work was supported by the National Astronomy and 
Ionosphere Center, operated by Cornell University under con- 
tract with the NSF. 
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Plasma radiation during y-ray bursts 
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Most y-ray bursts are thought to originate from or near the 
surface of neutron stars’. Their spectra, however, have been 
measured only in the 30 keV-10 MeV energy range’, with possible 
detection of some 1-12 keV X rays reported for several events? 
(notably the Apollo event of 27 April 1972)* at a level =0.01-0.02 
of the y-ray flux. Here I propose that y-ray bursters may also 
strongly emit 0.05—-1 keV XUV radiation simultaneously with md 
y-rays, in the form of two narrow spectral lines, correspondin: 

the w, and 2w, plasma radiation, where w, = (47n,e°/m J” 

the electron plasma frequency of the y- emitting (and pair nE 
lation) region of the burster. As estimates based on observed 
annihilation line intensities and other theoretical arguments typi- 
cally give n, 2 10%-10% cm™> (ref. 5), hw, 237-373 eV, in the 
XUV range. If detected and their frequencies accurately measured 
with high time resolution, such radiation could be a valuable 
diagnostic tool for the emission region, as in the case of solar 
radio bursts“. Failure to detect them would also put strong con- 
traints on the y-emission models. 

It has been demonstrated that enhanced w, and 2w, radiation 
will be emitted by electron plasma oscillations (EPOs) in plas- 
mas with steep density gradients’ or coexistent thermal and 
suprathermal electron populations*-’*. The w, line is due to EPO 
scattering from ion density fluctuations and the 2, line due to 
EPO-EPO (three-wave) scattering. In solar cases, the above 
conditions arise from shocks ascending the corona’’. Such con- 
ditions are also likely to prevail in y-burst emission regions. 
First, in many events, the simultaneous presence of hot optically- 
thin continuum emission and narrow line emission (probably 
the redshifted 511 keV line) and absorption (possibly cyclotron 
harmonics) are seen''. These spectral features suggest the 
coexistence of two populations of electrons {the term ‘electron’ 
denotes both background electrons and e* pairs), one hot with 
T, = hundreds of keV and one cold with T,= 10 keV. This inter- 
pretation is independent of whether the continuum emission 
mechanism is synchrotron, bremsstrahlung* or inverse 
Compton”, and independent of the presence or absence of 
strong magnetic fields. Second, if strong magnetic field is pres 
ent’, then the rapid 5 TOAN cooling (toyn = 10°! 
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(B/10'?G)~') requires rapid heating or repopulation of the 
high-lying Landau levels. Coulomb collision with hot ions is 
inadequate’. Only anomalous heating through EPOs (v7! 
107!’ s nzi, Nog = n,/ 10°% cm™°) has a chance of matching Sih 
a cooling rate. Thus a strong field scenario would require the 
presence of copious amounts of EPOs. Moreover, the density 
gradient at a neutron star surface is probably steep. The combi- 
nation of these two factors thus suggests efficient emission of 
plasma line radiations. 

Because of the uncertainties of both the basic physics and 
characteristic parameters of the emission region, the estimates 
of the w, and 2w, line intensities from y-ray bursters given 
below are speculative, but they should encourage experimen- 
talists to try to detect such radiations. 

Consider first the case of weak fields, where the electron 
cyclotron frequency w,.= eB/m.c<w, or B=3x10"G ni4, 
and the EPOs are generated by coexistent hot and cold isotropic 
electrons. Following Tidman!® we have 


V, 2 
En, =6X107” nrren( 2) a% ergem™@s! (1) 
c 


v\ 3 
2m, = 5 X107 ni PT? (* a? ergem™ 57! 


where n., T, refer to the cold electrons: 


1/2 
Ay vy, 
=| 2i —**— 
Eaa] 
[T y 
wI VS; e= 
Me Me 


and n,, T, refer to the hot electrons. The above results are 

derived assuming n, « Nne, v, « c. But the errors in applying them 

to y-burst regimes should not exceed the uncertainties in the 

parameters themselves. Denoting n.=n,./10%%cm™:; T,= 
T,/5 keV and Tası = T,/511 keV, we have 


wn, = 6.15 X 10835 To) Tasa erg om™? s™ 
and (2) 


€2y, = 2.3 X 1083S Ta Tha  ergem™? 57! 


a is O(1) for n~n. and n, Tes, Tası ~ 1. This should be 
compared with (assuming n~n.) the inverse Compton 
emissivity £i ™=2x10° Lossnz Tasnu ergem™°s™ (Los = soft 
photon luminosity/ 10% erg s~'), optically-thin thermal 
bremsstrahlung emissivity ¢,,~10°Z n3,TV3, erg cms"! 
(Z = atomic number) and thermal synchrotron emissivity fy = 

3.2 X10"! nasBio Tisi; erg cm™° s™' (Bio = B/10'°G, see ref. 1). 
Hence, if both line and y emissions are optically thin and the 
EPO region coincides with the y emission region, for T= =5]1 
keV the line radiation flux at Earth would be ~10L53, of the 
inverse Compton y-flux, ~107? Me Z~! of the thermal 
bremsstrahlung y flux and ~ 107° BIg of the thermal Synchrotron 
y flux. These ratios become invalid if the EPO region becomes 
thick enough so that the w, and 2w, lines are self-absorbed. In 
that case, we expect their intensities to be limited by the Ray- 
leigh-Jeans distribution of the hot electron temperature. For 
Ty = Sli keV, FEL, = 107 erg om? s™' keV™! n32 and the total 
line flux depends « on the linewidth. The linewidth from electron 
Doppler would be quite narrow: Av/v,~(T./m,c?)'"? ~0.1. 
But the main broadening may be due to density gradients. For 
solar plasma lines this is typically Av/v, = 0.4 (ref. 8). Assuming 
a linewidth of Av, = 100 eV, the Rayleigh- Jeans-limited line flux 
would be FP! = 10" erg kms”! n3. More importantly, the 
lines are discernable only if they are not overwhelmed by the 
low-frequency emissions of the hot plasma or other lower tem- 
perature continuum emissions from a larger area, such as the 
neutron star magnetosphere. These uncertainties can only be 
settled by observations. We also expect the frequency to drift 
with time as the emission region evolves. So the time-integrated 
profile (for example, tens of milliseconds) could be smeared 
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but probably still resolvable. Although this frequency range i 
highly opaque in the galactic equator (visiblity <100pc),. the 
are known transparent windows at high latitudes, including t 
positions of the recurrent sources'*'*, We are thus optim 
that a nontrivial number of galactic bursters (= 10kpe) may 
detectable since the sources apparently have an isotropic dist 
bution. 

Next we consider the case of strong magnetic fields (BR >3 
10'°G n34) where the purely longitudinal EPOS can only prop 
gate along field lines. Because the ion cyclotron and plası 
frequencies are both « w, even at B =10"° G, the w, radiation 
is, to the first order, unaffected by the B-field. But we expe 
the 2w, radiation to be strongly inhibited since colinear EPt 
EPO scattering cannot directly produce transverse electr. 
netic waves and we have to rely on higher order processe 
as scattering of transverse w, radiation with EPOS and sc 
Of course, the EPOS can also scatter from the other colle 
oscillations not propagating parallel to B (for example, lo 
hybrid resonance). But all these waves have frequencies = 7 
since wee? we So the resultant electromagnetic radiation 
have a characteristic frequency near the electron cyclo ‘On 
frequency, making them indistinguishable from ordinary cy 
tron harmonic emission (except perhaps for their coherence 
Hence the ratio of w. to 2w, line intensity may be a useful pre 
of the B-field strength. 

More speculatively, suppose that the hot electrons: in the 
strong field case are indeed heated by copious amount of: ext 
nally induced EPOS. Then the EPO energy flux must be ‘comp 
able with the hot electron energy flux. Unlike the previous | 
where the EPOS are secondary emissions by the hot electri 
here they are the primary energy source of the y flux 
probably emit enhanced w, radiations. Specifically, in the 
where the EPOS couple to w, radiation through a steep d. 
gradient of scale height L (> 22c/@,), using Boyd and Sand 
son?’ the w, emissivity is estimated at 


_ 2mc? |E sin 0}? 
T 3a, Lv? 








where Eo is the amplitude of the oscillating plasma field an 
is the angle between Vn and Å. Assuming (sin? @) = 
cE3/8a = F, (y flux) and w. emission region thickness 7h 
have for the total w, flux 


In this case, the Rayleigh-Jeans limit is no longer valid since 
the EPOs could be strongly coherent. Finally, we note th 

the scenario where the hot electrons are produced by resonat 
absorption of intense relativistic Alfvén waves'>'*, the reflect 
w, radiation would be comparable with the absorbed flux 

10°° erg cm™* s™' (see ref. 5) and the total plasma line flux co 

be comparable to the y flux itself. 

Thus, if we believe that y bursts originate from dense plas as 
at or near the surface of a neutron star, then they should also 
emit significant level of plasma line radiations at 0.05-1 ke 
The minimum luminosity in these lines would be ~107*-| 
of the y-luminosity independent of source distance if the y ra’ 
are synchrotron in a 10'°G field but the electrons not heated 
collisionlessly. The line luminosity could go as high as the 
luminosity itself if the hot electrons are heated by reson: 
absorption of intense magnetic reconnection wave fluxes 
could even exceed the y luminosity if the y rays are due to 
inverse Compton. Detection of the line radiation would provide 
clean diagnostics of the emission region (such values as n,, To, 
B and Vn,), as well as discriminations between different 
mechanism of y emission and electron heating. 

The far-reaching implications of the possible discovery of 
such line radiations require the development of a comprehensive 
experimental programme to keep a close eye on the high galactic 
latitude windows where one can see through the galaxy in these _ 
frequencies. In particular, the N49 (Large Magallenic Cloud) 
















































































on which contains the known recurrent source’? that may 
_periodic'’, should be kept under surveillance in the XUV at 
ast near phase 0. Hopefully, future high-energy explorer 
evelopment (such as High Energy Transient Explorer and 
reme Ultraviolet Explorer) would keep these observations 
ind. 
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supices of the US Department of Energy by the Lawrence 
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NG-48. 
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jarge-scale flows of convective plasma in the Earth’s magnetos- 
here, driven by the external influence of the solar wind, have long 
been known. The electric fields associated with this convection are 
apped along approximately-equipotential field lines to low alti- 
ides, resulting in strong ionospheric flows. Considerable con- 
oversy surrounds the detailed pattern of the convective flow in 
the ionosphere, its dependence on geomagnetic and interplanetary 
ditions and the resulting magnetospheric topology. Several 
ervations'” suggest that this pattern rotates towards earlier 
times during magnetically-disturbed periods, but empirically- 
d modelling failed to detect such an effect and even suggested 
counter rotation, towards later local times’. Since April 1982, 
radar auroral backscatter system, SABRE (Sweden and 
n Radar auroral Experiment) has been in operation in north- 
Europe“, which allows estimates to be made of plasma convec- 
the auroral E region over a large area (~200,000 km’, L = 
high spatial and temporal resolution. Here we present 
ie flow patterns averaged over this period of radar operation for 
rent levels of magnetic activity, revealing a definite rotation 
f the whole convection pattern towards earlier local times with 
nereasing. activity. 
The radar auroral technique used in the SABRE system is 
‘similar to that of the earlier STARE (Scandinavian Twin Auroral 
Radar Experiment) system’ and comprises two multi-beam radar 
nstallations located respectively at Wick in Scotland and 
lppsala in Sweden (Fig. 1). The radar systems are sensitive to 
ostatic plasma waves (irregularities) of ~1 m wavelength 
yroduced in the auroral E layer by the two-stream and gradient- 











Fig. 1 Beam geometry of the Wick and Uppsala SABRE radars, 


indicating their common viewing area. 


drift plasma instabilities. These irregularities propagate approxi- 
mately perpendicular to the geomagnetic field and measurement 
of their phase velocity in two independent directions (from the 
Doppler shift of the backscattered-radar signal) yields a close 
estimate of the electron-drift velocity within the observing 
area®’. 

A unique advantage of the SABRE/STARE technique is the 
high spatial and temporal resolution possible (20 x 20 km? and 
20s respectively) compared with other methods. Furthermore, 
these systems provide continuous data coverage when conditions 
permit (see below), with high reliability and moderate cost. But 
there are also several disadvantages: first, plasma irregularities 
must be present to provide radar backscatter and therefore 
measurements are not possible during ‘quiet’ times, when the 
electric field is below the threshold of ~ 15-20 mV m™' necessary 
to excite these waves; second, comparison with results from the 
European Incoherent Scatter facility (EISCAT) indicates that 
SABRE and STARE progressively underestimate the higher flow 
speeds (2 600 m s~'), although the flow directions are accurate’. 

The most important factor governing the morphology and 
properties of the Earth’s magnetosphere and its plasma popula- 
tions is the convection of flux tubes and associated plasma, 
driven by the solar wind. The resulting two-cell pattern of plasma 
circulation at high latitudes in the ionosphere”"'' is illustrated 
in Fig. 2. The main features of this circulation pattern are: (1) 
the strong zonal flow components near dawn and dusk, corre- 
sponding to the morning and evening auroral electrojet currents 
and (2) the reversals near magnetic noon and midnight. The 
morning discontinuity is located in the region of the magnetos- 
pheric cleft where the configuration of the geomagnetic field is 
such that magnetosheath particles can penetrate directly to 
ionospheric altitudes. It is therefore a very dynamic region for 
which an example of the flow pattern observed by SABRE near 
the morning reversal has been reported recently’’. The evening 
(or Harang) discontinuity usually extends to lower geomagnetic 
latitudes than the morning reversal. Observation and theory 
suggest that the relative shape and size of the convection cells 
varies considerably both with magnetic activity and the polarity 
of the interplanetary magnetic field (IMF)*'>"*. In particular, 
STARE observations’ indicate that as magnetic activity 
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Fig. 2 Schematic illustration of the average high-latitude convec- 
tion pattern”. 


increases, (1) the electric-field magnitude increases, (2) the 

average location of the field maximum moves equatorwards, (3) 

the morning cell expands and (4) the whole convection pattern 

rotates towards earlier local times. 

The causes of magnetospheric convection have been discussed 
in terms of two main theories, one in which closed magnetos- 
pheric-flux tubes are transported from the day side to the night 
side in a boundary layer around the flanks of the magnetosphere 
by a quasi-viscous process occurring at the magnetopause’ and 
the other in which open flux tubes are transported over the poles 
of the Earth after reconnection with the IMF on the day side 
magnetopause’. It has also been suggested that these processes 
coexist, with the ‘viscous’ process contributing a small but 
sometimes significant 10-30 keV” to the usual cross-magnetos- 

_ phere potential of 40-100 kV. 

Averaged measurements of the convection pattern have been 
reported previously by incoherent scatter radars'™'*!9; the pres- 
ent results, however, represent the first study of this kind using 
the so-called ‘coherent’ radar technique over such an extended 
period, with a much larger data set of ~380 days compared with 
typically 5-10 days of incoherent scatter data. 

Figure 3 illustrates the plasma convection pattern observed 
by SABRE, averaged over all conditions; it is a composite of 
available measurements. The main features of the pattern are 
identified readily: strong electrojets involving sunward convec- 
tion in the dawn and dusk sectors and the morning and evening 

.. discontinuities at around 09.00 UT and 21.00 UT respectively. 
~The evening reversal is slightly later (by ~ 1 h) at lower latitudes, 
consistent with the average configuration of the flow pattern at 

these latitudes (Fig. 2). 

To investigate the variation of the plasma convection pattern 
with magnetic activity, the average convection velocities at 64°N 
were calculated for each value of K,. The results of this analysis 
are plotted in the same format as Fig. 3, but with the ordinate 
representing K, instead of latitude, in Fig. 4, the most striking 
feature of which is the shift of the Harang discontinuity to earlier 
local times, with increasing activity, from ~21.30 UT at K,=2 
to ~19.00 UT at K,=6. At higher K, flows become more 
irregular. This is expected, particularly as for these conditions 
the data are averaged over fewer days and hence individual 
perturbations will have a greater effect. On the other hand, the 
flows in the region of the morning reversal are weak under all 
but the most active conditions. 

Our results extend previous STARE observations of the mean 
pattern of convection in the ionosphere” and represent the first 
such study using the auroral radar technique on a time-scale of 
years. We have confirmed that a basic two-cell convection pat- 
tern exists in the high-latitude ionosphere and that this pattern 

has a clear apparent rotation towards earlier local times with 
: increasing magnetic activity, This highlights the problems inher- 
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Fig.3 Average convection velocities measured by SABRE (mag- 
netic midnight is approximately 22.30 uT). The data are presented 
as a function of geomagnetic latitude and universal time, averaged 
over 4° of longitude. The magnitude and direction of the convection 
flow are represented by the length and direction of the vector 
plotted at each grid point, with north towards the top of the figure. 
Flow measurements were only included in the statistics if the 
corresponding backscatter signal/noise ratio was >3 dB; the num- 
ber of data values therefore varies with latitude and time, few 
points being available at lower latitudes and during the morning 
hours. aiana 
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Fig.4 Illustrating the variation of K, of the convection velociti 

measured by SABRE at 64° N. Gaps in the data are because 

either an absence of backscatter (low K, values), or non-occurre 
(high K, values). whe 


ent in interpreting data from only one location, as the apparent 
rotation of the convection pattern to earlier times with increasing 
activity may result from a bulk rotation of the whole convection 
pattern, a displacement of the pattern with respect to the pole, 
or enhanced asymmetry of the morning and evening cells. 
However, there are now several radar facilities in the Northe: 
Hemisphere and collaborative efforts to monitor simultaneous 
the plasma convection pattern at different geomagnetic long 
tudes should be made to resolve this ambiguity. Future work 
should also resolve whether this rotation is a repeatable regular 
feature of strong magnetosphere-IMF coupling, or a transient! 
effect associated with substorm-related ionospheric current an 
conductivity enhancements. Spacecraft measurements of the 
IMF polarity will be used to examine this question. The British 
radar is operated by Leicester University; the German radar is 
operated by MPAE in cooperation with the Uppsala lonospheric 
Observatory. 
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The 63-pm emission, line from the ground electronic state fine- 
cture transition ?P,—’P,) of atomic oxygen, first suggested as 
a major source of thermospheric cooling by Bates’ and sub- 
sequently discussed theoretically*”, has been measured over a 
range of thermospheric altitudes*®. The rocket measurements 
showed that the downward intensity remained essentially constant 
between 85 and 100 km, as expected for an optically-thick emitting 
region. As a result, OI emission is now thought to be less important 
as a source of atmospheric cooling than upward radiation from 
the 5.3 um band of NO (ref. 7). Nevertheless, measurements of 
the intensity distribution of OI emission in the lower thermosphere 
should help to discriminate between theoretical models® and, in 
particular, address the appropriateness of ‘local thermodynamic 
equilibrium’ at these altitudes. We report here high spectral reso- 
lution measurements of OI emission at 30 km. The downward OI 
flux is measured to be (2.4+0.5)x 10-5 W m`? sr, somewhat 
larger than expected on the basis of previous rocket measurements 
or theoretical predictions. Furthermore, this value is found to be 
dependent of zenith angle. 
observations reported here were made on a nighttime 
n flight from the National Scientific Balloon Facility at 
alestine, Texas with the University College London-European 
pace Agency astronomical spectrometer’. Table 1 lists the 
vant system parameters. The flight objective was to obtain 
frared spectra from a number of astronomical sources. For 
S, background spectra—the basis of the present analysis— 
covering a range of zenith angles corresponding to air-mass 
values of 1.27- >20 (one air mass refers to the integrated path 
he zenith at this altitude) were required to eliminate any 
contribution to the observed spectra from the Earth's atmos- 
- phere. 
_Interferograms obtained with the Fourier spectrometer were 
_ processed using standard techniques. The wavelength scale of 
_ the resulting spectra was determined from the positions of 
several water-vapour lines. Flux calibration was determined 
from spectra obtained with an in-flight black body operating at 
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Fig. 1 Background spectrum at 157-159 cm™', identifying the OI 
line at 158.2686 cm™', along with neighbouring isotopic H,O lines. 


two stabilized temperatures. Details of the data processing and 
calibration procedures will be published elsewhere’”. 

A short section of an atmospheric spectrum between 157 and 
159 cm™', taken at an air mass of 1.49, is shown in Fig. 1. The 
OI line is clearly identified, together with several neighbouring 
isotopic H,O lines''. The position of the OI line is determined 
to be 158.269 + 0.003 cm™', which is in excellent agreement with 
the inherently-more-precise laser magnetic resonance (LMR) 
measurement of 158.26862(7) cm7' (ref. 12), when the reported 
wavenumber is corrected for an error in the assignment of the 
laser wavelength used in the LMR experiment (R. M. Evenson, 
personal communication). 

Measurement of the OI line and adjacent stratospheric H,O 
lines, over a range of zenith angles equivalent to air-mass values 
of 1.27- > 20, have revealed an interesting feature, shown in Fig. 
2: the OI line intensity remains constant as the zenith angle and 
thus the equivalent air mass changes over the full range of 
measured values, whereas neighbouring stratospheric H,O lines 
show the expected increase in line intensity as a function of air 
mass. This feature is more graphically illustrated in the plot of 
effective equivalent width as a function of the square root of 
the air mass, shown in Fig. 3. Also shown (Fig. 3) for comparison 
is a similar plot for a nearby stratospheric H,O line of compar- 
able strength, at low air mass, exhibiting the expected linear 
dependence on (air mass)'/* of an emission line whose profile 
is dominated by pressure broadening in the strong regime of its 
curve of growth, The constancy of the OI line intensity stems 








Table 1 System parameters for night-time balloon flight from Palestine 
in Texas 
Flight details 

Date 22 October 1980 
Observation period 19:00-05:00 local time 
Location Palestine, Texas (32° N) 
Altitude 30 km 

Telescope 
Size of primary mirror 60 cm 
Field of view 1.24 arc min 


Calibration in-flight black-body 


Spectrometer 
Type Fourier transform 
Spectral range 100-200 cm™! 
Resolution 0.01 em! 
Time per interferogram 120 s 
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Fig.2 Ten background spectra at various air-mass values, show- 
ing the increase in emission of the isotopic H,O lines, and the 
constant intensity of the OI line. 
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“Fig. 3 Curve of growth for the OI line (158.2686 cm™') and an 

HO. line (157.22:cm) using data from Fig. 2. The error in the 

equivalent-width values is represented by the size of the plotted 
symbols. (See text for details.) 


from the fact that its profile is dominated by Doppler broaden- 
ing. As the temperature in the source region to optical depths 
greater than unity (at 95 km at the line centre’) remains approxi- 
mately constant, the line intensity fora Doppler- broadened line 
is not expected to vary with air mass—a regime discussed in 
standard texts on radiative transfer, for example in Thorne'* 

The calibrated OI line intensity, as a mean of all the spectra, 
is 2.4x 107° Wm’ sr“!, to an estimated accuracy of 20%. This 
value is significantly higher than those obtained from previous 

“rocket ger q 2x10” W m`? sr! at 90km (ref. 15), 7.2x 
10°°W m° sr”! between 85 and 100km during an auroral 
display’, and 4: 5 x10°° Wm’ sr“! at 120 km (ref. 4)). A theoreti- 
cal Prediction” of downward zenith intensity, of 9.4 x 107° W 
m™ sr7! at 50 km, alsoi is lower than the measured value, whereas 
model calculations®, allowing for a change in OI concentration 
by a factor of 4, predict values of 1.0-1.7 x107 W m~? sr7! at 
80 km, in closer agreement with the observed value. The OI 
intensity in the optically-thick regime depends on atomic oxygen 
content (which can vary over an order of magnitude'®) and 
temperature, which is also variable. The lack of agreement 
among all these values is therefore not surprising. Solar-activity 
effects on the thermopause temperature and auroral activity are 
not expected to play a significant role in determining the down- 
ward OI flux measured in the stratosphere, as the source function 
is believed to peak in the lower thermosphere. 

In conclusion, measurements of atmospheric OI emission 
obtained with a balloon-borne telescope and a high resolution 
Fourier transform spectrometer verify the corrected LMR 
wavelength of 63.18372 um for this transition and give a down- 
ward integrated line intensity which does not vary by more than 

5% over the prescribed range of zenith angle. 
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Charnockites, constituents of most Precambrian high-grade 
rains™?, are essential for understanding the evolution of the ea 
continental crust. The: arrested development of charnockite in she 
veins at Kabbaldurga’, in the state of Karnataka in India, sugge: 
flow of CO,-rich water-deficient fluids through deep-seated 

as a mechanism of granulite grade metamorphism“, We repo 
here an occurrence of arrested charnockite formation well south 
of Kabbaldurga, in the khondalite belt of southern Kerala, w í 
rocks with amphibolite facies give way to the vast southern Indiz 
Sri Lanka charnockite terrain, indicating that metamorphism 
to CO,-rich fluids (carbonic metamorphism) may have opera 
over a large area in southern India. If such localities prove to 
widespread, the present level of exposure throughout much of 
high-grade terrain probably does not extend far beyond an isofac 
surface marking the boundary between upper and lower crast 
the late Archaean. 

The khondalite belt of Kerala and Tamil Nadu (Fig. i)i i 
dominant supracrustal sequence consisting of metapelites wit 
granulite facies (khondalites) and subsidiary bands of quartzit 
graphitic paragneisses, charnockites and carbonates with lenses 
of basic and ultrabasic granulites. The age of the belt.is not. 
well-established; only single whole-rock Rb/Sr ages ate repor 
ted, ranging from 2,155 Myr to 3,070 Myr®. Although these date 
indicate an Archaean age, we cannot exclude a Proterozoic age 
The exposures described here occur in a quarry | km east 
the hill resort of Ponmudi, about 65 km north of Trivandrur 
in the northern portion of the khondalite belt (Fig. 1): Th 
quarry contains roughly equal proportions of a grey-white bio 
tite/garnet/ plagioclase/K-feldspar/quartz/graphite gneiss an 
coarse-grained dark-green charnockite. The gneiss has bot! 
well-developed mineral foliation and a composition band 
trend along the direction N70°W, coinciding with the regional 
foliation which is cut by patches of charnockite 0.1-1 min width 
(Fig. 2). In places the charnockite is concentrated in sheared 
limbs and hinges of small folds; warping of gneissic foliation 
can be seen at the edges of the charnockitic patches. The char- 
nockite appears to be concentrated along two directions, N50E 





id E-W, which could bea conjugate set of shear plánes. The 
relationships indicate clearly that the charnockite was 
med after the gneiss; in this respect the exposures at Ponmudi 
semble those at Kabbaldurga, 500 km to the north. However, 
major difference between the two localities is that the latter 
eavily infused with granite veins whereas the former shows 
none. In this respect, and because of the lack of any marked 
retrogressive recrystallization, the Ponmudi quarry is a remark- 
ably simple and clear case of charnockite formation. 
etrographic examination demonstrates the sharp decline in 
abundance of biotite in charnockites. Red-brown biotite is 
co mon and uniformly disseminated in the grey gneiss but is 
are in the charnockite, where it occurs mainly as inclusions 
thin garnet and orthopyroxene. Plagioclase, quartz and K- 
feldspar occur in both types of rock. However, crystals are 
ually much larger in the charnockite, where they range up to 
cm across, compared with typical 1-2 mm grains in the gneiss. 
aphite is abundant in both gneiss and charnockite, especially 
near their interface, indicating mobility during the recrystal- 
ation. Garnet is also common in both rock types and appears 
ọ have undergone little or no recrystallization during the forma- 
n of the charnockite. Ilmenite and apatite are present in both 
rocks, but magnetite is absent. 
ock analyses were performed by X-ray fluorescence analysis 
on homogenized powders of fist-sized chunks taken about 10 cm 
art from opposite sides of a charnockite-gneiss margin in two 
rent specimens (Table 1). Mineral analyses on the same 
ks used an ARL-EMX microprobe, with an energy-dispersive 
tection and data reduction scheme similar to that of Reed 
id Ware (ref. 7; see Tablel). Our rock analyses of the two grey 
ss-charnockite pairs show that the transition from gneiss to 
ockite is remarkably isochemical, similar to the transfor- 
on at Kabbaldurga. Garnet, plagioclase and biotite have 
ost identical compositions on both sides of the transforma- 
n boundary. Orthopyroxene is Mgo34Feo.6¢SiO3, somewhat 
re Fe-rich than at Kabbaldurga. Biotite is very high in TiO), 
arking it as a granulite facies variety, stable at high tem- 
tures and low H,O pressures“. The experimental garnet- 
yiotite. KEME thermometer’ reads 700°C at 6 kbar, probably 
0 low becat of a perturbing effect of the high Al and Ti 
mtents of biotite’. A garnet-orthopyroxene experimental 
id thermometer'! reads 820°C, with an uncertainty of 
~ £60 °C. A plausible upper-temperature limit may be given by 
e vapour-absent melting reaction of biotite and quartz to 
<-feldspar, orthopyroxene and liquid at 810°C at ~5 kbar’?, 
thus a reasonable temperature may be 760+40°C. A garnet- 
lagioclase-orthopyroxene-quartz geobarometer reads either’? 
‘kbar at 760°C or'* 6.0 kbar at the same temperature. Thus, 
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Fig. 1 Locations of Ponmudi, Kerala, and the Precambrian 
geology of southern India. Bangalore is near the dividing line 
between terrains of amphibolite facies and granulite facies. 


the pressures and perhaps the temperatures are higher than the 
750°C and 5.4kbar inferred for the first appearance of 
orthopyroxene at Kabbaldurga’®’*. 

Quartz crystals in the Ponmudi charnockites contain many 
arrays of CO,-rich fluid inclusions ; they contain also a significant 
proportion of decrepitated and partially-decrepitated inclusions. 
CO,-rich fluid inclusions are also found in non-charnockitic 
gneisses, although not as abundantly as in the charnockites. A 
reconnaissance survey of the charnockite fluid inclusions 
showed freezing points 1-2 °C below the triple point (—56.6 °C) 
of pure CO,. This must result from the presence of another 
component miscible with CO., most probably CH, or CO 
because of the abundance of graphite. If the dilutant is CH4, 
the amount could be as much as 16 mol (ref. 17). Homogeniz- 











Table 1 Whole-rock and mineral analyses of adjacent pairs of grey gneisses and charnockites from Ponmudi 
18-6 18-6 18-8 18-8 18-6 18-6 18-6 18-6 18-6 
w-r wer wet w-r garnet garnet biotite biotite opx 
gneiss charn. gneiss charn. gneiss charn. gneiss charn. charn 
65.63 67.06 64.82 65.07 36.8 36.9 35.7 35.5 48.9 
0.97 0.97 0.78 0.85 5.3 5.2 
15.18 15.20 15.88 14.83 21.2 21.4 13.6 13.8 1.8 
6.87 5.29 6.24 6.30 34.6 34.4 20.1 20.3 38.6 
0.10 0.06 0.08 0.06 0.5 0.6 0.1 
1.13 0.95 LH 1.18 43 43 10.3 10.5 11.3 
2.24 2.40 2.10 2.07 2.4 2.4 0. 
2.33 2.70 2.31 2.46 
4.03 4.60 5.06 5.42 9.8 9.0 
0.20 0.20 0.17 0.20 
1.07 1.17 0.87 0.81 
99.75 100.6 99.42 99.25 97.8 100.0 94.0 94.3 100.8 
207 186 247 228 Me/(Mg+ Fe} 
142 165 166 184 0.181 0.184 0.477 0.480 0.343 
60 47 80 54 


Composition of plagioclase: in gneiss, 32.0 mol % anorthite (An); in charnockite, 32.5 mol % An, Also present, alkali- feldspar, quartz, grophis, 
lenite, apatite. w-r, Whole rock; opx, orthopyroxene; LOI, loss on ignition. 




















































Fig. 2 Charnockite alteration (dark) of garnet-biotite gneiss 
(lighter), showing crosscutting and disruption of gneissic foliation. 


ation temperatures ranged from +10 to +17 °C with the largest 
peak at +11 °C. This corresponds to pressures between 3.3 and 
4.0 kbar for a temperature of 760°C'* (a maximum estimate 
because of the miscible component in the CO,). The low pressure 
may indicate entrapment at high temperature during uplift fol- 
lowing peak metamorphism. Near-isothermal uplift could cause 
decrepitation if pressures fall 1-2 kbar below the entrapment 
isochores'” 

The reaction producing orthopyroxene at Ponmudi is essen- 
tially biotite + quartz > orthopyroxene + K-feldspar + H,O; gar- 
net does not appear to participate. This reaction is at least 
divariant because of the complex vapour phase and the presence 
of Ti in the biotite. Orthopyroxene forms from amphibole break- 
down at Kabbaldurga, where biotite is stable with quartz. Hence 
we infer the formation at Ponmudi is of higher grade than at 
Kabbaldurga, which is supported by the occurrence of inter- 
layered orthocharnockites in the khondalite belt of Kerala and 
Tamil Nadu”; bulk chemistries that could yield amphibole- 
bearing acid gneisses at lower grade exhibit orthopyroxene in 
the khondalite belt. 

Progressive metamorphism is usually explained as a response 
to increases in temperature and/or pressure. However, it is 
unlikely that large differences in the metamorphic pressures and 
temperatures occurred over the short distances between the 
biotite-bearing and orthopyroxene-bearing patches at Ponmudi. 
In one popular model of high-grade metamorphism, granulite 
facies mineral assemblages are produced as the residues of 
partial melting’'. The isochemical nature of the metamorphism 
precludes this for Ponmudi. The mineral assemblage in the 
charnockites requires low water pressures, probably of ~10- 
20% of the total pressure’’, which may be fundamental in 
understanding the development of charnockite at Ponmudi. An 
influx of water-deficient fluid during the high-grade metamorph- 
ism would lower water fugacities, promoting the breakdown of 
biotite and the formation of orthopyroxene. Such fluids would 
probably be channelled in zones of enhanced permeability, such 
as in shears, which could. explain the localized development of 
charnockite. The CO, densities in fluid inclusions at Ponmudi 
are too low to be consistent with peak metamorphic pressures 
and may have been affected by deformation during postmeta- 
morphic uplift. 

A mixed charnockite-grey gneiss quarry near Panaikkudi, 
Tamil Nadu has been recently reported”? and although few 
petrologic details were given, the occurrence seems similar to 
that at Ponmudi. We note small amounts of charnockite cutting 
biotite-garnet paragneiss in a few other widely-separated 
localities in Tamil Nadu and Sri Lanka, but most of these are 
complicated by some late retrogression and hence are not as 
straightforward as at Ponmudi. However, it appears that arrested 
charnockitization of biotite-garnet paragneiss may be wide- 
spread over the high-grade terrain of southern India that is 
exposed for thousands of square kilometres, indicating that 
metamorphic conditions throughout most of this area remained 
fairly close to those required for the first appearance of 
orthopyroxene in these biotite-garnet paragneisses ( T ~ 760°C, 
P~6.0 kbar, Pu,o<0.2 Pora). Relatively-small local fluctu- 





ations in these conditions would explain the relative distribution 
of biotite-garnet paragneisses and their orthopyroxene-bearing 





crustal level. However, the mechanism of transport of large 
quantities of CO, into such a geographically-broad metamorphic 
environment remains an unresolved problem. 

We thank the Centre for Earth Science Research in Ti 
drum for logistical support and R. C. Newton for helpful d 
cussions. R. C. Newton thanks the NSF for grants EAR 82- 1924! 
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Extreme isotopic homogeneity 
among basalts from 

the southern East Pacific Rise: 
mantle or mixing effect? 


J. D. Macdougall & G. W. Lugmair 


Geological Research Division, Scripps Institution of Oceanography, 
La Jolla, California 92093, USA 





Basaltic lavas which have erupted along the great oceanic ridg 

system are characterized by their overall chemical and. isotopic 
homogeneity. Nevertheless, they show evidence for variability 
the chemical and isotopic composition of the ocean ridge basalt 
(ORB) source whose scale and distribution remain uncertain. 
Isotopic compositions of Sr, Nd, Pb and Hf and ratios of some 
highly incompatible elements have been used as tracers of OR 
source compositions, usually permitting source characteristics. 
be distinguished from petrogenetic effects. The Mid-Atlantic Rid: 
(MAR), in particular, shows correlations in the isotopic compo: 
tions of several elements, between isotopic compositions and 
topography and between these parameters and incompatible ele 
ment concentrations and ratios’. We report here isotopi 
measurements for basalts, dredged between approximately 30 ang 
34° S on the East Pacific Rise and adjacent Maddingly Rise, which 
show highly uniform Sr and Nd isotopic compositions, possibly 
resulting, in part, from mixing associated with a high rate o 
magma generation and rapid spreading (~170 mm yr” 1), However. 
a ridge segment of comparable length between 18 and 22° S and 
with only a slightly lower spreading rate shows much gre 
isotopic variability. Hence we are apparently sampling small bu 
detectable regional differences in mantle composition. The isotopi 
homogeneity among the basalts from 30 to 34° S implies that a 
heterogeneity in the underlying upper mantle is uniformly dis 
tributed on a scale much smaller than the volume sampled in 
individual magma batches, and is thus averaged out in the resulting 
lavas. 








Large-scale regional heterogeneities, for example, near Ice- 
nd or in the Azores, have been ascribed to plumes or blobs 
elatively-enriched material rising from great depths in the 
tle**, Individual ORB analyses, however, occasionally show 
isotopic compositions as extreme in *’Sr/*°Sr or 'Nd/'“*Nd 
ese, despite their origin from areas lacking topographic or 
ther manifestations of plume activity’. It has been suggested 
‘hat the much greater isotopic variability observed among MAR 
asalts compared with samples from the East Pacific Rise (EPR) 
function of less efficient mixing at slow-spreading ridges 
R) than at fast-spreading ridges (EPR)'°*. If true, this has 
tant implications for the dimensions of small-scale isotopic 





Sr Rb 8767/85 

101 0.51 0.702519 + 26 
122 0.83 0.702492 + 26 
122 1.01 0.702500 + 26 
117 0.99 0.702528 + 26 
121 0.24 0.702456 + 26 
109 0.39 0.702474 + 26 
116 1.20 0.702500 +26 


Table i Isotopic data for Pascua dredge samples 


sample run were less than the measured range for our isotopic standard, 





Fig.1 Bathymetric map of the EPR between 15° 
and 35° S showing the locations of Pascua expedi- 
tion dredge samples measured here. Dredges 3 
and 4 are on Maddingly Rise'?. Contouring is in 
metres, Solid circles without dredge numbers 
indicate locations of dredges between 18°S and 
22°S discussed in the text. Bathymetry is after 
Mammerickx and Smith". 





105° 
heterogeneities in the ORB source, as the spreading-rates 
between areas of high and low-Sr isotopic variability differ by 
only a factor of two or three. Mixing volumes must differ by 
similar factors unless melt generation and storage are quite 
different in different spreading-rate regimes (for which there is 
no firm evidence). Thus, if this hypothesis is correct, the size of 
the mixing heterogeneities is such that a moderate difference in 
spreading rate (for example, from ~2 cm yr`' for parts of the 
North Atlantic to ~6 cm yr™' for the northern EPR) will result 
in a considerable change (~6x)® in Sr isotopic variability in 
erupted basalts. 

Our data for the basalts dredged between 30 and 34°S are 













Nd Sm “3nid/'4Nd 

9.62 3.50 0,513087 + 18 10.2 
15.9 5.18 0.513089 + 14 10.2 
12.9 4.4) 0:5130904 14 10.2 
11.6 3.95 0.513091 £14 10.2 

8.07 2.90 0.513094414 10.3 

7.15 2.54 0.513089 + 16 10.2 
17.8 6.05 0.513093 + 16 10.3 


The analyses of all samples, from dredge collections made during Pascua expedition of the Scripps Institution of Oceanography, were carried 
Out on tigorously-cleaned fresh hand-picked glass fragments leached briefly in 2 N HCI to ensure that no seawater components remained on the 

urfaces. All concentrations are in p.p.m. Isotopic data are fractionation-corrected to *’Sr/*°Sr = 0.1194 and '“8NdO/'*NdO = 0.242436. Measured 
standard values are: *’Sr/**Sr = 0.71026 for NBS 987 Sr, with a total range of +0.000026, and 'Nd/'*Nd = 0.511859 for the La Jolla Nd standard, 
with a total range of +0.000014. Where statistical errors for an individual 
ię error given corresponds to the observed standard range. A value of '**Nd/'**Nd = 0.512566 corresponds to ey, =0. 
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Fig. 2 Isotopic data for the Pascua expedition dredge samples 

plotted as a function of latitude. Also shown for comparison are 

our unpublished data for a ridge segment of comparable length 

north of Easter Island. Note the striking uniformity of the Pascua 

data, particularly for Nd (expressed in e-units). Details of the 
isotopic measurements are given in Table 1. 


given in Table | and dredge locations are shown in Fig. 1. The 
southern EPR has a complex spreading history”'® with spread- 
ing rates among the highest observed anywhere, ~170 mm yr™! 
(ref. 11). Our samples—all fresh glassy basalts from present-day 
spreading centres—were collected along ~550 km of the EPR 
near its intersection with the Chile Rise. Two of them (PA3-D3D 
and PA3-D4A) are from the Maddingly Rise which forms the 
eastern boundary of the Juan Fernandes microplate'?, and is 
believed to be an active ridge segment (although the spreading 
rate is low) based on earthquake epicentres'°, the freshness of 
the collected basalts and sea-floor magnetics (H. Craig, personal 
communication). North of this region only the EPR has been 
active during the past 9 Myr and fossil portions of an older 
continuation of the Chile Rise occur east of the EPR to a latitude 
of about 10°S’°. 

The isotopic data are shown as a function of latitude in Fig. 
2 together with our unpublished data for basalts from the EPR 
north of Easter Island. The most striking feature of the Pascua 
(southern) results is their very small range of variability for both 
Sr and Nd isotopes: the total range of Nd isotopic composition 
for the seven samples is 0.000007, or 14 p.p.m., only one quarter 
that of our La Jolla Nd standard (Table 1); the Sr isotopic 
variability is larger and is slightly greater than for our Sr stan- 
dard. This may indicate some small but real variability in the 
samples but the range is still very small—less than half that 
observed among. a group of ridge basalts collected along a small 





Table 2 Chemical composition of samples 





DI-F D2-B D3-D D4-A D5-G D7-A D8-D 
SiO, $0.8 49.7 49.9 49.2 49.9 49.5 50.3 
TiO, 1.61 2.28 1.97 1.73 1.42 1.18 2.66 
Al,O, 14.4 13.8 14.5 15.8 15.3 15.2 13.2 
FeO 10.7 12.4 11L 10.3 10.1 9.25 14.1 
MgO 7.12 6.45 6.79 8.23 7.16 8.04 5.62 
MnO 0.24 0.21 0.19 0.19 0.21 0.18 0.23 
CaO 11.7 11.2 11.2 11.4 12.5 12.5 10.2 
Na,O 2.60 2.84 2.84 2.49 2.68 2.34 2.52 
P,0; 0.12 0.19 0.20 0.16 0.11 0.08 0.20 
K,0 0.07 0.13 0.10 0.11 0.07 0.07 0.15 
Sum 99.36 99.20 98.79 99.61 100.05 98.34 99.18 





Microprobe analyses of glass using Smithsonian mineral standards. 
The data are normalized to Juan de Fuca basalt glass VG-2. 











segment (~6 km) of the EPR at 21° N and much less than th 
for basalts from the ridge segment of comparable length north 
of Easter Island (Fig. 2). 

Our data suggest that the upper mantle supplying magmas to 
this segment of the EPR is isotopically homogeneous on a scale 
ranging from less than the volume affected by an individu 
melting event to that of the entire sample region. That these 
samples represent a series of separate magma batches is ii 
cated not only by their wide geographic distribution and location 
on discrete ridge segments separated by transform faults (Fig 
1), but also by the variations in their major element composition: 
(Table 2): two (D2-B and D8-D) are highly fractionated Fe- 
rich lavas, which is also reflected in their high Sm and Nd 
contents (Table 1). However, the variation in Sm/Nd am 
all samples is random and only ~10%. 

Because of the very high spreading rate, it is tempti 
attribute the extreme isotopic uniformity to mixing associat 
with a high rate of magma production—indeed this may pe 
account for the observations. However, the spreading rat 
18-22° S, where samples from a similar length of ridge sho 
much greater isotopic variability (Fig. 2), is only margina 
lower than at 30-34°S (ref. 11) and, although only two of o 
samples come from the slower-spreading Maddingly Rise!”, th 
isotopic compositions are identical to those from the adja 
EPR. Thus, whereas mixing at fast-spreading ridges (EPR) may 
homogeneize isotope distribution in magmas on the scale o 
individual melt batches and so obscure small-scale. mantle 
heterogeneities, it cannot remove regional heterogeneities, This 
is consistent with the data from the 18-22°S segment which 
exhibit a regular trend in isotopic composition (Fig. 2): ‘The 
data for this region suggest that homogenization occurs only on 
a scale <0.5-0.75° latitude (~55-85 km) which, if corroborate 
by more detailed sampling, would constrain the size o 
individual melt batches. 

The isotopic homogeneity of the 30-34°S samples is ex 
tional. Its areal extent cannot be estimated precisely as all th 
samples are from the narrow presently-active spreading cent: 
but, because those from the Maddingley Rise and the EPR 
isotopically indistinguishable, considerable lateral extent is in 
cated. A reasonable areal estimate is 2 x 10° km’; if a conserv 
tive 2-km thick section was generated by 15-20% partial mel 
the volume of isotopically-uniform mantle would be at le: 
2.5x10°km>. The average Nd isotopic composition is sligh 
lower than those we have measured for almost any other portio: 
of the EPR between 21° N and 23° S, with the exception of somi 
transitional and alkali-enriched basalts from the Siqueiros Frac- 
ture Zone (our unpublished results); Sr isotopic ratios are les 
distinct. Thus, our data indicate that there is a large mantl 
region near the intersection of the EPR and the Chile Rise w 
is isotopically uniform to a scale much less than thos 
individual melt batches, but which nevertheless is isotopi 
distinct from other sections of the EPR and that such 
variations in average isotopic composition cannot entirely resul 
from differences in the spreading rate. 

We thank C. Maclsaac, S. Rouze, M. Tanzer and Dr. H. G 
Stosch for assistance in this work, M. Hitchcox for help 
manuscript preparation and H. Craig for supervising the dredg 
ing operations. This work is supported by the NSF throug! 
grant OCE-8209741 and is SIO IG?L Contribution 25; 
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drothermal vents on an axis 
mount of the Juan de Fuca ridge 


Canadian American Seamount Expedition* 





The Juan de Fuca Ridge, a 500-km section of the mid-ocean ridge 
System, is bounded by the Sovanco and Blanco fracture zones’. 
though the ridge spreads at a medium rate (29 mm yr™ half- 
ate)’, a significant portion of its crest has a morphology typical 
yf faster spreading ridges; the axial valley is 1-2 km wide within 
2 central horst structure“. The ridge crest shoals to 1,500 m at the 
intersection with the Cobb—Eickelberg Seamount chain forming 
broad edifice called ‘Axial Seamount’ (Fig. 1). Previous studies 
th north and south of Axial Seamount demonstrated hydrother- 
mal activity associated with the shallowest portions of each of the 
ge segments along the Juan de Fuca*°, a similar coincidence 
noted for the East Pacific Rise’. We report here the results 
the first manned submersible expedition to the Juan de Fuca 
ge, which found hydrothermal activity and at least 14 new vent 
animals in the caldera of Axial Seamount. 
During this joint Canada-US expedition, the Canadian sub- 
nersible Pisces IV completed eight dives with equipment includ- 
ing an externally-mounted stereo camera, a high-temperature 
robe, titanium water-sampling bottles, devices for sample col- 
ection and an observer-held video camera. 
The summit of Axial Seamount is a flat-floored caldera, 
reached at its southern end (Fig. 1). Seamarc I images reveal 
issuring and faulting at the intersection of the northern caldera 
vall and the spreading axis'', the focus of our study, where a 
hermal anomaly has been measured’. North of the study site, 
there were fissures towards the south 2-10 m wide and 1-20 m 
leep, occupying a zone 400 m wide; pelagic sediments were up 
o 20cm thick. The exposed and truncated pillow basalt of the 
caldera wall seemed older than that of the floor. Steep talus 
lopes along its base were overlapped occasionally by sheet 
ws of the floor. The northwestern caldera floor was lightly- 
edimented glassy basalt with areas of older pillow basalt. Drain- 
ack features with relief to 5m were common and included 
collapsed roofs, hollow basalt columns and cavitied and buckled 


The fissures on the caldera wail were replaced by one major 
ssure on the floor (Fig. 2) of ~300-m length, terminated in the 
orth by a talus pile and in the south by a vertical wall beyond 
which no traces of rifting were found. Only the northern 200 m 
of the fissure were hydrothermally active with flows greatest at 
the vents indicated in Fig. 2 where fluids up to 35°C were 
ischarging through mounds of pogonophoran worms. Lower 
mperatures (4-7°C) were measured in cavities of diameter 
m, where hydrothermal precipitates were essentially absent 
nd the fissure basalts showed no obvious alteration. 

East of the fissure (Fig. 2), three chimneys (sulphides and 
ulphates) rose to 12 m; one pagoda-shaped chimney was still 
ng water (measured to 19°C) from lateral flanges and an 
djacent spire, 1.7m high and weighing 160 kg, was collected. 
he pillars were aligned N-S, but no tectonic features connecting 
em with an area of diffuse venting 50m south were found. 
e onlapping nature of the glassy sheet flows at the chimney 
bases and the lack of sulphide debris suggest that the lava flows 
were recent with the major vent fissure being a channel through 
ich the lava may have drained. 

-Sulphates and sulphides around worm tubes give the chimney 
ples a spongy texture. The tubes are partially filled by 
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Fig. 1 NOS Seabeam bathymetry of Axial Seamount and Pisces 
IV study area. Contour interval is 20m with labels in 100m. 
Seamount rises to 1,500 m are compared with flanking ridge axes 
at 2,200-2,700 m. Caldera measuring about 7 km x3 km with a flat 
floor at 1,570 m had a long axis along 340°, oblique to the 020° 
strike of the Juan de Fuca Ridge. The inset illustrates the setting 
of Axial Seamount with respect to the Juan de Fuca Ridge and 
the North American coast. Note the general ridge trend. S= 
Sovanco fracture zone; JdF = Juan de Fuca ridge: B= Blanco 
fracture zone. 


amorphous silica, with barite constituting 80% of the total and 
very low anhydrite, suggesting redissolution (Table 1; ref. 13). 
Zinc sulphide contains galena and intermediate solid solution; 
textures and galena dendrites indicate rapid crystal growth. This 
mineralogy must have been produced by temperatures 
>150°C '*, The chemical analyses (Table 1) are similar to others 
reported from this ridge” with samples tending to be rich in 
zinc and silver and poor in copper. 

Fluid from vent A has an origin similar to that of the 
Galapagos springs where deep primary hydrothermal fluid 
ascends and mixes below the sea floor with local seawater’? 
whose proportion may be increased on sampling: assuming only 
two end members and no magnesium in the primary fluid’, the 
magnesium content (Table 2) suggests the sample is 5% primary 
fluid and 95% seawater. Temperature relationships remain 
uncertain; extrapolation of the 29°C vent temperature gives 
532 °C for the primary fluid, with quartz thermometry giving a 
better estimate’. The [Si], extrapolated to [Mg]=0, is 
18.6 mmol kg™', consistent with a temperature of 300-350 °C. 

In most respects the chemistry is similar to that of other 
vents'*"'®, but the helium-3 enrichment is markedly different. 
Global chemical fluxes can be estimated from the element/He 
systematics of individual vents”. Vent A fluid has a 7He/“He 
ratio of (8.11 +0.15) times atmospheric value, similar to local 
basaltic-glass values (8.22, 8.36). The absolute “He enrichment 
calculated from the measured *He/Ne ratio (assuming Ne 
behaves conservatively) is very high: 580 times the value for 
ait-saturated seawater, in contrast with enrichments of 110 times 
at Galapagos'’ and 135 times at 21° N (ref. 18) normalized to 















Fig. 2 Drawing of the northern caldera wall and floor on Axial 
Seamount. Extensive submersible searches revealed fissuring only 
in a limited zone on the caldera wall. On the floor, the single 
fissure, trending N-S, comprised a series of depressions 15-25 m 
wide, 30-50 m long and 5-20 m deep. Concentrated hydrothermal 
activity was present at three ‘vents’. Hydrothermal flows were found 
east of the fissure on a sulphide chimney and in an area of cracked 
basalts. Inset: The active sulphide chimney was densely populated 
in distinct zonation with respect to the warm water flow. a, Pro- 
tozoan colonies (folliculinid ciliate); b, polynoid polychaetes; c, 
pogonophorans (white tubes); d, limpets stacked one above the 
other in numbers estimated up to 10° on this structure; e, 
pogonophorans and alvinellid polychaetes; f, small gold 
pogonophorans; g, majid crabs observed feeding on the 
pogonophorans. Water flowed from under the ledges at c and e. 
The small spire h was recovered intact. 


the same magnesium concentration. Evidently, *He-heat ratios 
may show sufficient variation to make global flux estimates very 
uncertain. 

The Axial Seamount fluid has higher alkalinity than local 
seawater, its relatively acid pH (6.18 versus 6.65 in an equivalent 
Galapagos fluid), at which iron remains in solution despite the 
high sulphide concentration, results from its high inorganic 
carbon content. The CO, enrichment (40 mmol kg™') is similar 
to that of helium and the source may be magmatic. Alkalinity 
may have been added during subsurface mixing’; in laboratory 
seawater-basalt experiments at 300°C, alkalinities of up to 
1.3.meq kg™' have been generated. 

Dense thickets (4-6 m°) of pogonophorans overgrew major 
vents in the fissure, whereas minor vents were surrounded by 
bacterial mats, small prone pogonophorans and limpets. 
Colonial protozoans and bacterial mats colonized most surfaces 
of the active fissure sections and localized bacterial mats 
delineated areas of diffuse venting south of the sulphide chim- 
~-meys. The density of vent animals on the one active chimney 


was high (Fig, 2). 








Table 1 Composition of chimney rock samples 













Minerals in decreasing order of abundance* 










Major Minor _ Trace 
Barite Wurtzite Galena. 
Amorphous silica Pyrite = Cu-Fe ISS 
Sphaleritet Anhydrite - Tetrahedrite 
Marcasite 







Chemical analysis§ 
Sample $=. 
10.1 
58 
g.l 
06 
15.0. 
0.2 
41.4 
03 


Weight % 








In addition to the small spire, three hand specimens wel a 
retrieved. ; 

* Minerals identified by transmitted and reflected light microsco; 
and X-ray diffraction. (+ Three electron microprobe analyses measure 
elemental quantities by weight: Zn, 61.3%; Fe, 4.6%; Cu, 0.7% % S. 
33.4%. ł Five samples of intermediate solid solution were analysed n, 
1.6% ; Fe, 29.1% ; Cu, 33.5% ; S, 35.8%.) 

§ Bulk chemical analysis. (Methods of analysis: Zn, Fe, Ba, Ca, Si 
by X-ray fluorescence; Cu, Pb, Ag, Cd, Mo, Co, Ni, Mn by: dire 
coupled plasma; CO, by wet chemistry. Sample 1, unoxidized; samy 
2, oxidized.) 




























Table 2 Fluid chemistry 


Vent A 
Component Axial Seamount 
Mg (mmol kg~') 49.39 
(CHe/Ne)/@He/Ne)saa 580 
Si (mmol kg™')} 1.10 
Cl (mmol kg~') 531.9 
Ca (mmol kg™') 11.06 
SO, (mmol kg~') 25.94 
pH 6.18 
Alk (meq kg™') 2.66 
EC (mmol kg™') 4,32 
Fe (pmol kg™') 2.6 
HS (pmol kg!) 330 
Mn (pmol kg™'} 27.7 
Li (umol kg™') 58.0 
Rb (umol kg™') 4.4 ; 
Ba (umol kg™') 131 : 
Sr (umol kg™') 9243 z; 
memmen. 


Fourteen new vent metazoans were recovered in three 
samples. The pogonophoran (length <1.5 m, diameter <2 cm. 
is a new vestimentiferan taxon (M. L. Jones, personal communi- 
cation). Ultrastructural analyses have confirmed that the bacter 
in the trophosomal tissues are definitely intracellular”. 
alvinellid polychaetes are new species in the 
Paralvinella*'; the only animal described from tropical 
an ampharetid polychaete species, Amphisamytha 
galapagensis”. Other new species include two polynoid poly- 
chaetes (D. Weston, personal communication), three gastropods. 
in new subfamilies under description (J. McLean, personal 
communication) and a copepod from the pogonophoran tubes” 
a few tiny bivalves seem to be related to clam and mussel families 







































om ther vents ts (F. Bernard, Seana: communication); a ven 


ion on the periphery of the vents, are known deep-water 
species. More extensive descriptions of the Axial Seamount 
organisms can be found elsewhere” 

_ Large quantities of mucus bound the pogonophoran tubes 
ether and provided habitat for many small organisms. The 
mucus, containing predominantly bacterial filaments but also 
coccoid bacteria (0.5-1.0 um in diameter), fragmented alvinellid 
tubes, diatom frustules and basalt fragments, was intimately 
associated with alvinellid polychaetes and may be produced by 
m. The mucus was incubated on board ship in filtered vent 
bes with NaH'*CO, to detect dark-CO, fixation. The measured 
te of CO, incorporation (86.3 mg-C kg-dry wt”! day”'; n =6, 
d. =23.4) suggests that these bacteria are significant primary 
ducers. The rate of CO, fixation by bacteria in the same 
emitted vent water collected for chemical analyses gave a value 
2.42 mg-C m° day! » which i is in the range measured in waters 
of the Galapagos vents” . Presence of thiosulphate at ! mM 
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increased co, incorporation to 3.7 mg-C m“ day ` and, at 
10 mM, the rate was 4.4 mg-C m° day~'. This response indicates 
that sulphide-oxidizing bacteria were active in the vent water. 
Bacterial cell numbers, counted by epifluorescent microscopy, 
were 3.5 x 10‘ cells cm”, significantly lower than those reported 
for Galapagos vent waters**” 

The unique features of Juan de Fuca hydrothermal systems 
will be investigated further with data from the expedition to the 
ridge in the summer of 1984. 

We thank Al Witcombe and the crew of the Pisces IV; Captain 
S. Gulati and the crew of MV Pandora II; Karen Lamphere of 
Oceano Systems for help in navigation; Fisheries and Oceans 
Canada and Energy, Mines and Resources Canada for financial 
and logistical support; NOAA for providing preliminary ver- 
sions of Seabeam and Seamarc I coverage. Canadian authors 
were supported in part by NSERC and American authors by 
NSF grants OCE 81-17049, OCE 81-11713 and OCE 81-00980. 
We also thank Tony Fitch, Pat Shaw, Dick Tripp, John Edmond, 
Roy Hyndman and Harmon Craig. 


12. Crane, K. et al J. geaphys, Res. (in the press}. 

13. Holland, H. D. & Malinin, S. D. Geochemistry of Hydrothermal Ore Deposits 2nd edn, 
461-508 {Wiley- Interscience, New York, 1979), 

14. Koski, R. A., Clague, D. A. & Oudin, E. Bull. geol Soc. Am. 98, 930-945 (1984). 

15, Edmond, J. M., von Damm, K. L, McDufi, R. E. & Measures, C. 1. Nature 297, 187-191 
(1982) 

16. Edmond, J, M. et al Earth planet. Sci, Leti 46, 1-18 (1979). 

17. Jenkins, W. J., Edmond, J. M. & Corliss, J. B. Nature 272, 156-158 (1978), 

18. Craig, H. & Lupton, J. E. in The Sea Vol. 7 (ed. Emiliani, C.) 391-428 (Wiley, New York, 
1981). 

19. McDuff, R. E. & Edmond, J. M., Earth planet. Sci, Lett. 57, {17-132 (1982). 

20. Tunnicliffe, V., Juniper, S. K, & de Burgh, M. E. Bull. biol, Soc. Wash, (in the press). 

21, Desbruyeres, D., & Laubier, L. Proc. biol, Soc. Wash, 95, 484-494 (1982). 

22. Zottoli, R. Prec. biel, Soc. Wash, 96, 379-391 (1983). 

23. Humes, A. Can. J. Zool (in the press}. 

24. Tuttle, J. H., Wirsten, C. O. & Jannasch, H. W. Mar. Biol, 73, 293-299 (1983). 

25. Corliss, J. B. ef al. Science 203, 1073-1083 (1979). 










































groundwater source of 
nitrate in nearshore marine sediments 
Douglas G. Capone & Mark F. Bautista 
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ontamination of groundwater is a pervasive and serious problem 
n many developed coastal areas'~*, but potential interactions of 
groundwaters with, and their impact on, adjoining coastal waters 
have generally not been considered. Although submarine ground- 
vater discharge could be an important source of nitrogen to coastal 
arine environments’, there has been no direct evidence for this. 
ntly, subsurface ‘discharge has been shown to account for 
at 10-20%.of the freshwater input to Great South Bay, New 
ərk”. The upper aquifer is the presumed source of this discharge 
id, because it is heavily contaminated with nitrate’, we suggest 
roundwater is an important source of nitrate to the bay. Our 
leterminations of the interstitial nutrient chemistry of freshly 
ted cores from nearshore sediments support this hypothesis. 
Ithough highly variable in time, cores taken after substantial 
rainfall showed increasing nitrate concentrations and decreasing 
salinities with depth. We conclude that submarine groundwater 
discharge i is indeed a source of nitrate which should be considered 
in estimates of nitrogen influx to coastal marine ecosystems. 
Pore-water nutrient profiles were determined in Great South 
ay, New York, at a site off Roe Avenue, near Patchogue, Long 
Island. The water depth was ~I m at this site, which was sandy 
with sparse eelgrass beds; high rates of submarine groundwater 
_ discharge, typically 10-501 m7? day”', have been recorded there 
and elsewhere in nearshore sediments of Great South Bay” 
Core. samples taken on 3 December 1982 showed slight 
decreases i in salinity and concomitant increases in nitrate below 
20 Fig. La), but those taken on 16 December 1982 (Fig. 1b) 


had a more typical profile for a marine sediment: salinity was 
uniform with depth, whereas ammonium increased and nitrate 
decreased. However, on 18 and 20 April and 10 May 1983 (Fig. 
le, d and e), there were substantial decreases in salinity with 
depth and, for marine sediments, very high concentrations of 
nitrate through the whole sediment column indicating, together 
with the submarine groundwater discharge data7, a highly 
dynamic and variable situation. An exponential decrease in 
groundwater discharge rates with increasing distance from the 
shore has been reported®’. We therefore took several offshore 
transects of interstitial nitrate after periods of substantial rainfall 
(Fig. 2); lowest salinities and highest nitrates occurred in 
samples closest to shore. 

An anoxic zone with sulphate reduction between 5 and 10 cm 
was always noted in our core samples (unpublished data) and 
active nitrification above it, possibly accounting for some of 
the anomalies in the profiles of nitrate and ammonium above 
5 cm (for example, the nitrate minimum and sharp increase near 
the surface, Fig. Ic). For each of the samples, mean nitrate and 
salinity were therefore compared for depths below 15 cm and 
were well correlated (Fig. 3). The median concentration of 
nitrate in the upper glacial aquifer in Suffolk County between 
1972 and 1976 was ~100 pM? which agrees well with the esti- 
mate of 66 uM at zero salinity calculated from the regression 
line of Fig. 3. 

The rate of submarine groundwater discharge is a function 
of the hydraulic gradient” maintained by rainfall and heavy 
rain causes rapid rate increases’. Mean nitrate and salinity 
(15-40 cm) were plotted also against the rainfall preceding the 
date of sampling. Although there was no obvious correlation 
with precipitation over the 3 or 10-day periods before sampling, 
good correlations were obtained between interstitial nitrate or 
salinity and rainfall when considering the 30-day integrated 
rainfall (Fig. 4), a further indication that nitrate is indeed impor- 
ted by the groundwater. 

Combined nitrogen, which regulates algal growth and produc- 
tivity in many marine environments”'’, enters coastal waters. 















aes ae g 
3 Dac 1982 
(n3) 10 
20 
30 
| ke 


o 


] 
F PA 
0 Mn Je 
- IN, a i 

















Depth in sediments (cm) 


























30 40 


Fig. 1 Distributions of salinity, ammonium and nitrate in sedi- 
ments of the site off Roe Avenue. All samples were collected using 
clear plastic core tubes of 5.6 cm internal diameter. In the labora- 
tory, four to six 5-cm sections were taken from several horizons 
of each core and pore waters were collected by centrifuging through 
Delrin pore water separating bottles (B. Brinkhuis, patent pending) 
at 2,500 r.p.m. for 30 min. Salinity profiles were determined from 
the pore waters of cores with a Goldberg refractometer. Nutrients 
(NO3, NO, and NHZ) were analysed by standard methods’! 
adapted for the Technicon Autoanalyzer™. Results, except those 
for 16 December, are the means from 3 cores + standard error. 


through several recognized routes, including riverine flow, runoff 
and industrial and domestic sewage discharge, all obvious and 


measured sources of particulate and dissolved nitrogen'®). 


However, groundwater importation has not been evaluated in 
-most studies aimed at budgeting nitrogen inputs to coastal 
waters, probably because the areal extent and volume discharge 
of groundwater in coastal areas is generally small compared 
with other fresh water inputs’*. Also, in the past, this form of 
transport of nitrogenous solutes was probably minor as the 
extreme concentrations reached in some aquifers is only a recent 
phenomenon”, forcing us to reconsider the potential import- 
ance of submarine groundwater discharge of nitrate associated 
with population growth, urbanization and increased use of coas- 
tal areas. 

Submarine groundwater seepage should occur in any coastal 
area with an adjacent landward aquifer and has been seen along 
the continental slope of the eastern United States? and the 
coasts of Florida’*, North Carolina, Long Island™ and 
Western Australia*. The general importance of groundwater 
importation of nitrogen in any location depends on rainfall, soil 
permeability, water-table height and contaminant concentra- 
tion®*. Using hydrologic models, Johannes‘ estimated that 50% 
of the nitrogen input into the coastal area of Perth, Australia, 
resulted probably from submarine groundwater discharge; 


-- several other recent studies provide indirect evidence that. 
“groundwater may be an important nutrient source in several 
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Fig. 2 Interstitial salinity, ammonium and nitrate of a transe 
at Roe Avenue site taken on 22 September 1983. Procedures; as 
Fig. 1. ; 
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Fig. 3 Correlation of interstitial nitrate with salinity. Values 
nitrate and salinity are means.in the range 15-40 cm for five con 
samples from Fig. 1. 


lakes'*'* 


Jamaica”® 

Very high rates of phytoplanktonic productivity are found 
the Great South Bay”! where nitrogen is the primary limi 
nutrient’. Previous estimates of new inputs of nitrogen to tl 
bay, through runoff and stream flow, appear small in the li 
of total demands” but, using Bokuniewicz’s’ estimate of average 
daily discharge of groundwater into the bay and assuming 10 uA 
nitrate near the sediment/water interface, we calculate th 
groundwater discharge could account for =>20% of the estimate 
for nitrogen input by runoff’, the other major source of new 
nitrogen to this lagoon. 

The microbiota of shallow coastal sediments are intimate 
involved in nitrogen cycling in adjacent waters, receiving and 
metabolizing the rain of organic detritus and regenerating and 
recycling inorganic nutrients™. The efflux of nutrients from 


3 as well as along the coasts of Massachusetts"? and 


_ sediments often supports a large fraction of the algal production 


in overlying waters**. As well as contributing directly to observed 
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Fig. 4 Correlation of mean interstitial nitrate and salinity (15- 
_ 40.cm) with rainfall over the previous 30 days. Climatological data 
for Long Island from the meteorological group of Brookhaven 
‘National Laboratories, Rainfall in central Brookhaven township 
was 3.9 inches (9.8 cm) for November 1982, 2.4 inches (6.1 cm) in 
December 1982, 11.1 inches (28.2 cm) in April 1983 and 4 inches 
(10.2 cm) in May 1983. 


trient fluxes, groundwater nitrate permeating through the 
-diments may be dissimilated to ammonium, an important route 
-nitrate consumption in anoxic marine sediments which 
ccounts for 20-80% of the nitrate flux***°. It is probable that 
‘of the ammonium efflux observed at our site” arises from 
rate dissimilation in the anoxic zone and, as such, contributes 
flew, as opposed to recycled, input to the bay”? 
_Nitrate-enriched groundwater effusion through shallow sedi- 
ients also may have direct effects on the nature of microbial 
activities in those sediments; bacterial denitrification, the res- 
iratory reduction of nitrate to gaseous nitrogen (N, or N,O)**, 
has been documented in various coastal sedimentary environ- 
ments?>**, Denitrification is usually of little consequence in the 
anaerobic, heterotropic consumption of organic carbon because 
of the low NO; concentration in anoxic sediments”’. The poten- 
tial energy gain in coupling NO; reduction to carbon oxidation 
is considerably greater than that derived from SO} reduc- 
tion?*”’, the if ainan respiratory mode of anaerobic marine 
sediments’’”°. It is therefore possible that in regions subjected 
to persistent nitrate-enriched groundwater flow, denitrification 
ould attain quantitative significance with respect to carbon 
ing and stimulated denitrification would serve also to miti- 
ge the effect of groundwater discharge on algal growth in 
lying waters. Indeed, in preliminary experiments, we find 
ittification in the lower portions of these sediments is 
versely correlated with sulphate reduction, correlated with 
itrate and apparently limited by the availability of organic 
bstrates. 
In-addition to high levels of inorganic nitrogen, groundwaters 
are often contaminated by a spectrum of synthetic organic and 
etal pollutants”’. Hence the identification of nitrate derived 
om groundwaters in coastal sediments suggests this as an 
additional route that must also be considered for transfer of 
persistent metal and organic pollutants to marine ecosystems. 
Although submarine groundwater discharge as a source of 
new nitrogen to coastal marine ecosystems has been suggested, 
_it-has been neither generally recognized* nor directly measured 
before; the data described here are the first substantive evidence 
for this phenomenon in a nearshore coastal environment. We 
believe that the discharge of nitrate-enriched groundwater 
through coastal sediments has important implications in coastal 
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A decline in the total and per-family extinction rate of marine 
families'* during the Phanerozoic has been attributed to progress- 
ive improvements in the ecological properties of species. We believe 
this is not necessarily the case and suggest that the lower family 
extinction rates may reflect increases.in the number of species per 
family, on the geological time scale, with higher species/family 
ratios being an inevitable consequence of the increase in species 
richness’ and the geometry of the branching evolutionary tree‘. 
Because species-rich families are more likely to survive the 
stochastically constant background probabilities of species extinc- 
tion, the biosphere has gradually accumulated species-rich clades 
and the total and per-family rates of extinction have consequently 
declined. 

A new compilation of the stratigraphic ranges of fossil groups? 
has permitted detailed analyses of total’ and per-family’ extinc- 
tion rates of Phanerozoic families of marine metazoans, which 
show a statistically significant decline in familial extinction. 
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Fig. 1 Diversification of skeletonized marine organisms during 

the Phanerozoic. Curves show the average number of families’® 

(dashed line) and approximate number of species!’ (solid line). 

Cm, Cambrian; O, Ordovician; S, Silurian; D, Devonian; C, 

Carboniferous; P, Permian; Tr, Triassic; J, Jurassic; K, 
Cretaceous; T, Tertiary. 


during most of the Phanerozoic. Speculation that this trend 
represents an increase in the average species fitness on the 
evolutionary time scale is ostensibly opposed by the existence 
of two distinct episodes of declining background extinction, 
defined by Van Valen? (Vendian-early Permian and late Per- 
mian- Neogene), who has proposed instead that the trend resul- 
ted from minimizing the growth of ecological interference. 
Whereas the fitness model would require that the ‘fitter’ species 
of the Permian be selectively exterminated, the Permo-Triassic 
extinctions would, in Van Valen’s view, serve only to “reset the 
clock of community evolution”. 

Extrapolation of such microevolutionary hypotheses to the 
grand temporal sweep of the fossil record and to higher taxa is 
attractive but may not be required by the data. The branching 
of the evolutionary process imposes a taxonomic hierarchy on 
the history of life, at the higher levels of which evolutionary 
phenomena may result from properties not affecting the fate of 
individual species. It is, therefore, appropriate to use this 
hierarchy in the study of evolutionary patterns. 

Palaeontological species counts, although ideal for analyses 
of taxonomic rates of evolution, are generally unreliable. Typi- 
cally, numbers of families are used often with the implicit 
assumption that they track numbers of species without any 
significant bias. However, there is a variety of palaeontological 
and neontological evidence that familial diversity does not 
increase in direct proportion to species diversity (Fig. 1) which 
has profound consequences for the analysis of evolutionary 
patterns above the species level. 

The post-Silurian Palaeozoic record reveals a regular increase 
in.the number of species per family. The post-Palaeozoic change 
in taxonomic structure is dramatic, with the increase in species 
richness exceeding the level of family diversification by a factor 
of three (that is, species richness has increased 7-fold but family 
richness only 2.3-fold). Valentine®, having independently noted 
marked increases in the number of genera per family during the 
“Phanerozoic (especially. so during the Cretaceous and 
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Cenozoic), has estimated that the late Phanerozoic increase 
species richness outpaced the family diversification by a facto! 
of five. Furthermore, Raup” has reported that the species-fami 
ratio of post-Palaeozoic echinoids has increased, even when th 
effects of differing species richness within each time interve 
have been removed (through rarefaction). 
The behaviour of species-family ratios in extant faunas al: 
supports our argument that the taxonomic structure of the glob 
biota changed during the Phanerozoic. Sampling studies demon- 
strate that, although the initial increase in species numbers 
matched by an increase in the number of families, the rate | 
increase of family diversity eventually declines despite the add 
tion of new species", which is simply a consequence of the 
‘hollow curve’ in the distribution of species within higher taxa 
Among island biotas, for example, the species-family ratio 
increases for progressively more species-rich samples! 
Increasing diversification during the Phanerozoic’ thus sugg 
a change in the average species-family ratio since the Precar 
brian. 
Because families with many species will resist stochast: 
extinction better than families with only a few species" >}? any 
long-term shift in the taxonomic structure of the global biota 
will have far-reaching macroevolutionary effects. Figure shov 
that post-Triassic species diversification caused a progressive 
increase in species- family ratios, resulting in faunas composed 
increasingly of species-rich families that would be relatiy 
resistant to the stochastically constant probabilities of species 
extinctions that may typify periods of background extincti 
A progressive decline in familial extinction rates and pro 
abilities would be inevitable. Sharp increases in species-fami 
ratios are not as apparent in the Palaeozoic record and. 
decline in extinction rates then may be caused by other factor: 
However, the quality of the fossil record, „particularly at tk 
species level, decreases with increasing age® and accurate e 
mates of these ratios may be difficult to obtain. : 
A quantitative assessment of the effects of changing taxono 
structure is frustrated by problems of time series, data select 
and data arrangements. The Phanerozoic decline in background 
extinction rates (excluding the five major mass extinction 
explains only 22% of the total variation’. When the two-stage 
decline in probabilities is considered, r? values range from 0.56 
to 0.60 (ref. 2). These values, however, are based on analyses 
that include mass extinctions, which, in conjunction with the 
ad hoc partitioning of data points, may have resulted in ‘inflate 
coefficients of determination. 
We do not wish to use these arguments to claim that there 
has definitely been no ‘improvement’ in species qualities; 
suggest only that the extant analyses of familial extinctions 
provide insufficient evidence for any improvement. The tren 
cannot be regarded as mere artefacts of taxonomic structu 
because species richness may well be a clade property contrib 
ing to macroevolutionary survival during the intervals free 
mass extinctions. The overall trend of declining backgrou 
extinction persists despite several episodes of mass extinctio 
during which species-rich families apparently lose their relatin 
resilience'*, which suggests that mass extinctions do not com- 
pletely reset the macroevolutionary clock: some species-ric! 
families do indeed persist, allowing the marine biota to continue 
to accumulate taxa resistant to the effects of background specie 
extinction. Thus, we conclude that the global biota owes i 
present composition to a complex interaction of mass and bac 
ground extinctions and, because the effects of species extinctiot 
on the evolution of higher taxa vary according to the biota 
changing taxonomic structure’, a hierarchical approach to: the 
analysis of macroevolutionary rates is required. 
K.W.F thanks the Alexander von Humboldt Foundation. for 
support and D.J. thanks the NSF for grant EAR 81-21212. We 
also thank A. Hoffman, S. M. Kidwell, R. Marlow and W.- 
Reif for comments. 
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e swimming direction of algal cells can be guided so that the 
lls are focused into a concentrated beam. This directed locomo- 
ion, or taxis, results from the orientation of the cells’ axes by 
mpensating gravitational and viscous torques. It is named 

otaxis because of this origin. Gyrotaxis includes rheotaxis', 
ich is concerned with orientation and locomotion of elongated 
rganisms, especially spermatozoa, in fluids with a velocity 
ent. I present here a simplified theory of gyrotaxis, together 
ith experimental evidence. A geometrical arrangement is shown 
snd the effect can be made the basis of a new method for 
centrating and separating motile cells. Unlike standard con- 
tration/separation techniques, the gyrotactic method requires 
active participation of the cells and can, in principle, distinguish 
ig them on the basis of morphology and swimming behaviour. 
also discuss the role of gyrotaxis in the maintenance of naturally 
curring descending streams of celis and in bioconvection pat- 


B flagellated cells such as Chlamydomonas or Dunaliella are 
‘oidal. They are shown in Fig. 1 as an idealized sphere of 
idius’a. The flagella are anterior. Their back and forth move- 
ent produces a jerky breaststroke’* with mean speed. v,< 


: Fig. 1 Idealized spherical algal cell and relative fluid velocity 
(rj. The angle @ increases counterclockwise. The stippling rep- 


eentre-of-mass.(c.m.) relative to the geometrical centre +. The 
lagella f propel the cell along AA with velocity v. The force of 
ity produces a Sock wise torque mgL sin 6 around +. 








Fig. 2 Apparatus for demonstrating gyrotactic focusing. Vertical 
cylindrical tubes are connected by a horizontal section, so that 
cell-containing fluid flows with velocity distribution u,(r) in both 
tubes, downwards on the left, upwards on the right. c, The cells’ 
locomotion relative to u,(r) is indicated by small arrows attached 
to spheres which represent cells. The cells swim towards the axis 
in the downwards stream and towards the periphery in the upwards 
one. t, Focusing cell trajectories in the laboratory system. Schematic 
conversion of the apparatus to a gyrotactic separation spectrometer 
is accomplished by a cut and closure at S. Some incoming radially- 
uniform concentration of cells n,, are focused to the concentration 
Ngoc and extracted by an axial pipe. The remaining cells, nour, 
are extracted downstream. 


200 um s~', The cell radius is 3-5 pm, the density for typical 
algal cells is 5-10% greater than that of the aqueous medium 
in which they swim. Relative to the centre of buoyancy or drag 
of the cell, the centre of gravity is displaced backwards by the 
vector L. The displacement L is due to the posterior location 
of relatively heavy organelles such as the chloroplast. The 
colinear placement of L and the swimming velocity v on the 
cell axis AA is approximate. The magnitude of L was estimated 
by microscopic observation of the rotation immobilized cells of 
D. tertiolecta suspended in fluid of the same density as the cells, 
to prevent sedimentation. L was found to vary from | to 5% of 
the mean cell radius, a. When the cells were allowed to sediment, 
in pure water, the drag of the rigid flagella increased the rate 
of reorientation by as little as a few % and as much as a factor 
of two, If this sedimentation reorientation? occurs in swimming 
cells, it contributes to the effective magnitude of L. Thus, as a 
result of the cells’ asymmetry, the force of gravity exerts a torque 
Lxg=@megL sin 6, clockwise in the case illustrated in Fig. 1, 
where g = —g2, 6 = 2 xf, and (F, ĝ, 7) are unit vectors. 

A body immersed in a streaming fluid experiences hydrady- 
namic torque® due to the spatial variation of the fluid velocity 
u(r). The hydrodynamic and gravitational torques on a sphere 
sum to 


T =87 p a`'[(V Xu)/2-@]+mLxg 0) 


where @ is the angular velocity of the sphere, V xu is the 
vorticity, and u is the viscosity. Nonspherical bodies experience 
an additional torque due to the rate-of-strain tensor. For swim- 
ming cells, there is also a time-varying factor due to the moving 
flagella. These additional torques will be ignored in the present 
elementary treatment. 

In the absence of directed locomotion such as phototaxis, 
equation (1) specifies the orientation of the axis AA and, because 
the cells swim, of their trajectories relative to the velocity field 
u(r). Due to the small Reynolds number, components of v 
initially orthogonal to V <a are rapidly damped away. Setting 
T = 0, equation (1) yields a time-independent cell orientation @ 
for constant and sufficiently small vorticity. When u= u(r}Z, the 
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Fig.3 Demonstration of gyrotactic focusing. Fluid containing the 
algae Chlamydomonas nivalis flows downwards at the left, upwards 
at the right, as in Fig. 2, causing cells to accumulate axially and 
peripherally, as predicted. Because the cells’ density is greater than 
the fluid’s, high concentration cell accumulations sink. The right- 
hand side shows the peripherally-sinking plumes, which are nar- 
rowed by gyrotactic focusing in their self-generated velocity profile. 
The cell concentration before focusing is ~10° cells cm™*, uy ~ 
0.1 cm s™', 2R = 1.25 cm = inside diameter of tubes. 


static torque balance gives 
sin 8 =(B/v.)(V Xp), (2) 


where the gyrotactic length 8 = 47a°v,/mgL includes all the 
parameters describing the cells’ motion. For a=4ym, v= 
200 pms”? and L=0.03a, B =0.05 cm. 

For vertically downward Poiseuille flow of the cell-containing 
fluid in a cylinder of radius R, u(r) =—uo(1—7°/R?)Z and, 
therefore, v. sin 0 = 2ugrB/R*. Because the stable orientation 
occurs for 0< @ < 7/2, the cell velocity in the laboratory refer- 
ence frame is 


c=- (vesin 0)? +[v, cos 6 — ull — r°/ R*)]2 (3) 


The cells swim towards the axis of the cylinder, across the 
streamlines of the flow, the vorticity and the acceleration of 
gravity, a behaviour which is indeed observed. Equation (3) 
neglects sedimentation because that velocity is much smaller 
than v. or up in the situations considered. The time constant for 
radial influx is r= R?/2u)8. The development of a centrally- 
focused column of cells in a downward flow characterized by 
R =0.6 cm, up = 0.1 cm s™' occurred within 5-10 cm, which cor- 
responds, as one would predict, to a distance of ~2ugt. 

When cells which normally exhibit gyrotactic focusing were 
killed with a small amount of tincture of iodine, there was no 
radial accumulation. Furthermore, live cells which do not swim, 
such as Chlorella, also do not focus. A more revealing con- 
sistency check which tests the fundamental symmetry of the 
theory uses an upwards Poiseuille flow. Cell-containing fluid 
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flowed downwards in one leg of a U-tube, as in Fig. 2, and 
upwards, at the same rate, in the other. For the upwards flow, 
the sign of up is opposite to that for downflow, and hence V x 
and sin @ also reverse sign. In the upwards flow, cells should, 
therefore, move away from the axis and accumulate at the 
periphery of the cylinder. This behaviour is observed and sho 
in Fig. 3. The demonstration that reversal of u with respect t 
g changes the sign of gyrotaxis proves the theory and eliminates 
the possibility that the effect is a general consequence of fi 
suspended motile organisms through an- arbitrari 
pipe. 





to yield cell trajectories. From these trajectoria: 
steady-state cell conservation equation 


ate 1 2 (pn Ste) | 


oz ror 
n(r, 2) 
No 


where no is the cell concentration entering at z =0, and n(r, z 
is the downstream concentration. If, in equation (4), a diffusiv 
term ~—Dan/dr, which idealizes random-cell swimming com 
ponents or cell-cell collisions, is added to the gyrotactic cell 
flux, one obtains 


n(r) = constant x exp — (Bugr?/ DR?) (6) 


as 4B|z|/ R?» 1. Equations (4)-(6) assume, for simplicity, thi 
the cos @ term in equation (3) can be ignored, that is v.« Uo: 

Equations (5) and (6) determine the design of an apparatu 
for concentrating cells and separating them from each other o 
the basis of morphology and motile behaviour, that is, on th 
spectrum of 8 and D. Figure 2 illustrates the apparatus, calle 
a gyrotactic separation spectrometer. Cells contained in a cultur 
which flows down the left part of the U-tube, or a separat 
single vertical tube, are centrally concentrated at a rate which. 
depends on 8 and D. The focused concentration, ngoc, is 
extracted near the tube axis and thereby separated from th 
unfocused cells which descend near the tube’s periphery. 
gyrotactic separation spectrometer has been built and used-to. 
separate Chlamydomonas from Chlorella and cold-stressed C. 
reinhardii CW 15, which exhibit motility defects, from simil: 
cells which are normal. These experiments, carried out with thi 
cooperation of G. J. Morris and N. C. Pennick, will be describe 
more fully elsewhere. Initial cell concentrations ny ranged fro: 
10* to 10’ cells cm™*. Focal concentrations up to 8.7 times n 
were achieved in one pass through the apparatus. 

The gyrotactic phenomenology and theory described so far 
have ignored the modification of local average fluid density by 
the presence of the cells. The excess density due to a concentra 
tion n of cells having volume W and density Ap higher than 
the peni ag medium’s is WnAp. For example, foron 
10’ cm”, W= 107° cm? and Ap = 0.1 g cm”, the excess densit 
is 107* g cm Hey sufficient to produce a substantial sinking velocity 
of a cell cluster. A sinking region produces a fluid velocity fiel 
which guides further gyrotactic accumulation transversely int 
it. This positive feedback, or cooperative self accumulation, 
generates or maintains the sharply focused coherent descending 
plumes of cells frequently observed in dense algal cultures. The 
effect may occur in nature, during algal blooms, and it may b 
observed in the vertical U tube shown in Fig. 3. The cells which 
have accumulated at the periphery of the up-flow spontaneously. 
form sinking plumes. The focused beam of cells in the down 
flowing stream is actually sinking at a greater rate than up, due 
to its excess weight. The self-accumulation effect is associated” 
with a characteristic instability which shows up in Fig. 3 asa 
series of bulbous expansions of the beam of algae. The instability 
is insignificant at the lower n, values employed in the gyrotactic 
separations cited above. 





one can show that 


_ 4B n(r, z) A 
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or in the generation of regular patterns of fluid convection 
nd cell concentration enhancement observed in concentrated 
gal cultures’. It had been thought? that these patterns were 
mtirely caused by the generation of adverse density gradients 
ue to the up-swimming of the cells. The importance of gyrotaxis 
the maintenance of steady patterns can be inferred from the 
characteristic appearance of vertical plumes of cell concentra- 
ion at the bottom of a culture, but with no connection of these 
lumes to the upper regions of the cell-containing fluid. Note 
at it has so far not been possible to achieve gyrotactic focusing 
f Tetrahymena pyriformis, one of the principal organisms con- 
idered® in the ‘old theory’ of pattern formation. Therefore, the 
ld. theory is probably entirely applicable to that case, and 
assibly to ciliates generally. 
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‘esearch was supported by the University of Arizona Founda- 
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0. INT-8302372). I especially thank J. R. Baker, G. K. Batchelor 
and A. R. Kassander for encouragement and illuminating com- 
ents, J. P. Cann, R. W. Hoshaw, E. A. Leeson, P. A. Linden, 
. J. Morris and N. C. Pennick for help with the cell cultures, 
D. C. Cheesley, D. Lipman and E. J. Sharp, who helped design 
and build the apparatus, J. E. Simpson for help with the photo- 
phy, and T. J. Pedley for many discussions. 
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factors complicate the analysis of scaling relationships 
between neonatal size or gestation period and maternal size in 
nmals: (1) a fundamental distinction between species with 
rly-developed (altricial) neonates and those with well-developed 
recocial) neonates; (2) interaction between all three variables. 
ye show here that altricial and precocial mammals can be clearly 
istinguished by gestation period relative to maternal weight. 
arate analysis of the three variables for altricial and precocial 
ammals yields more appropriate allometric formulae which can 
turn be related to a standard fetal growth formula derived from 
ingle-species studies. Hence, an overall equation can be derived 
across species which links neonatal weight to a combined function 
of gestation period and a fetal growth parameter. The latter, which 
provides a measure of maternal investment, is a constant for each 
species but varies allometrically with maternal weight across 
jes’; Analysis of the fetal growth parameter across species 
ows that altricial mammals generally have a higher maternal 
investment for a given gestation period and maternal weight than 
precocial mammals. 


je buoyant convection due to gyrotaxis is an important 


Studies of fetal development as a function of time in individual 
mammal species’ have yielded the following standard fetal 
growth formula; this can be derived theoretically’ and has 
received strong empirical confirmation: 


W = a(t—fh)° (1) 


where W is fetal weight at gestational age t, f is the ‘lag’ phase 
following conception and a is the Specific fetal growth velocity. 
As noted by Payne and Wheeler’, this formula automatically 
yields the following relationship betw een neonatal weight ( Wyn) 
and gestation period (G): 


Wy = a(G~ ty)? (2) 


Because fọ is small relative to G and can be regarded as an 
approximately constant proportion of G (estimated at ~20% y, 
this equation can be simplified for comparative purposes to: 


=a'G (3) 


where a’ is the approximated fetal growth factor. Although some 
degree of size-dependency of tọ has been reported‘, this does 
not significantly affect the following calculations. 

In an entirely different approach, involving comparisons 
across species, neonatal weight (Wn) has been related to 
maternal weight (W,,) by empirical allometric formulae of the 
type 


Wy = kw (4) 


where k is the neonatal scaling coefficient and a the neonatal 
scaling exponent. Some authors have calculated Wy as the 
individual neonate weight, whereas others have calculated it as 
the total litter mass (that is, individual neonate weight x average 
litter size). For large samples of placental mammal species, the 
scaling exponent for individual neonate weight has been repor- 
ted''-'? as 0.89-0.94 and the exponent for total litter mass™ ®t! -14 
as 0.77-0.84. As equations (1), (2) and (3), derived from fetal 
growth studies, relate to individual neonate weight, only this 
parameter will be considered here. 

In the second interspecific approach, several authors!?!*-!8 
have studied the scaling relationship between gestation period 
and maternal body weight, deriving empirical allometric 
equations of the following form: 


G=cwk, (5) 


where ¢ is the allometric coefficient and £ the scaling exponent. 
In this case, observed values of the scaling exponent (8) are 
typically quite low. For placental mammals overall, a value of 
approximately 0.25 has been reported'*'*, whereas for 
individual orders of mammals a still lower value of about 0.15 
has been reported®'!*!7, 

Both interspecific scaling formulae cited (equations (4) and 
(5)) have two limitations. First, the simple bivariate approach 
cannot take account of the complex interaction between Wy, 
G and Wy. For instance, it is likely that for a given value of 
G, the weight of the neonate ( Wy) is likely to depend, at least 
to some extent, on maternal body size (Wa). Second, it is 
essential to take into account the state of the neonate at birth 
because, other things being equal, a poorly-developed neonate 
should require a shorter gestation period than a well-developed 
neonate. Many studies, notably those of Portmann’, have shown 
that the neonates of placental mammals fall clearly into two 
categories: altricial (poorly-developed offspring with eyes and 
ears closed at birth, virtually no hair on the body and typically 
born in multiple litters) and precocial (well-developed offspring 
with eyes and ears open at or soon after birth, hair coat well 
developed, typically born as singletons). Most orders of mam- 
mals are characterized by a single type of neonate; insectivores, 
rodents and carnivores generally have altricial offspring, while- 
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Table 1! Results of bivariate allometric analyses 









Gestation period Neonatal weight Fetal growth factor . 
vs. vs. vs. 
maternal weight maternal weight maternal weight 










Group n B 95% cl. r n a 95% c.l. r n Yy 95% ob 


Complete sample 394 0.22 0.20-0.23 0.80 345 0.93 0.90-0.95 0.97 291 0.33 0.28-0.38 - 
Precocial mammals* 125 0.1} 0.09-0.12 0.79 130 0.91 0.88-0.94 0.98 102 0.59 0.53-0.65 
Altricial mammals* 97 0.17 0.14-0.19 0.80 73 0.75 0.71-0.80 0.97 70 0.28 0.20-0.37 
Primates 66 0.13 0.10-0.16 0.73 74 0.85 0.80-0.91 0,93 53 0.54 0.44-0.65 
Simian primatest 44 0.10 0.07-0.12 0.77 Si 0.77 0.72-0.83 0.97 33 0.50 0.39-0.62 
Strepsirhine primates 22 0.10 0.00-0.21 0.41 20 0.72 0.65-0.80 0.98 20 0.60 0.25-1.10 
:Artiodactyls 64 0.13 0.10-0.17 0.64 42 0.89 0.79-1.00 0.93 41 0.54 0.35-0.78 
Carnivorės 56 0.1} 0.07-0.16 0.59 54 0.76 0.65-0.89 0.86 47 0.56 0.44-0.68- 
Myomorph rodents§ 76 0.09 0.04-0.13 0.40 46 0.64 0.54-0.74 0.89 44 0.41 0.25-0.60 
:Hystricomorph rodents|| 27 0.14 0.05-0.24 0.55 27 0.89 0.80-1.00 0.97 24 068 Q. 3l 16 













































n, Number of animals studied; c.l, confidence limits; r, correlation coefficient. * See text for definition; t monkeys, apes and tian: no 
"data for tarsier gestation; + lemurs and lorises; § typically altricial; || exceptional among rodents in being typically precocial. 
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Fig. 1 Logarithmic plot of gestation period (days) 
against maternal body weight (g) for a sample of 394 
placental mammal species. Best-fit lines (major axes) 
have been determined separately for altricial mammals 
(line A, open triangles), precocial mammals (line P, 
solid triangles), and for the complete sample (line C). 
Black dots indicate mammals intermediate between 
clearly altricial and clearly precocial species (see text 
for definition). 
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artiodactyls, perissodactyls, cetaceans and primates generally 
have precocial offspring. However, exceptions and intermediate 


cases occur, and it is commonly implied that there is a smooth “ 
continuum from altricial to precocial types among placental 
mammals. 

For purposes of analysis, three groups of placental mammals æ 
can be defined: (1) clearly precocial mammals, in which the j 
litter size is less than 1.5 and the eyes are already open at birth; 

(2) clearly altricial mammals, in which the litter size is three or = 


more and the eyes do not open until at least 5 days after birth; 
(3) intermediate cases, with litter sizes between 1.5 and 3, with 
eyes opening between birth and 5 days of age. Examination of 
“the relationship between gestation period and maternal body 
weight using a logarithmic bivariate plot (Fig. 1) reveals a sharp 
separation between clearly precocial and clearly altricial mam- 
mals. This is a particularly convincing ae of the presence 


of major allometric ‘grade’ distinctions”. The allometric Fig. 2. Histogram of residuals, relative to an overall best-fit line 

exponent values for precocial and altricial mammals are quite of fixed slope 0.10, for the species shown in Fig. 1. Note the almost 
similar (Table 1), giving an average of 8 = 0.14 (see equation -complete separation between clearly altricial mammals (white _ 
_. (5). A best-fit line applied to the whole sample of placental boxes) and clearly precocial mammals (solid boxes). Intermediate | 
mammals has a markedly steeper slope of 0.22 (Fig. 1, Table species (stippled boxes) do not obliterate the bimodal pattern. 
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1), close to the value previously reported; but this can now be 
seen to result from confusion of separate grades. However, even 
within the major grades of precocial and altricial mammals there 
are more subtle grade distinctions, and analysis of separate 
taxonomic groups (Table 1) reveals an average exponent value 
of 0.11 (range 0.09-0.14). 

Because of this inherent problem of grade confusion, an 
ternative approach was applied, involving iteration of 
xponent values, to obtain the best separation of clearly pre- 
ocial and clearly altricial mammals. This was achieved with a 
ine of fixed slope 0.10, as reflected by the distribution of 
siduals of individual points relative to that line. A histogram 
f residuals (Fig. 2) shows the bimodal separation of precocial 
i altricial mammals (as defined above) and also shows that 
inclusion of ‘intermediate’ mammals does not obliterate the 
bimodal pattern. The distinction between precocial and altricial 
ammals is hence very pronounced; with a fixed exponent value 
f B = 0.10, a typical precocial mammal has a gestation period 
most four times longer than a typical altricial mammal of the 
same body size. For comparative purposes, therefore, equation 
(5) can be rewritten as follows, with the proviso that the value 
of the allometric coefficient (c) differs sharply between altricial 
and precocial mammals: 


G=cwt (6) 


Similar considerations apply to the relationship between 
individual neonate weight and maternal weight. Because pre- 
ial mammals have markedly longer gestation periods than 
cial mammals, relative to body size, it follows from equation 
(3) that, other things being equal, they must also produce much 
larger neonates. Precocial mammal species generally have 
greater adult body weights than altricial mammals (Fig. 1), so 
ngle best-fit line for neonatal weight against maternal weight 
all placental mammals will have an artificially high slope, 
reflecting. grade confusion, just as in the case of gestation 
g” . The neonatal scaling exponent value of a =0.93 (see 
equation (4)) for the overall sample of placental mammals 
‘Table 1), which agrees closely published values”"'°-"?, is accord- 
ingly misleading. Analysis of individual taxonomic groups 
(Table 1) suggests that a value of a =0.8 would be more 
appropriate. Equation (4) can, therefore, be rewritten as follows, 
to reflect empirical findings: 


Wy= kW (7) 


An apparent paradox arises® when equations (3) and (6) are 
combined to yield an alternative formula relating neonatal 
weight to maternal weight: 


Wy =a'G=a'(cwR F 
Wy =a’ Whe (8) 





ay “ Fig. 3 Logarithmic plot of fetal growth factor 

values (a') against maternal body weight (g) 

for a sample of 291 placental mammal species. 
Symbols as in Fig. 1. 


It has commonly been assumed that the fetal growth factor (a’) 
is constant not only within species but also between species, at 
least for taxonomic groups containing species with broadly 
comparable habits”. However, the apparent conflict between 
equations (7) and (8) with respect to the exponent values (0.8 
compared with 0.3) arises because the fetal factor actually varies 
with maternal body size across species’. From these two 
equations, it is possible to derive a predicted allometric relation- 
ship between a’ and maternal weight: 


Wy = kW =a’? WEP 
Hence 


k 
a'= 5 Wi (9) 


In fact, the fetal growth factor reflects the differential capacity 
for investment of fetal growth exhibited by mammalian mothers 
of different body sizes when other things are equal. Equation 
(3), can therefore, be rewritten as a product of two allometric 
functions of maternal size, a maternal investment function (fetal 
growth factor scaling exponent y) and a development time 
function (gestation scaling exponent 6): 


Wax Wy We)? (10) 


Allometric variation in the fetal growth factor in relation to 
maternal weight can be examined directly following a rearrange- 
ment of equation (3): 
Wy 

Values for ( Wn/ G*) for individual species can be plotted against 
maternal weight (Fig. 3) and Table | shows that empirical values 
for the scaling exponent (y) relating fetal growth factor to 
maternal body weight are reasonably close to the value of 0.5 





Table 2 Results of bivariate allometric analyses for neonatal body 
weight versus maternal body weight in cases where gestation period is 
relatively constant 





Exponent 
Group n value 95% cl. r 
Domestic dog breeds 8} 0.564 — 0.974 
Felis spp. 8 0.73 0.45-1.11 0.92 
Panthera spp. 6 0.50 0.10-1.10 0.84 
Peromycscus spp. il 0.61 0.37-0.92 0.87 
Cercopithecus spp.* 7 0.61 0.15-1.40 0.79 
Macaca spp.t 7 0.35 0.12-0.61 0.86 





* Including Miopithecus; t Leutenegger cited an exponent value of 
0.49 for seven macaque species; his data were included here in enlarged 
samples used to calculate averages for each species; ł data from J. K- 
Kirkwood (personal communication): 
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expected from equation (9). For individual taxonomic groups 
of mammals, the average value of y indicated by Table 1 is 
approximately 0.55. The predicted value of y can also be tested 
by considering mammal groups in which there is variation in 
maternal body weight without concomitant variation in gestation 
period (thus eliminating the development time function from 
equation (10)). This is usually true of individual genera among 
placental mammals and it is also true of domesticated species, 
such as the domestic dog (J. K. Kirkwood, personal communica- 
tion), for which artificial breeding has generated a wide range 
of adult body sizes across breeds without any significant vari- 
ation in gestation period. Table 2 shows that for a variety of 
such cases, the average value of y determined is again close to 
0.55. Thus, overall there is good agreement between the predicted 
value of y (0.5) from equation (10) and empirical values (average 
~0.55) determined both with and without interspecific variation 
in gestation period. Leutenegger’® noted the lower exponent 
value for intrageneric scaling of neonatal weight to maternal 
weights in macaques and linked this to variation in scaling of 
brain weight to body weight according to taxonomic level in 
mammals. However, the latter is probably a very distinct 
phenomenon related to early attainment of final brain weight 
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in ontogeny and differential selection on body weight during 
the early stages of adaptive radiation™”, 

It is clear from Fig. 3 that altricial mammals generally exhibit 
higher values of the fetal growth factor relative to maternal body 
weight, although the best-fit lines for altricial and precocial 
mammals tend to converge at higher maternal weights, suggest- 
ing a limitation on maternal investment in all large mammals. 
Thus, relative to maternal weight, altricial mammals are charac- 
terized by a combination of short development times (gestation 
periods) and high maternal investment levels (fetal growth fac- 
tors), in contrast to precocial mammals. Hence, the marked 
dichotomy between altricial and precocial mammals indicated 
in Figs 1-3 reflects a divergence in overall development patterns. 
and is, therefore, directly relevant to the interpretation of mam- 
malian life history strategies. 
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Although it is known that most cells of the vertebrate central 
nervous system (CNS) are derived from the neuroepithelial cells 
< of the neural tube (reviewed in ref. 1), the factors determining 

` whether an individual neuroepithelial cell develops into a particular 


- -type of neurone or glial cell remain unknown. A promising model 


for studying this problem is the bipotential glial progenitor cell 
in the developing rat optic nerve; this cell differentiates into a 
particular type of astrocyte (a type-2 astrocyte’) if cultured in 
10% fetal calf serum (FCS) and into an oligodendrocyte if cultured 
in serum-free medium’. As the oligodendrocyte-type-2 astrocyte 
(0-2A) progenitor cell can differentiate along either glial pathway 
in neurone-free cultures”, living axons clearly are not required 
for its differentiation, at least in vitro. However, the studies on 
0-2A progenitor cells were carried out in bulk cultures of optic 
nerve, and so it was possible that other cell-cell interactions were 
required for differentiation in culture. We show here that 0-2A 
progenitor cells can differentiate into type-2 astrocytes or oligoden- 
drocytes when grown as isolated cells in microculture, indicating 
that differentiation along either glial pathway in vitro does not 
require signals from other CNS cells, apart from the signals 
provided by components of the culture medium. We also show that 
single 0-2A progenitor cells can differentiate along either pathway 
without dividing, supporting our previous studies using *H- 
thymidine? and suggesting that DNA replication is not required 
for these celis to choose between the two differentiation pro- 
grammes. 
























We have shown previously that cells of the 0-2A lineage i 
suspensions and cultures of the developing optic nerve can be 
identified by means of three antibodies: anti-galactocerebrosid 
(GC), which reacts specifically with the oligodendrocytes®, anti- 
glial fibrillary acidic protein (GFAP)®, which reacts specificall 
with the astrocytes” , and the A2B5 monoclonal antibody’, 
which recognizes specific gangliosides? and helps to identify. 
two different types of astrocyte”. The 0-2A progenitor cells a 
A2B5*, GC”, GFAP” (ref. 3). When cultured in 10% FCS they. 
rapidly acquire GFAP to become A2B5*, GC”, GFAP* type-2 
astrocytes™™?; when cultured in serum-free medium (or medium 
containing <1% FCS, our unpublished observations), they. 
rapidly acquire GC (and more slowly lose A2B5)* to becom 
GC*, GFAP” oligodendrocytes*’. As 0-2A cells typically have 
a process-bearing morphology in culture, they can usually be. 
distinguished from other cells in optic nerve cultures-—mainl 
type-1 astrocytes and meningeal cells, most of which have a 
fibroblast-like morphology (and are A2B5~)?—by phase 
contrast microscopy. 

To study the differentiation of individual 0-2A progenitor 
cells to type-2 astrocytes, cell suspensions were prepared from 
optic nerves of 7-day-old Sprague-Dawley rats using trypsin, 
collagenase and EDTA as previously described’. At this age; 
20-25% of the cells in optic nerve cell suspensions are A2B5", 
GFAP, GC~ 0-2A progenitor cells, but no A2B5*, GFAP* 
type-2 astrocytes are found as these first appear in vivo 8-10 
days after birth (R. H. Miller, S. David, R. Patel, E. Abney and 
M.C.R., in preparation). A dilute suspension of cells in LIS 
medium (Flow Laboratories) containing 10% (v/v) FCS {L15- 
10) was put in a 5-cm plastic, bacteriological Petri dish and 
viewed in a Leitz Diavert inverted microscope. Single cells were 
picked up in a sterile hand-pulled 10-y1 micropipette using 
mouth suction and transferred to single wells of a Terasaki 
microculture plate (Falcon), previously coated with poly-L- 
lysine (40 pg ml! in water overnight) and containing 10 pl of 
15-10. The plates were incubated at 37°C in air for 30 min to 
allow the cells to adhere, and then the medium was changed to 





Fig. 1 


Dulbecco’s modified Eagle’s medium (DMEM) containing 10% 
or 20% (v/v) FCS and 504M 2-mercaptoethanol (2-ME) 
_(DMEM-10 or DMEM-20). The wells containing single cells 
“were noted and the plates were incubated for 2 days at 37°C 
in 5% CO,. At 24 and 48h, each cell was checked to see if it 
had divided or died. At 48 h, wells containing process-bearing 
cells were double-labelled by indirect immunofluorescence with 
¿monoclonal A2B5 (ref. 8) or anti-GC (ref. 10) antibodies and 
~ with anti-GFAP (ref. 11) serum as described in Table | legend. 
-Approximately 65% of the cells plated adhered to the micro- 
¿wells by 30 min and more than 80% of these survived for 48 h. 
Although A2B5* cells constituted only 20-25% of the cells in 
_ the original suspension, more than 50% of the cells present at 
-48h were process-bearing and A2B5", probably because 0-2A 
| progenitor cells were preferentially selected during microm- 
-anipulation. Whereas <20% of the A2B5*, process-bearing cells 
became GFAP” in 10% FCS, >60% became GFAP* in 20% 
FCS (Table 1), even though the survival, appearance and pro- 
eration rate of these cells were similar in both conditions (not 
shown). In 20% FCS, 55-60% of the cells divided, but of those 

which did not, more than 40% became GFAP". Although this 
indicates that 0-2A progenitor ceils can differentiate into type-2 
astrocytes in vitro without undergoing cell division, the propor- 
ton of cells expressing GFAP was higher in the population that 
had undergone division (Table 1). When 50 process-bearing 
cells were incubated with anti-GC antibody in cultures 
maintained in DMEM-10 for 48 h, all were GC™ (not shown). 
<- We found previously that >90% of the A2B5* cells in 7-day 
optic nerve become GFAP* within 48 h in bulk cultures growing 
n DMEM-10°. The present finding—that less than 20% of such 
cells become GFAP” in single-cell cultures in DMEM-10— 
suggests that cell-cell interactions in bulk cultures enhance the 
_ FCS-induced differentiation of 0-2A progenitor cells into type-2 
astrocytes. Conditioned DMEM-10 medium from bulk cultures 
of 7-day optic nerve markedly increased the proportion of both 
vided and non-divided A2B5* cells that became GFAP” in 
ingle-cell cultures compared with those in fresh DMEM-10 
‘Table 1), and the intensity of anti-GFAP staining was also 
creased (Fig. 1). This observation suggests that soluble factors 
_may mediate these putative cell-cell interactions in bulk cultures. 

= We next studied the differentiation of individual 0-2A pro- 
_ genitor cells to oligodendrocytes using cell suspensions prepared 
from l-day rat optic nerve. At this age, ~20°% of the cells are 
A2B5", GFAP’, GC” 0-2A progenitor cells, but only rare GC* 
‘oligodendrocytes are found (R. H. Miller, S. David, R. Patel, 
LE: Abney and M.C.R., in preparation). Single cells were cultured 
in microwells for 48 h as described above, except that they were 
maintained in a modified’ Bottenstein and Sato’? (B-S) medium 
(see Fig. 2 legend) containing 2-ME and 0.5% (v/v) FCS (cells 
survived better in 0.5% FCS than in serum-free B-S medium). 
Approximately 75% of the cells that adhered to the culture wells 
at 30min survived for 48h, and about 20% of these were 
process-bearing cells. We found that 55% (36/65) of the process- 
bearing cells studied at 48 h were GC* (Fig. 2), a similar propor- 














































An A2B5*, GFAP* ty pe-2 astrocyte that developed in a single-cell microculture of 7-day optic nerve after growing for 48 h in DMEM-10 
“and 50% (v/v) conditioned medium from a bulk culture of 7-day optic nerve cells. The cell was visualized by phase-contrast in an inverted 
< microscope (a) and in a conventional fluorescence microscope to show A2B5 (b) and GFAP (c). Scale bar, 20 ym. The cell was labelled with 
A2B5 antibody and anti-GFAP serum as described in Table | legend. The conditioned medium was prepared as described in Table | legend. 


tion to that seen in bulk cultures’, Although most of these cells 
had divided, 76% (13/17, combined results of three experi- 
ments) of those that did not divide were GC*. When single cells 
were cultured in B-S medium plus 0.5% FCS for 2 days and 
then switched to DMEM-10 for 3 days, most of the process- 
bearing cells were still GC*, GFAP” (not shown), suggesting 
that differentiation along the oligodendrocyte pathway is not 
reversible after 2 days in these conditions, in agreement with 
results in bulk cultures’. While none of the process-bearing cells 
cultured for 48 h in B-S medium plus 0.5% FCS were GFAP*, 
more than 60% of such cells cultured in DMEM-20 for 48h 


„were GFAP* (30% of which had not divided) and none were 


GC* (not shown). 

We showed previously that when 0-2A progenitor cells in 
bulk cultures were switched from DMEM.-10 to serum-free B-S 
medium after 2 days (but not after 3 days), they altered their 
developmental course and differentiated into GC* oligoden- 
drocytes’. Most of these ‘switched’ cells expressed both GC and 
GFAP for several days following the medium change’. To deter- 





Table | 0-2A progenitor cells from 7-day optic nerve differentiate into 
type-2 astrocytes in single-cell microcultures containing 10% or 20% 
FCS 





Non-divided A2B5” 
process-bearing 
cells that are 
GFAP* 


8/60 (13%) 
20/48 (42% 


Total A2B5* process- 
bearing cells that 
are GFAP? 
23/147 (16% } 
82/133 (62%) 


Culture medium 


DMEM +10% FCS 

DMEM +20% FCS 

DMEM +10% FCS 
+conditioned medium 


92/143 (64%) 18/43 (42%) 





Cells were cultured as single cells in microwells as described in the 
text. After 48 h, the process-bearing cells were labelled with monoclonal 
A2B5 antibody* (ascites fluid, diluted 1:500) as previously described’, 
followed by goat anti-mouse immunoglobulin coupled to rhodamine 
(G-anti-Mlg-Rd, Cappel, diluted 1:100). Incubations were done in the 
dark as the cells seemed to survive better. After washing, the cells were 
fixed in acid-alcohol and labelled with rabbit anti-GFAP serum'! (1:200) 
followed by sheep anti-rabbit immunoglobulin coupled to fluorescein 
(S-anti-RIg-Fl, Wellcome, diluted 1:100). The wells were then filled 
with phosphate-buffered saline (PBS) containing 0.1% (w/v) p-pheny- 
lenediamine to prevent fluorescence fading’ and the cells were 
examined through the bottom of the Terasaki plate in a Zeiss Universal 
fluorescence microscope using a x40 phase-contrast objective and 
photographed using Ektachrome colour slide film rated at 400 ASA. 
Because it was difficult to see the cells through the bottom of the Terasaki 
plate by conventional phase-contrast microscopy, each cell was also 
examined in an inverted Leitz Diavert microscope. The numbers rep- 
resent the combined results of six different experiments. Conditioned 
medium was taken from bulk cultures of 7-day optic nerve cells growing 
in 2 mi of DMEM-10 for 3 days in poly-t-lysine-coated 35-mm Nunc 
tissue culture dishes. Approximately 30,000 cells were initially plated 
in each dish. The medium was collected, centrifuged at 1,000g fer 10 min 
and mixed 50:50 with fresh DMEM-10. 






































Fig. 2 A GC* oligodendrocyte that developed in a single-cell 1-day 
optic nerve microculture after 48 h in B-S medium containing 0.5% 
FCS and 50 uM 2-ME. The cell was examined by phase contrast 
in an inverted microscope (a) and in a conventional fluorescence 
microscope to show GC (b). The cell was cultured in a microwell 
as described in the text. It was maintained in a modified Bottenstein 
and Sato medium” containing insulin, transferrin, albumin, pro- 
gesterone, putrescine, selenium, thyroxine and triiodothyronine as 
previously described’, as well as 0.5% (v/v) FCS and 50 pM 
2-mercaptoethanol. After 48h, it was labelled with monoclonal 
anti-GC antibody (ascites fluid, diluted 1:200) followed by G-anti- 
Mlg-Rd and, after fixation, with anti-GFAP antiserum followed 
by S-anti-RIg-FI as described in Table | legend. No staining with 
anti-GFAP was seen (not shown). Scale bar, 20 pm. 


mine if this switch in developmental course required cell 
division, we cultured single 7-day optic nerve cells in DMEM-20 
for 2 days and then switched them to B-S medium for 3 days. 
Most of the process-bearing cells that did not divide during this 
period were both GC* and GFAP” (not shown), suggesting that 
newly formed type-2 astrocytes can switch their developmental 
course without dividing. 

Our conclusions are as follows. First, 0-2A progenitor cells 
can differentiate in vitro into either type-2 astrocytes or oligoden- 
drocytes without dividing. Moreover, they can switch from the 
astrocyte to the oligodendrocyte pathway of development after 
1 or 2 (but not 3) days in culture’ without dividing. These 
findings suggest that DNA replication is not always required 
for vertebrate cells to choose between two differentiation pro- 
grammes as suggested by the quantal mitosis hypothesis"? 
Second, although it is highly likely that cell-cell interactions 
influence which differentiation pathway individual 0-2A pro- 
genitor cells follow during normal development in vivo, the 
differentiation of these cells in vitro into either oligodendrocytes 
or type-2 astrocytes does not require the presence of other cells. 
On the other hand, signals provided by components in the 
culture medium, such as those in FCS, probably substitute for 
signals from other cells. Third, FCS acts directly on the 0-2A 
progenitor cell to induce it to differentiate into a type-2 astrocyte. 
Fourth, cell-cell interactions in bulk cultures of optic nerve 
enhance the effect of FCS in inducing type-2 astrocyte differenti- 
ation, probably through soluble mediators. Further studies will 
be required to determine the nature and source of these 
mediators, and to discover the cellular and molecular mechan- 
isms controlling the differentiation of 0-2A progenitor cells 
during normal. development. 
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The erythrocyte cytoskeleton, which consists primarily of a 
work of spectrin and actin, controls. cell shape and the dišpositi 
of proteins within the membrane’. Proteins similar | to spectrin 
have recently been found in diverse ‘cells and tissues*~’, and it 
possible that they mediate the capping of cell-surface recepto 
although this has not been demonstrated directly. In neurones, th 
spectrin-like protein fodrin lines the cortical cytoplasm and ma 
link actin filaments to the membrane*~’. Fodrin has been hypoth 
sized to regulate the number of receptor binding sites on neurona 
membranes for the putative neurotransmitter L-glutamate" h 
Micromolar calcium concentrations activate the thiol proteas 
calpain I (ref. 12), induce fodrin degradation™’' and more tha 
double the density of glutamate binding sites'®'*; these e 
are all blocked by thiol protease inhibitors. We have now used 
specific antibodies to examine further the role of fodrin proteolys 
in regulating glutamate receptors. We report that fodrin antibodi 
block the fodrin degradation and increase in glutamate binding 
normally induced by calcium, and so provide direct evidence fo! 
control of membrane receptors by a non-erythroid spectrin. ` 
The specificity of the anti-fodrin preparation was analyse 
by the binding of '**I-labelled anti-fodrin to electrophoreticall 
separable rat brain membrane polypeptides. Fodrin has pre 
viously been identified in synaptosomal plasma membrane: 
(SPMs) as a doublet of relative molecular mass ~ 240,000 
11). Anti-fodrin bound to this doublet (Fig. la, lanes 2,4) an 
to purified fodrin (lanes 1, 3), but did not recognize other S 
polypeptides (lane 4). As well as reacting with denatured fodrin 
'251_anti-fodrin bound to the native molecule. When preabsorbe 
with purified native fodrin, '**I-anti-fodrin no longer bound 
the fodrin in polyacrylamide gels (Fig. la, lanes 5, 6). Further- 
more, '**]-anti-fodrin bound to hippocampal SPMs, and. the 
binding was prevented by purified fodrin (Fig. le). Half- 
maximal inhibition of the binding of 100 ng of '**I- anti-fodrin 
occurred with 500 ng fodrin, with complete inhibition at: $ pg 
fodrin. Monovalent Fab fragments prepared from anti-fodrin 
IgG retained the capacity to bind to fodrin. The Fab fragments 
did not, by themselves, precipitate purified fodrin (Fig. tb, lane 
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purified fodrin (5) or SPMs a i _ 
} with '*°]-anti-fodrin pre- Fodrin (ng per ng 221 
absorbed with purified 1 2 3 4 56 





_fodrin. b, Immunoprecipita- 
tion of purified fodrin. Lane 
|, purified brain fodrin; lane 2, fodrin, no antibody; lane 3, fodrin with | pg anti-fodrin Fab; lane 4, fodrin with 0.2 ug anti-fodrin; lane 5, 
-fodrin with | wg anti-fodrin Fab and 0.2 yg anti-fodrin. c, Binding of '?*l-anti-fodrin (AF) to hippocampal SPMs following preabosprtion 
“with various amounts of purified brain fodrin. 

“Methods: Rat hippocampal synaptosmal plasma membranes, purified fodrin and antibodies to fodrin were prepared as described previously’'. 
- Anti-fodrin was purified from rabbit immune serum by affinity chromatography on a column of fodrin coupled to Sepharose 4B (Pharmacia)* 
and was radioiodinated by the lactoperoxidase method as described previously''. Fodrin and SPMs were run on 6% polyacriylamide slab 
‘gels'° and the gels were overlaid either with '?*I-anti-fodrin (3 wg protein) or with '*L-anti-fodrin that has been incubated at 22 °C for 30 min 
“with 100 ug purified fodrin (preabsorbed). The gels were washed, stained with 0.1% Coomassie brilliant blue R, destained in 7% (v/v) acetic 
‘acid, dried and exposed for 4 days on Kodak XAR-S film. 

For immunoprecipitation, purified rat brain fodrin (p.1 ug) was incubated at 4 °C overnight with the indicated antibodies in 0.2 ml of 50 mM 
. Tris-HCl (pH 7.4), | mg mi~’ bovine serum albumin. Fodrin-antibody complexes were recovered by centrifugation (20,000 g for 20 min) and 
the pellets were washed once with Tris-HCI buffer. The final pellets were suspended in electrophoresis sample buifer and run on 3-10% 
gradient polyacrylamide gels'*'''. Gels were stained with silver’. Monovalent anti-fodrin Fab fragments were prepared by papain digestion”? 
of anti-fodrin IgG that had been collected by protein A-Sepharose chromatography (Pharmacia, column run according to manufacturer's 
method). The digest was run over a protein A-Sepharose column to remove undigested IgG, and the Fab fragments in the flowthrough were 
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but completely prevented the precipitation of fodrin by 
ivalent anti-fodrin (lanes 4, 5). 
To investigate whether calcium-activated fodrin proteolysis 
increases the number of glutamate binding sites, we tested the 
effect of anti-fodrin on the calcium stimulation of glutamate 
binding. Cerebral cortical SPMs were treated with various 
amounts of anti-fodrin for 30 min before the addition of either 
EGTA (basal binding) or calcium (basal plus calcium-stimulated 
inding). In the absence of anti-fodrin, calcium caused an 
increase in sodium-independent *H-L-glutamate binding, with 
maximal enhancement (200% ) occurring at 1 mM calcium (Fig. 
2). This increase is due to an elevated Bmax, with no apparent 
change in Ka, and probably results from rapid uncovering of 
binding sites previously hidden in the membranes'®!*. Anti- 
fodrin caused a dose-dependent blockade of the calcium stimu- 
ion of glutamate binding (Fig. 2a). A concentration of 150 ng 
odrin per pg SPM protein gave complete inhibition, with 
-maximal blockade at 60 ng per pg protein. With anti-fodrin 
@ per wg protein, calcium actually caused a 20% reduction 
of glutamate binding. Anti-fodrin concentrations below 150 ng 
pe protein did not alter basal binding, while slight (~ 20% ) 
nhibition was detected at higher concentrations. Identical 
results’ were obtained with hippocampal SPMs. Monovalent 
anti-fodrin Fab fragments were equally effective in preventing 
the calcium stimulation of glutamate binding, 150 ng per pg 
protein providing >90% inhibition (Fig. 2b). The blockade by 
 anti-fodrin is thus not caused by fodrin cross-linking, as the Fab 
nts did not induce fodrin precipitation (Fig. 1b). 
next investigated the mechanism by which anti-fodrin 
the calcium regulation of glutamate receptor binding. 


_ calcium-induced fodrin degradation. Before incubation. with 


. purified on a fodrin-Sepharose column'! and dialysed against 50 mM Tris-HCI (pH 7.4). 

1-Anti-fodrin binding to hippocampal SPMs was determined by centrifugation as follows. In 1.5 ml polypropylene centrifuge tubes, 
anti-fodrin (40 ng, 5 x 10° d.p.m.) and various amounts of purified fodrin, determined by protein assay~*, were incubated in 0.05 ml of 
mM Tris-HCI (pH 7.4) containing 100 pg bovine serum albumin for 30 min at 30 °C. To each tube, 0.45 ml hippocampal SPMs (5 Wg protein) 
50.mM Tris-HCI were added, and incubations were continued for an additional 30 min at 30°C. Membranes were centrifuged at 40,000 g 
Omin, and each pellet was superficially rinsed with | ml ice-cold Tris-HCl. Radioactivity retained in the tubes was measured in a 
-counter (Beckman). Nonspecific retention of '?*I-anti-fodrin was determined by performing incubations in the absence of SPM tissue, 
d was subtracted from values obtained with tissue present. Specific '**I-anti-fodrin binding typically represented 80% of the total radioactivity 
tained. Each data point is the mean from four separate experiments which differed by <20%. 


Anti-fodrin could inhibit the calcium effect by perturbing a 
fodrin-glutamate binding site interaction, by chelating free cal- 
cium, by directly modifying glutamate binding to its receptor, 
or by nonspecific disturbance of the membrane. First, the ability 
of anti-fodrin to block the calcium stimulation of glutamate 
binding was compared with its ability to bind to membrane- 
associated fodrin. Anti-fodrin was equipotent in blocking '**I- 
anti-fodrin binding to hippocampal SPMs and in preventing the 
calcium stimulation of glutamate binding (Fig. 2a). Second, the 
anti-fodrin inhibition did not result from chelation of free cal- 
cium, as the antibody was as effective at | mM calcium as at 
0.1 mM (Fig. 2b). Third, an IgG fraction purified from preim- 
mune rabbit serum was without effect on the calcium stimulation 
of glutamate binding (Fig. 2b), although it reduced basal binding 
to a similar extent to anti-fodrin. Additionally, anti-fodrin did 
not prevent all ionic interactions with glutamate binding, as the 
inhibition of binding caused by millimolar sodium concentra- 
tions”? was not altered by anti-fodrin. Furthermore, the blockade 
of '**L-anti-fodrin binding and of calcium stimulation of gluta- 
mate binding persisted in membranes treated with anti-fodrin 
and then washed free of unbound antibody. Last, anti-fodrin 
did not block the calcium stimulation of glutamate binding when 
added after the calcium. Taken together, these results indicate 
that anti-fodrin prevents the calcium enhancement of glutamate 
receptor binding by blocking a fodrin-glutamate binding site 
interaction. 

We have proposed previously that calpain I-induced fodrin 
proteolysis underlies the calcium regulation of glutamate recep- 
tor binding'® ''. We therefore tested the effect of anti-fodrin on 
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Fig. 2 Effects of anti-fodrin on calcium stimulation of 7H-gluta- 
mate binding and on '**]-anti-fodrin binding. a, Dose-responses 
for anti-fodrin; b, anti-fodrin blockade of glutamate binding stimu- 
lated by various calcium concentrations. Calcium-stimulated gluta- 
mate binding in the presence of antibodies is represented as the 
percentage of glutamate bound compared with parallel incubations 
in the presence of EGTA. Each data point represents the mean 
from four to six experiments. In b, the concentrations of anti-fodrin 
(AF), preimmune IgG (PI) or monovalent anti-fodrin (Fab) are 
indicated as ng per wg SPM protein. 

Methods: Rat cerebral cortical SPMs were suspended in 50 mM 
Tris-HCI (pH 7.4 at 30°C) and incubated with the indicated 
amounts of affinity-purified anti-fodrin or preimmune rabbit IgG 
for 30 min at 30 °C, then assayed for either '**I-anti-fodrin binding 
(a, @) or 3H-L-glutamate binding (a, O, and b). The IgG fraction 
from preimmune rabbit serum was purified on a column of protein 
A-Sepharose; the IgG fraction was eluted with 0.2 M glycine-HCI 
(pH 2.4) and immediately neutralized with 2M Tris base. All 
antibodies were dialysed against 50 mM Tris-HCl (pH 7.4) before 
use. '?*]-anti-fodrin binding was determined as described in Fig. 
L legend. Sodium-independent *H-L-glutamate binding was 
measured by a filtration method as described previously'”'?. Cor- 
tical SPMs were incubated with anti-fodrin or preimmune IgG for 
30 min at 30°C, then with 2mM EGTA (basal binding) or 0.1 mM 
calcium (a) or various: calcium concentrations (b) for 15 min. 
`H- -L-glutamate (50 Ci mmol™', ICN) was added to 100 nM and 

incubations were continued for 15 min. 


calcium, hippocampal SPMs were incubated with a concentra- 
tion of anti-fodrin (300 ng per wg protein) which completely 
blocks calcium stimulation of glutamate binding. Whereas cal- 
cium induced a 22% decrease in fodrin content in normal assay 
conditions, it has no effect in the presence of anti-fodrin (Table 
1). Anti-fodrin did not affect fodrin levels in the absence of 
calcium. Monovalent anti-fodrin Fab fragments (200 ng per pg 
protein) also prevented the calcium-induced decline in fodrin 
content. The antibody probably prevented fodrin degradation 
by its interaction with fodrin rather than with calpain I, as it 
did not block the activity of purified calpain I measured against 
a casein substrate. The strong correlation between anti-fodrin 
blockade of '**I-anti-fodrin binding and of the calcium stimula- 
tion of glutamate binding (Fig. 2a) also argues for a direct 
interaction between fodrin and anti-fodrin, as does the specificity 
of the antibody for fodrin among all SPM proteins (Fig. 1). 



























fodrin can, in a manner similar to erythrocyte spectrin 
control over plasma membrane proteins. In turn, the 
fodrin, and perhaps its organization, in the cortical cyte 
are controlled by calpain I. Activation of this thiol pro 
micromolar calcium concentrations leads to a rapid, relativel 
selective degradation of fodrin'®"' and to increased glutamate 
receptor binding'’. Anti-fodrin, like thiol protease inhibitors ™4, 
prevents both the glutamate binding increase and the fodrir 
degradation, but, unlike thiol protease inhibitors, does. so 
without blocking calpain I activity per se. This implies a caus 
role for fodrin proteolysis in regulating the number of glutam 
receptor binding sites, and indicates that calpain 1 doe: 
directly modify these binding sites, but rather alters cytoskelet; 
control over them. This mechanism for rapid modification o 
the density of glutamate binding sites may be of considerabl 
functional significance. Pharmacological, biochemical and phy- 
siological studies indicate that, at least in the rat hippocampus, 
*H-glutamate may label synaptic neurotransmitter receptors’! 
Indeed, repetitive stimulation of hippocampal Schaffer co! 
lateral synapses produces long-term increases both in synapti 
efficacy and in the density of glutamate binding sites'®, wh 
learning is accompanied by an increased number of glutam: 
binding sites in rabbit hippocampal membranes?’ 
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Table 1 Effect of anti-fodrin on calcium-stimulated fodrin degradatio 





Fodrin remaining 


Condition (% control) 
No antibodies 78+1* 
Antifodrin, 300 ng pg™! 10123 
Antifodrin Fab, 200 ng pg”! 103 +3 



















Hippocampal SPMs (5 wg protein per reaction) were incu 
50 mM Tris-HCI or in Tris-HC] containing anti-fodrin or a 
Fab for 30 min at 30°C. Following addition of EGTA (2 mh 
Cl, (0.25 mM), reactions were continued for 30 min at 30 °C; 
stopped by the additon of electrophoresis sample buffer'*'' and samp! 
were run on 6% slab gels. Polypeptides were visualized by the ultr 
tive silver method of Morrissey”. Fodrin levels were quan 
densitometry'®!'. Fodrin remaining after treatment with calcium is ta 
as the percentage of fodrin content in the presence of calcium compare: 
with its content in the presence of EGTA (control). Each value represent 
the mean +s.e.m. * Significantly different from control, P < 0.005. 











Regulation of glutamate receptors by fodrin could be a useful 
model system for investigating cytoskeletal-membrane interac- 
tions in neurones. Several questions about this interactior 
remain unresolved. How does fodrin degradation result: i 
cytoskeletal and subsequent membrane protein reorganization 
Are other membrane proteins, in particular neurotransmitter 
receptors, controlled by fodrin? Does fodrin have additional 
spectrin-like functions, such as regulation of neuronal shape? . 
The finding that brain fodrin can control plasma membrane 
proteins, as does its erythrocyte counterpart, suggests that the 
variety of non-erythroid and erythroid spectrins serve simil 
functional roles. 
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Epidermal growth factor (EGF), a protein comprising 53 amino 
acids, is derived from a precursor of 1,217 amino acids that includes 
at least seven EGF-like sequences'”. EGF has diverse biological 
tivities (see refs 3-6): it is a potent mitogen for many tissue 
Iture cells, inhibits gastric acid secretion from the intestinal 
mucosa and promotes healing of the corneal epithelium. EGF 
to fetal animals accelerates several developmental processes 
including palate formation, incisor eruption, eyelid opening and 
lung maturation. However, the physiological roles of EGF in vivo 
are unknown. The presence of high-affinity receptors in many fetal’ 
‘and adult tissues* suggests that EGF is involved in normal cellular 
functions. Immunocytochemical studies have revealed the presence 
of EGF in mouse® and human submaxillary glands”", rat brain'' 
and human intestine”'®. The low levels of EGF in extracts from 
many tissues'*’? may reflect sequestration rather than synthesis 
of the polypeptide. We show here that several mouse tissues contain 
preproEGF mRNA and that it is synthesized mainly in the distal 
«tubules of the kidney. PreproEGF does not seem to be processed 
to EGF or other peptides in this tissue. 

The amount of preproEGF mRNA in different mouse tissues 
‘was determined by hybridization of a preproEGF cDNA probe 
to. total RNA (Fig. LA, B). With the exception of liver, eye and 
‘L cells, each sample tested contained this mRNA but the relative 
bundance varied by three orders of magnitude (Table 1). 
Poly(A)-containing RNA from the negative sources has not been 
-assessed, therefore the presence of extremely low levels of pre- 
proEGF mRNA cannot be ruled out. The data (Table 1) suggest 
that the EGF found in liver is due to efficient sequestration'*. 
“However, the brain, pancreas, mammary gland and kidney are 
probably responsible for the EGF found in cerebrospinal fluid’, 
pancreatic secretions'®, milk'’ and urine'*, respectively. It is 
ifficult to exclude cross-hybridization of the cDNA probe to 
elated sequences in another mRNA, particularly in instances 
‘of low abundance. In the pancreas, though, we observe that a 
protein the size of EGF is immunoprecipitated from labelled 
organ cultures (data not shown). 

-As preproEGF mRNA is present in almost all tissues tested 
and the serum concentration of EGF is low (1-2 ngml™') in 
both mice and humans’, it is difficult to assess the relative 





*Present address: Molecular Medicine Group, MRC, Clinical Research Centre, Harrow, Middie- 
nex HAT SUS, UK, 


Table 1 Relative abundances of preproEGF mRNA and EGF protein 
in various mouse tissues 


Relative 
preproEGF Relative 
mRNA EGF 
Tissue abundance abundance'* 

Submaxillary gland (male) 2 (1/200) 2,000 
Kidney (male, female} 1 (4/400) | 
Submaxillary gland (female) 0.2 (1/2,000) 140 
Mammary gland (lactating) 0.01 (1/40,000) 2 — 
Pancreas 0.008 (1/50,000) 0.43 
Small intestine (duodenum) 0.004 (1,/ 100,000) 0.33 
Pituitary 0.003 (1/ 150,000) <0.02 
Lung 0,002 (1/260,000) <(.02 
Spleen 0.002 (1/200,000) ~— 
Brain 0.002 (1/ 200,000) <0.02 
Ovary 0.002 (1/200,0003 ~ 
Liver (<1/200,000) 0.33 
Eye (<1/200,000) ~ 
L cell (<1/200,000) —_ 





The relative preproEGF mRNA levels were determined by averaging 
laser densitometry scans of three dot-blot matrices (for example, see 
Fig. 1B). Values were normalized to that of the kidney and the numbers 
in parentheses are the predicted frequency of preproEGF mRNA in 
poly(A)-containing RNA isolated from the tissues of 8-week-old 
BALB/c male mice, unless otherwise indicated. Analysis of a cDNA 
library prepared from male submaxillary RNA indicated that at least 
0.5% of the colonies hybridized to a probe encoding the 3’-untranslated 
region of preproEGF mRNA (J.S. and G.LB., unpublished). The male 
submaxillary gland contains ~l yg of EGF per mg of tissue (wet 
weight); no values for the EGF content of lactating mammary gland, 
ovary, spleen, eye or L cells are available. The amount of EGF found 
in each tissue has been normalized to that determined for the kidney. 


contribution of each source to serum EGF. The extensive tissue 
distribution of EGF receptors and preproEGF mRNA, however, 
suggests that EGF (or related peptides derived from the precur- 
sor) affects either neighbouring cells or those cells that synthesize 
the protein. These effects may involve, for example, the mainten- 
ance of various ductal systems (biliary, gastrointestinal, 
oesophageal, urogenital) and the response of tissues to injury”. 

Unexpectedly, the level of preproEGF mRNA in the kidney 
is only twofold less than that detected in the male mouse 
submaxillary gland, which contains ~2,000 times more EGF 
than the kidney (Table 1). As the mRNAs in these two tissues 
are the same size (N4,900 bases) (Fig. 1C), they probably 
encode identical proteins. Preliminary evidence indicates that 
the kidney is also a site of preproEGF mRNA synthesis in 
humans (L.B.R. and G.I.B., unpublished results). The relatively 
low levels of EGF in the kidney may reflect differences between 
the processing of the precursor in this tissue and in the submaxil- 
lary gland. Indeed, antibodies to mouse submaxillary EGF or 
to a segment of preproEGF encoding EGF-like peptides 1, 2 
and 3 (Fig. 1 A) precipitate a protein from labelled kidney slices 
(Fig. 1D, lanes 1 and 3, respectively) whose relative molecular 
mass (M,) (~ 130,000) is similar to that predicted for (pre)pro- 
EGF'. It is unknown whether the signal peptide is cleaved from 
this protein. The failure of previous studies™'™ >> to demon- 
strate significant amounts of EGF by radioimmunoassay or 
immunocyto- chemistry in the mouse or human kidney may be 
explained by differences in the antibodies used, insolubility of 
the precursor or masking of antigenic determinants. In the male 
or female submaxillary gland, anti-mouse EGF antibody pre- 
cipitates a major protein about the size of EGF (M, 6,045) and 
one of M, 46,000 (Fig. 1 D, lanes 4 and 7). The pattern observed 
with this antiserum and anti-preproEGF-II (Fig. ID, lanes 6 
and 9) is more complex than in the kidney and the relationship 
of these peptides to EGF and to the precursor is not clear. In 
neither tissue are any of these proteins secreted into the culture 
medium (data not shown). 
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Fig.1 Analysis of mouse tissues for preproEGF mRNA and protein. A, Schematic 
representation of mouse submaxillary preproEGF mRNA and protein’. The box € 
indicates the protein-coding portion of the mRNA. The positions of the seven 
EGF-like peptides and EGF are given and the thin line corresponds to the 
untranslated regions of the mRNA. The lines below the diagram indicate the 
amino acid coordinates of the cDNA probes used for dot-blot and Northern 
analyses (amino acids 692- 1,094) or in situ hybridization (amino acids 635-1,208). 
The antiserum, anti-preproEGF-H, is directed against determinants in the segment 
encoding amino acids 348-691. B, Dot-blot analysis of total RNA isolated from 
tissues. a, 1-5: 0.005, 0.01, 0.025, 0.05 and 0.1 pg of male submaxillary gland 
RNA, respectively; 7, 1.0 ug of female submaxillary gland RNA; 8 and 9, 0.2 pg 
each of male and female kidney RNA. b, The samples described for a but treated 
with NaOH. c, 1-9: 10g each of mammary gland, pancreas, small intestine 
(duodenum), ovary, spleen, lung, liver, L cell and pituitary RNAs. d, The samples 
described for c, but treated with NaOH. (Except for mammary gland and ovary, 
these RNA samples were prepared from male mice.) C, Northern analysis of 
preproEGF mRNA in the kidney and submaxillary gland. Lane 1, 0.1 pg poly(A)- 
“containing RNA from a male submaxillary gland; lane 2, 5 pg total RNA from a 
female submaxillary gland; lane 3, 5 jg total RNA from a male kidney. The 
positions of 18S and 28S ribosomal RNAs are shown. The size of preproEGF 
mRNA was estimated using denatured fragments of a HindIII digest of à. DNA. 
D, Synthesis of preproEGF-related proteins in the kidney and submaxillary gland. 
The proteins immunoprecipitated from in vitro labelled kidney slices (lanes 1-3) ee 
and submaxillary gland lobules (lanes 4-9) by control rabbit serum (lanes 2,5, 1 23 45 6 7 8 9 f 
8), anti-mouse EGF antibody (Collaborative Research, lot 82-229; lanes 1, 4, 7) 
and antipreproEGF-I] (prepared as described in ref. 22; lanes 3, 6,9) were analysed 
by SDS-polyacrylamide gel electrophoresis”. Sizes of molecular weight standards are indicated. The gel was exposed for 24h for lanes 1-6 and for 4 days in the 
case of lanes 7-9. Methods: B, RNA was isolated” from 8-week-old BALB/c mouse tissues and specified amounts were precipitated before dot-blot analysis. The: 
pellets were dissolved in 45y! of formamide/formaldehyde buffer” and heated at 65°C for 10 min. To determine the extent of DNA contaminating the RNA, the 
RNA was dissolved in 10 pt of 0.4 M NaOH. The solution was heated at 65°C for 20 min and neutralized with an equal volume of 2M NH,OAc. The denatured 
or-hydrolysed RNA was diluted to 200 pl with 20xSSC (1 xSSC = 150mM NaCl, 15 mM sodium citrate) and spotted onto a nitrocellulose filter presoaked i 
20x SSC using a dot-blot apparatus (BRL). The filter was directly dried in vacuo at 80°C for 45 min and hybridized with nick-translated 2p labelled EGF cDN 
_ insert as described previously“. C,. RNA was denatured in formamide/formaldehyde*’, analysed in a 1% agarose gel, transferred to a nitrocellulose filter and. 
_ hybridized with: nick-translated 32D Jabelled cDNA insert. D, One lobe of a male BALB/c mouse (8 weeks old) submaxillary gland was excised and inflated 
using a syringe filled with Dulbecco’s modified Eagle's medium lacking cysteine and methionine (DMEM, Cys’, Met™) and containing 0.1 mg mi! soyb: 
‘trypsin inhibitor (STI). The gland was cut into small sections and incubated for 2.5 h at 37°C in 2 ml of DMEM (Cys , Met’) containing 0.1 mg ml”! STI. 
solution: was removed and 2'ml! of the same medium containing 50 pCi ml”! each of L-[°*S]Cys ($J.232: Amersham) and L-[°°S]Met (SJ.204; Amersham) were 
added. A’single kidney was removed, sliced, rinsed in DMEM (Cys’, Met”) and preincubated as above. In both cases, tissue sections were labelled for 4h, then 
centrifuged at 4,000 r,p.m. for 10 min at 4°C. The medium was removed and the tissue homogenized in 0.5 ml of 100mM NaCl, 20 mM Tris-HCl, pH 8.0, mM - 
EDTA, 0.5% Nonidet P-40 and 0.5% sodium deoxycholate (TNEND). The homogenate was centrifuged for 5 min at 4°C in an Eppendorf microfuge; 50x106. 
acid-precipitable c.p.m. were diluted to 700 pl with TNEND, then 200 pl of a 20% solution of Protein A-conjugated Sepharose CL-4B in TNEND, 20% bovine. 
serum albumin were added. The solution was agitated at room temperature for 15 min, then centrifuged in a microfuge for 30s; 125 yl of the cleared supernatant: 
were incubated for 2h at room temperature with 6 yl of antiserum. The antigen-antibody complex was precipitated, washed and dissociated in 40 yl of sample 
buffer as described previously”’. The bound antigens were analysed by electrophoresis on a 15% SDS-polyacrylamide gel”, treated with Enlightening (NEN), - 
dried and autoradiographed. 





We next investigated the tissue and cellular sites of synthesis confirmed that preproEGF mRNA is synthesized in the renal 
of preproEGF mRNA by in situ hybridization (Fig. 2). Com- cortex and the outer medulla. Consistent with the relative mRNA 
parison of the autoradiograph of a sagittal section of a male levels in this tissue (Table 1), no sexual dimorphism is observed : 
mouse with a photograph of the adjacent slice (Fig. 2A, B) and the intensity of labelling is about the same as that found: 
indicates that preproEGF mRNA is present in high levels in in the male mouse submaxillary gland. The results of liquid. 
the cortex of the kidney, in the submaxillary gland and in a emulsion autoradiography localizes synthesis to the cells that. 
region of the mouth possibly coincident with the incisors. (The constitute the straight and the beginning of the convoluted. 
grains observed in the vertebrae are probably nonspecific as portion of the distal tubules; preproEGF mRNA levels are 
they also occur with several unrelated probes.) The identity of higher in the former, and indistinguishable from background in- 
the intensely labelled area within the mouth has not been the proximal tubules and collecting ducts (Fig. 2F). 
verified. However, as EGF accelerates incisor eruption in The distal tubules of the kidney are involved in the fine- 
neonatal mice**, this region may be involved in the continuous regulation of urine composition”®: in particular, CI” is actively 
growth of these teeth in rodents. transported out of the tubular fluid, aldosterone promotes the 

As expected from the immunocytochemical studies", liquid reabsorption of Na* and the secretion of K* and H* and in. 
emulsion autoradiography shows that preproEGF mRNA is some species including the rat, vasopressin increases the permed 
produced by the granular convoluted tubules of the submaxillary bility of the distal tubules to water. The function of (pre)proEGF. 
gland, but the cytoplasmic concentration of grains is greater in in these kidney cells is unknown. Hydropathic analysis”! sug- 


male (Fig. 2C) than female cells (Fig. 2D), at least partially gests that preproEGF may be a membrane protein as it contains : 
accounting for the 10-fold higher levels of EGF observed in the an internal hydrophobic domain (amino acids 1,039-1,058) 


male tissue (Table |). Lower but equivalent amounts of prepro- adjacent to the EGF moiety (amino acids 977-1,029). If... 
EGF mRNA are found in the striated ducts of the male and (pre)proEGF is anchored in the basal or luminal surface of the. ~ 
female sublingual gland and none was observed in the parotid cell membrane, it could be processed to EGF or other biologi- 
gland (data not shown). cally active peptides by enzymes present in serum or urine, 


Low-resolution autoradiography of renal sections (Fig. 2E) respectively. It seems unlikely, though, that this is its only 
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Fig. 2 Jn situ hybridization of 
preproEGF cDNA to mouse 
tissues. Sagittal section of an 
adult male Swiss-Webster 
mouse. B-F, Autoradiographs 
of sections of a whole mouse 
(B), male submaxillary gland 
(C), female submaxillary gland 
(D), transverse section of a 
male kidney (E) and male kid- 
ney cortex (F). B,E were 
obtained by direct exposure to 
_ X-ray film; C, D and F were 
obtained from liquid emulsion 
autoradiography. S, submaxil- 
lary gland; K, kidney; M, 
mouth region; G, granular con- 
voluted tubule cells; A, acinar 
cells; D, distal tubule; and P, 
proximal tubule. The distal 
tubules can be distinguished 
from the proximal kidney 
tubules by their wider lumen 
and thinner walls. Methods: 
Mice were killed by 
intraperitoneal injection of 
pentobarbitol, frozen in 
hexane/dry ice and embedded 
in a 2% carboxymethylcel- 
lulose gel. Midline sagittal sec- 
tions (30-40 um thick) of the 
intact mouse were cut at —20 °C 
using a PMV cryomicrotome 
(LKB). Isolated slices were 
adhered to transparent tape and 
immediately fixed at room tem- 
perature in 0.1 M phosphate, 
pH7.3 containing 2.5% 
glutaraldehyde. The sections 
were rinsed in hybridization 
solution™, pre-annealed at 
40°C for 2h, rinsed in ethanol 
and air-dried. Hybridization 
with **P-labelled preproEGF 
cDNA (Fig. 1A) was carried 
out under glass slides for 3 days 
at 40°C in a sealed humidified 
chamber. The sections were 
then washed briefly in 2 x SSC, 
followed by a final wash for 
45 min in 1 x SSC at 40 °C. They 
were rinsed in ethanol, air-dried 
and directly exposed to X-ray 
film (Cronex MRF 32; 
DuPont). For liquid emulsion 
autoradiography, 4 m-thick 
sections of submaxillary glands 
and kidneys were fixed in 
sodium phosphate buffer, 
pH 7.2 containing 4% glutaral- 
dehyde and treated as described 
previously**°, 





- - steroids similar to that produced by castration® * 
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physiological role, and it is tempting to speculate that (pre)pro- 
EGF functions as a receptor in the cells of the distal tubules, 
< regulating membrane transport events. 
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About one-third of human breast cancers require hormones for 
their continued growth’, and endocrine ablation or anti-hormone 
therapy can cause regression of these tumours. As a consequence, 
ovariectomy in premenopausal women or administration of an 
anti-oestrogen (tamoxifen) in postmenopausal women represent 
major options for treatment of metastatic breast cancer. Alterna- 
tively, chronic administration of agonistic analogues of luteinizing 
hormone-releasing hormone (LHRHY causes regression of mam- 
mary tumours in experimental animals’, and such treatment has 
shown promise in a small series of premenopausal women with 
advanced breast cancer’. It has been assumed that these results 
were achieved by suppressing the pituitary—-ovarian axis, as the 
treatment ‘causes a reduction in circulating | levels of gonadal 
. However, LHRH 
agonists can exert major effects on tissues other than the pituitary 
in animals"? and in the human’ '*. Such findings, coupled with 
reports of LHRH in human breast milk'® and immunohis- 
tochemical evidence for the presence of LHRH-like activity in 
some human breast tumours'’, prompted us to test whether LHRH 
agonists could have direct antitumour effects. We now report major 
direct effects of LHRH and its agonists on the growth of breast 
tumour cells in culture. 


For these studies we used the MCF-7 breast tumour cell line, 
the growth of which is responsive to sex steroids'*°. In pre- 
liminary studies, addition of the LHRH agonist D-Ser. 
(Bu')"LHRH(1-9)-ethylamide (HOE 766; Hoechst) to MCF-7 
cells every 2 or 3 days during culture inhibited cell growth; but 
this effect was not major and was inconsistent. However, when 
the LHRH agonist was added daily to the MCF-7 cells it caused 
major consistent suppression of cell growth in a dose-related 
manner (Fig. la). Culture of cells in the presence of concentra: 
tions of LHRH agonist in excess of 107° M resulted in a ne 
decrease in cell numbers over the 4-day period of the experimen 
These effects were highly reproducible (Table 1). It was- al: 
possible to elicit inhibitory effects on cell growth using na 
LHRH, although much higher concentrations were requi 
than with the LHRH agonist (Fig. 1b). The major inhibito 
effects of LHRH agonist on cell growth were blocked complete 
by addition of the LHRH antagonist [ N-Ac-D-Nal(2)', p-pCl. 
Phe’, D-Trp°, D-Har(Et,)°, p-Ala’°]LHRH, the combination of 
this peptide and the agonist having no greater effect than the 
antagonist alone (Fig. Ic); the latter caused only minor bit 
statistically significant suppression of cell growth. ; 

The fact that the LHRH antagonist blocks the inhibito 
effects of the LHRH agonist on the tumour cells suggests the. 
involvement of specific receptors. Using whole cell preparations 
of the MCF-7 line, we were able to demonstrate specific binding 

of '**}-labelled LHRH agonist (Fig. 2), for which LHRH showed 
minor but significant competition whilst thyrotropin releasing 
hormone (TRH) had no effect. The concentrations of LHRH 
agonist required for displacement (10~°-107* M) indicate tha 
the binding sites are of apparently low affinity when compared — 
with extrapituitary binding sites for LHRH agonists in the rat”?! 
However, the present observations are similar to those in other. 
human extrapituitary tissues (ovary, testis and . Placenta) whi 
also possess low-affinity binding sites for LHRH agonists" 
Moreover, in these tissues 11524-26 as in the MCF-7 cells stuc 
here, concentrations of LHRH agonist which are insufficien 
displace the binding of radiolabelled tracer under receptor-assay 
conditions (107°? M) are capable of eliciting clear-cut biological 





Table 1 Reproducibility of the inhibitory effects of LHRH agonist on cell numbers during culture of the MCF-7 line 





Concentration of 


added LHRH No. of 
agonist (M) experiments H 
0 (7) 1.354019 
107 (5) 1.144 0.06* 
107 (3) 0.96 + 0.054 
107° (2) 0.890.107 


Day of culture 


2 ; 3 4 
1,93 +0.39 2.49 + 0.36 2.89 + 0.39 
1.07 + 0.138 0.77 + 0.118 0.64 0.15§ 
0.90 + 0.144 0.58 + 0.128 0.39 + 0.10§ 
0.85 + 0.044 0.51 +0.01$ 0.15 + 0.078 





Values are the mean +s.d. and refer to the ratio of cell numbers on the day of collection to that (0.5 x 10°) plated initially on day 0. Experimental : 


conditions and statistical analysis were as described for Fig. 1. 


* P< 0.057 + P<0.02; $P:<0.01;-§ P< 0.001; in comparison with respective control values (Student's t-test). 
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-Figi In on of the growth of MCF-7 breast tumour cells by. 
LHRH and its agonists and blockade of inhibition by an. LHRH 
antagonist. a, Dose-response relationship for the LHRH agonist 
(LHRH-A). b, Comparison of LHRH and the LHRH agonist. c, 
Effect of the agonist or an antagonist of LHRH (LHRH Ant), 
either alone or in combination. In a, all doses of LHRH agonist, 
other than 10°'' M, caused significant (P<0.001) overall sup- 
pression of cell growth compared with the control, in 6 LHRH 
agonist and both doses of LHRH caused: significant (P < 0.001) 
suppression of growth, whilst in c, LHRH antagonist caused minor 
but significant (P< 0.001) suppression of growth and the two 
hormones together had no greater effect (P > 0.1) than the LHRH 
antagonist on its own. 

Methods: MCF-7 cells were provided by Michigan Cancer Founda- 
tion and were used at their 183rd passage. The cells were grown 
at 37°C in Dulbecco’s minimal essential medium containing 10% 
heat-inactivated fetal calf serum and 16 mM sodium bicarbonate 
in 175-cm? flasks under a humidified atmosphere of 5% CO): 95% 
air. Cells growing in log phase were then collected (= day 0) and 
0.5x10° cells in 4ml culture medium were plated out in 60 mm 
Petri dishes. The various hormones were added after being dissol- 
ved in culture media at the appropriate concentration and sterilized 
by filtration. All media were replaced daily. Petri dishes were 
incubated at 37°C as described above for the periods indicated. 
Cells were collected after removal of culture media by washing 
with 0.02% EDTA in | ml phosphate-buffered saline (PBS) fol- 
lowed by incubation with 0.1% trypsin in 4ml PBS for 5 min at 
37°C. Cells were then counted in a haemocytometer. The values 
shown represent the mean and range of triplicate cultures at each 
time point and hormone concentration. The experiments illustrated 
are representative of at least two similar experiments (see also 
Table 1). Results were analysed using two-factor analysis of vari- 
ance to indicate whether there was an overall significant effect of 
a particular hormone treatment. Where such differences were 
observed, further comparison of results for individual days was 
done using Student's t-test. 


































olated MCF-7 breast tumour cells by unlabelled LHRH agon- 
, native LHRH and TRH. All doses of LHRH agonist above 
and the two doses of LHRH above 10°°M suppressed 
nding. significantly (P <0.05 to P <0,001). 

ethods: Cells were grown as described in Fig. 1 and collected 
from flasks by flushing medium in and out using a Pasteur pipette. 
The cells were then washed in M199 (Flow) containing Hank’s 
a 20mM HEPES and bovine serum albumin (BSA; fraction 
igma; 0.25 mg ml~'), precipitated by centrifugation at 4°C for 
} min at 250g and then resuspended in the same medium. Aliquots 
of 1.2 10° cells were then incubated in 63 x11 mm polystyrene 
bes together with 200,000 c.p.m. '**I-labelled LHRH agonist”? 
and unlabelled hormones at the indicated concentrations in a final 
Volume of 0.3 ml. Cells were incubated for 10 min at 21°C and 
then placed on ice for 10min. After addition of 2 ml ice-cold 
- medium the cells were precipitated by centrifugation at 4°C for 
- 10min at 1,000g, and radioactivity in the precipitate measured. 
. The total tracer bound to cells was 18,000c.p.m. and of this 
10,000.c.p.m. was displaced by 5 x 107* M unlabelled LHRH agon- 
ist; the remaining 8,000 c.p.m. was considered to represent non- 
pecific or non-displaceable binding and was subtracted from all 
values for construction of the figure. Values show the mean and 
5 range of quadruplicate incubations. 


ffects. This paradox is unexplained but it may be simply a 
eflection of the different time periods and temperatures used 
forassessment of the receptor-binding potency of LHRH agon- 
Asts.and that used for assessment of the biological potency. 
lernatively it is possible that high-affinity binding sites for 
HRH agonist are present in MCF-7 cells and these other 
issues, but that they represent a small proportion of the total 
binding sites present. It is also noteworthy that, in the present 
studies, maximum binding of radiolabelled LHRH agonist was 
btained after only 10 min incubation at 21 °C. Longer incuba- 
on (20-30 min) resulted in a marked decrease in binding (data 
at shown), presumably as a result of proteolytic degradation. 
Again, this is similar to findings for binding of LHRH agonist 
the human ovary, testis and placenta’-***. This presumed 
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proteolytic activity associated with MCF-7 cells would also 
explain our inability to show consistent inhibitory effects of the 
LHRH agonist on cell growth unless the media were replenished 
with fresh LHRH agonist every 24h. 

To our knowledge, the present data represent the first 
unequivocal demonstration that LHRH is capable of exerting 
major direct effects on the growth of human breast cancer cells. 
The possibility that these effects represent an anti-steroidal 
action, as has been reported for LHRH agonists in other 
tissues’’*, cannot be excluded at this stage, as the growth of 
the MCF-7 cell line may be stimulated by small amounts 
(1071! M) of oestradiol”? such as are present in the fetal calf 
serum included in these cultures. 

At present, trials with LHRH agonists are being conducted 
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in premenopausal women as a form of medical ovariectomy", 
but if direct effects on breast tumour cells are possible there is 
no. reason why application of this therapy should be restricted 
to premenopausal patients. Indeed, treatment with LHRH agon- 
ist can produce objective responses in some postmenopausal 
women with breast cancer and inactive ovaries”, results which 
are consistent with direct antitumour effects of the LHRH agon- 
ist: However, as the present findings suggest that the LHRH 
agonist had to be replenished daily to be effective in inhibiting 
tumour cell growth, then conventionally used doses of LHRH 
agonists and their method of administration to patients are 
< probably insufficient to produce drastic direct antitumour effects. 
Infusion or implantation techniques would be required and such 
approaches a are currently being developed by pharmaceutical 
companies? 

We eak Dr J. Sandow (Hoechst) for the gifts of LHRH and 
the LHRH agonist and Drs J. J. Nestor and B. H. Vickery 
(Syntex) for the gift of the LHRH antagonist. We thank Professor 
A. M. P. Forrest for helpful suggestions and support. 
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Much of | the differentiation of murine T cells takes place in the 
thymus’, perhaps influenced by the operation of stringent selec- 
tion mechanisms whose existence has been inferred from the high 
rate of thymocyte turnover in the absence of extensive emigra- 
’-*", The origin of those 1% of total thymocytes which leave 
the thymus and seed the peripheral lymphoid organs is obscure. 
Recent thymic ‘emigrants are functionally and phenotypically 
<- mature "t, and the purported greater maturity of medullary 
relative to cortical thymocytes is often cited as evidence for the 
medullary origin of thymic emigrants'*, a suggestion not without 
its critics’*"”. To approach this question, we have now isolated a 
subpopulation of thymocytes expressing high levels of a receptor 
that mediates the homing of blood-borne lymphocytes into 
peripheral lymph nodes. Surprisingly, this population of cells 
(1-3% of total thymocytes) is both cortical and immunocompetent, 
containing approximately half of all thymic cytolytic T-lymphocyte 
precursors. The combination of homing receptor expression and 
immunocompetence makes this cortical population ideally suited 
for emigration to peripheral lymphoid organs. 

The migration of recirculating lymphocytes from the blood 
into lymph nodes and Peyer's patches is initiated by their selec- 
tive adherence to the endothelial cells lining the post-capillary 
high endothelial venules'*-”°. One structure on the surface of 
the murine lymphocyte which i is involved in this interaction is 
a glycoprotein of relative molecular mass 80,000 recognized by 


the recently described rat monoclonal antibody MEL-14 (ref. ° 


a. 
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21). Preincubation of lymphocytes with MEL-14 specific: 
blocks their migration into lymph nodes in vivo and preve 
their attachment to high endothelial venules in tissue se 
from peripheral lymph nodes but not from Peyer’s patche: 
Thus, murine lymphocyte recirculation seems to be directed 
the interaction between determinants differentially expressed 
peripheral node and Peyer's patch high endothelial venules 
receptors for these determinants expressed by lymphoe te 
Peripheral B and T cells generally express homing rece to 
that can interact with both peripheral node and Peyer’s P te 
determinants?” 

Most thymocytes express only low levels of the determinant 
recognized by MEL-14 and accordingly bind poorly t 
peripheral node endothelial venules”'. However, staining o! 
thymic sections with MEL-14 has revealed three populati 
based on homing receptor expression: a MEL-14 negative 
low medullary population, a major MEL-14 low to interme 
cortical population, and a rare population of medium-lar; 
scattered throughout the cortex which expresses high leve 
the MEL-14 determinant'’. We reasoned that the expression 
receptors for homing to peripheral lymphoid organs would 
associated with a late stage of intrathymic differentiation 
argument supported by the observation that these recept 
not expressed by thymocytes recently derived from the. 
marrow, but that they are expressed by most peripheral T 
newly emigrated from the thymus'’. We therefore analysed, i 
a limiting dilution assay of the thymic cytolytic T lymphocyte 
(T.) precursors, the immunocompetence of that population o! 
cortical cells which stains brightly with MEL-14. 

Viable thymocytes stained with MEL-14 were sorted by: flow 
cytofluorimetry into two populations: those expressing the 2-3% 
highest levels of the MEL-14 determinant (MEL-14™) and thos 
expressing the lowest 45-55% levels (MEL-14'°). The fluores 
cence profile of thymocytes stained with MEL-14 shows a shoul- 
der of brightly stained cells (Fig. 1a) which can be successfully 
separated from the bulk of thymocytes (Fig. Ic). Forward light. 
scatter profiles also reveal the relatively large size of the MEL- 
14" thymocytes obtained, an observation made DER 
the analysis of tissue sections!’ 

Separated and unseparated BALB/ c (H-2°) thymocytes were 
cultured in the presence of interleukin-2-containing supèr- 
natants with irradiated allogeneic B6 (H-2°) spleen cells, and 
assayed 7 days later for T.-cell activity. Initial experiments 
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Fig. 1 Forward light scatter (right panels) and fluorescence pro- 
files (left panels) of MEL-14-stained thymocytes. Thymuses from 
J-week-old BALB/c females were removed free of parathymic 
lymph nodes, and 10° thymocytes were stained with 2 mi biotin- 
conjugated MEL-14 at concentration of 200 pg ml™', followed by 
2 mi fluorescein-conjugated avidin (Vector Laboratories) at a con- 
centration of 100 pg ml~'. Viable cells were sorted with coincidence 
_ circuits in, using a fluorescence-activated cell sorter (modified 
‘ACS IE, Becton-Dickinson). Fluorescence profiles (fluorescence 
intensity in arbitrary logarithmic units) and forward light scatter 
rofiles used as a measure of cell size (arbitrary linear units) are 
from a, unseparated thymocytes; b, thymocytes sorted for 
_- expression of the lowest 50-55% levels of MEL-14; ¢, thymocytes 
sorted for expression of the highest 2-3% levels of MEL-I4. 
Control thymocytes incubated with biotinylated isotype-matched 
tive control antibody and. fluorescein-avidin showed only 
background levels of staining. Note the shoulder of MEL-14™ cells 
in the unseparated population, the efficiency of the separation on 
- the basis of MEL-14 expression, and the larger size of the MEL-14" 
a relative to MEL-14° thymocytes. 


performed in bulk culture revealed a >10-fold difference 
between MEL-14" and MEL-14"° thymocytes in the amount of 

olytic activity per recovered cell, with the MEL-14™ popula- 
nowing the highest activity. To quantify the number of 
l precursors. in unseparated, MEL-14" and MEL-14'° 
populations of thymocytes, mixed lymphocyte cultures were 
carried out in limiting dilution. Figure 2 shows the data from 


hymocytes are strikingly uniform in their numbers of anti- 
; T-cell precursors, as are the unseparated thymocytes. The 
greater variation among the MEL-14° populations can perhaps 
be ascribed to a greater variation in the sorting gates between 
experiments (required to separate an adequate number of these 
latively inactive cells for analysis), coupled with the intermedi- 
ate T,-cell precursor frequency of thymocytes expressing inter- 
mediate levels of the MEL-14 determinant (data not shown). 
-These data illustrate that separation of thymocytes on the basis 
of high levels of homing receptor expression efficiently enriches 
for precursor T, cells: MEL-14" thymocytes have a 250-fold 
igher alloreactive T-cell precursor frequency than do MEL- 14° 
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Fig.2 The MEL-14" population of thymocytes contains alloreac- 
tive T,-cell precursors. Thirteen to 30 wells each of several serial 
dilutions of separated and unseparated thymocytes from 6-7-week- 
old BALB/c (H-2") mice were cultured in round-bottomed 96-well 
plates (Costar) with 10° allogeneic B6 (H-2°) irradiated spleen 
cells. Cultures contained a-methyl-p-mannoside and 16% super- 
natants from Con A-activated rat spleen cells. After 7 days, cultures 
were assayed for T,-cell activity in a 4-h assay, using as target cells 
51Cr-labelled EL4 (H-2°) cells (7-9% spontaneous release) or B6 
3-day Con A blasts (14-25% spontaneous release). Positive wells 
were those in which the amount of °'Cr released exceeded by three 
standard deviations that released in wells containing stimulators 
alone. Responding cells were: a, unseparated thymocytes; b, MEL- 
14” thymocytes; c, MEL-14" thymocytes. Also shown are the mean 
inverse precursor frequencies (1/f)+s.e.m. from four independent 
experiments. Precursor frequencies were calculated by weighted 
mean analysis** and curves were drawn according to parameters 
calculated by the least-squares method**. The coefficients of deter- 
mination for the individual experiments were: a, 0.97-1.00 (0.94 
for combined experiments); b, 0.99- 1.00 (0.83 for combined experi- 
ments); c, 0.98-0.99 (0.97 for combined experiments). 


thymocytes. In fact, if MEL-14" thymocytes comprise 3% of 
total thymocytes, this population would contain about half the 
anti-H-2° precursor T, cells contained within the entire thy- 
mocyte population. This enrichment in cytolytic precursors is 
also evident among large cells separated by elutriation and 
secondarily sorted according to MEL-14 expression (data not 
shown), and is therefore a function, not of size, but of MEL-14 
expression. The MEL-14 determinant is clearly expressed on a 
select population of immunocompetent thymocytes. 

The MEL-14” population of BALB/c thymocytes includes a 
large number of T, precursors specific not only for H-2°, but 
also for H-2*, H-2° and trinitrophenyl (TNP)-modified self 
H-2", with 50-250-fold higher activity in the MEL-14" than the 
MEL-14" population (Table 1). The: low number of MEL-14™ 
cells available prevents the inclusion of a full range of specificity 
controls in these experiments. However, extensive experiments 
with unseparated thymocytes indicate that these limiting dilution 
conditions result in activation mainly of specific T,-cell precur- 
sors (data not shown). With the caveat that MEL-14" cells may 
have different activation requirements and that some limiting 
dilution conditions result in activation of T, cells that have a 
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Table i T-cell precursor frequency of three populations of thymocytes 


Inverse precursor frequency 


Anti- 
Responding BALB/c 
BALB/c Anti- Anti- plus Anti- 
thymocytes Anti-B6 BALB-K ASW TNP B10-D2 
MEL-14 stained 9,425 5,057 22,720 63,310 42,100 
MEL-14 iow 150,300 108,800 142,800 852,600 30,540 
MEL-14 high 616 661 1,215 16,780 37,690 





Separated and unseparated BALB/c thymocytes were cultured in limiting dilu- 
tion as described i in Fig. 2 legend, using as stimulator spleen cells from B6 (H-2°), 
BALB- K (H-2"), ASW (H-2"), BALB/c conjugated with TNP”, and Bi0-D2 
(H-2° plus minor H). Responder thymocytes used to generate minor H-specific 
celis were derived from mice injected intraperitoneally 13 days previously with 
1.810’ viable BIO-1D2 spleen cells. *Cr-labelled target cells were EL4 (7-9% 
spontaneous release) or 3-day concanavalin A stimulated (Con A) blasts of the 
stimulator cell type, spontaneously releasing 1!-26% of Scr during the 4-h T-cell 
assay. Anti-B6 frequencies were averaged from four experiments (Fig. 2), anti- 
B10 D2 from three experiments, and the remaining data calculated by weighted 
mean analysis of single experiments. 


variety of specificities****, we can conclude that the diversity of 


the cytolytic response by MEL-14" thymocytes is so far indistin- 
guishable from that of unseparated thymocytes or peripheral T 
cells. The frequencies calculated from these primary cytolytic 
responses can be contrasted with those obtained from the thymic 
cytolytic response to minor histocompatibility (minor H) anti- 
gens, which requires in vivo priming™. The minor H-specific 
T-cell precursor frequency is the same among the separated 
thymocyte populations, perhaps as a result of this. priming. One 
component of the thymic minor H-specific memory T,-cell 
response is due to the activity of mature peripheral T cells which 
have returned to the thymus”®; moreover, T cells that have 
undergone antigen-specific or lectin-mediated stimulation are 
known to temporarily lose homing receptor and the MEL-14 
determinant?'?’, Thus, both thymocytes recently primed to 
minor H and antigen-activated peripheral T, cells which re-enter 
the thymus would. be expected to express low levels of the 
MEL-14 determinant. These data therefore emphasize both the 
diversity of the MEL-14" intrathymic T,-cell response and the 
lack of contribution to this response by mature peripheral T 
cells, 

The experiments reported here define a subpopulation of 
thymocytes which expressed high levels of a peripheral lymph 
node homing receptor, and which includes at least one-quarter 
to one-half of the alloreactive T,-cell precursors contained within 
the entire thymocyte population. The cortical location of MEL- 
14" thymocytes has been clearly shown by immunoperoxidase 
staining of tissue sections", and is supported indirectly by 
evidence such as the medium-large size of many MEL-14™ 
thymocytes (Fig: 1c and ref. 17). In contrast to their cortical 
location, other characteristics of MEL-14" cells, such as cor- 
tisone resistance'’ and the levels of expression of surface 
markers (for example, H-2, Thy-1, L3T4, Lyt-!, Lyt-2, and 
peanut agglutinin receptors; R.A.R., in preparation), classify 
MEL-14" thymocytes as mature cells. Thus, previous studies 
defining the medulla as the source of immunocompetent thy- 
mocytes could have categorized MEL-14" cortical cells as 
‘medullary’. The identification of a mature subpopulation 
of thymocytes scattered throughout the cortex therefore reopens 
the question of the immediate origin within the thymus of the 
cells which will emigrate and contribute to the pool of functional 
peripheral T cells. Because the high levels of expression of the 
MEL-14 determinant by the T,-cell precursor-containing cortical 
population distinguishes these cells and recent thymic emigrants 
from medullary cells'’, the most ‘parsimonious’ model suggests 
that the emigrants are derived from the pool of functional, 
MEL.-14" cortical thymocytes. Our data do not permit localiz- 
ation either of the remaining T,.-cell precursors or of any 
immunocompetent, non-cytolytic thymocytes. Perhaps an analy- 
_ sis of cells expressing functions other than cytolytic activity will 

. Clarify the role of medullary thymocytes. 
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Haemoglobin switching in humans provides a unique model for 
investigating the mechanisms underlying expression of a develop- 
mentally regulated gene family. Numerous studies have focused. 
on the switch from fetal to adult (that is, y -> f) globin’, bu 

little is known about the embryonic fetal (that is, [> a@ an 

£ — y) switches, as well as the transition from ‘primitive’ yolk sac 
to ‘definitive’ liver erythropoiesis’’. Here we have studied the. 
embryonic > fetal haemoglobin switches in yolk sac, liver and. 
circulating blood erythroblasts from 25 embryos and 6 fetuses. 
Globin synthesis was also evaluated in purified ‘primitive’ and 
‘definitive’ erythroblasts. Primitive erythroblasts synthesize essen- 
tially ¢ and £ chains at 5 weeks and æ- and e-globin with a minor 











aliquot of { and y chains at 6-7 weeks, whereas definitive erythro- 
blasts produce a and £ + y + B-globin at 6 weeks but only œ and 
y+ chains from 8 weeks onward. In both lineages the ¿> a 
and the £ > y switches are asynchronous, the former preceding 
the latter. Furthermore, £- and -globin synthesis is restricted to 
primitive and definitive erythroblasts respectively. These findings 
are discussed in terms of a monoclonal model for haemoglobin 
switching in early human ontogeny. 

In human embryos, ontogenic development of the erythron 
entails parallel switches of erythropoietic site, erythroblast mor- 
phology and haemoglobin (Hb) content”. The primitive yolk 
sac-derived lineage consists of nucleated ‘megaloblasts’, which 
- appear 2-3 weeks after conception’~’ and are present in circulat- 
ing blood from 4 to 10-12 weeks**. The definitive lineage con- 
‘sists of ‘macrocytic’ erythroblasts, which arise in the liver at 6-7 
weeks and generate enucleated red cells which enter the circula- 
tion from about 8 weeks onward**’. In the earliest embryos 
examined so far (~7 weeks old), haemoglobin Gower | (£5€2), 
Gower 2 (a22) and Portland (£,y,) account for ~65% of the 
total haemoglobin content in blood'®; they are then rapidly 
eplaced by fetal haemoglobin (HbF; a y) and some adult 
haemoglobin (HbA; a8), which are virtually the only haemo- 
globins present in peripheral blood from 10-12 weeks 
onward?-*-!°, 

. Adequate analysis of the embryonic fetal haemoglobin 
switch has been virtually precluded so far, for three reasons. 
(1) Yolk sac, liver and blood from 5-6-week-old embryos have 
simply not been available for studies of haemoglobin*’’. (2) 
Globin synthesis in blood, evaluated only in embryos and fetuses 
at 8-34 weeks, failed to demonstrate production of embryonic 
chains''?, hence the timing of the embryonic fetal switch has 
been grossly extrapolated from haemoglobin content in 7-10- 
week-old blood’. (3) Although primitive and definitive erythro- 
blasts may coexist in liver and blood, no information was avail- 
able on their differential embryonic haemoglobin content and/or 
synthesis. 

Here we have analysed yolk sac, liver and blood erythroblasts 
from 25 embryos and 6 fetuses, obtained virtually intact from 
legal curettage abortions 5-10 weeks after conception. The age 
of 5-8-week-old embryos was carefully established by morpho- 
logical staging, according to multiple, precise criteria'*:'*; 9-10- 
week-old fetuses were staged on the basis of standard 
age/crown-rump length (CRL) plots'*’*. The integrity of the 
examined embryos and fetuses gave a dating error of as little 
as +2 days'*'*, Yolk sacs were available only from 5-week-old 
embryos. Erythroblasts from liver and circulating blood were 
obtained from 5 or 6 weeks to 10 weeks respectively. 

At 5 weeks, yolk sacs contain only megaloblasts at all stages 
of maturation (Fig. la), which are simultaneously present in 
circulating blood, and particularly in intrahepatic sinusoids (Fig. 
Eb). There was no evidence of either primitive or definitive 
erythropoiesis in 5-week liver parenchyma. Definitive erythro- 
blasts appear in 6-week-old liver and enter the circulation at 8 
eeks’. The ratio of primitive to primitive plus definitive eryth- 
toblasts in liver is 1.00 at 5 weeks, 0.69+0.15 at 6 weeks, 
0.15 0.05 at 7 weeks, and <0.05 from 8 weeks onward (mean + 
é.m.). Circulating blood contains primitive erythroblasts at 5-7 
weeks (see below) and a mixed population at 8-12 weeks (not 
shown). 
< The pattern of globin synthesis was analysed by Triton-urea 
electrophoresis (TUE)'® and/or urea~Nonidet P-40 (NP40) 
isoelectric focusing (FEF)'’ of *H-iabelled globin chains (Fig. 
2a,b). In 5-week-old embryos (CRL< 10mm, stage 14-15), 
erythroblasts from yolk sac, liver and blood show an identical 
pattern of globin synthesis, that is, predominant synthesis of 
embryonic č- and e-globin (¢{/{+a=0.82+0.04; e/et+y= 
0.83 +0.05). In one case, we observed >95% embryonic globin 
synthesis in both yolk sac and liver erythroblasts. In 6-week-old 
embryos (CRL 10-15 mm, stage 16-17), the £ chain is almost 
completely replaced by a-globin in liver erythroblasts ({/£+ 
a = 0.03 + 0.02), whereas the e chain is still synthesized at rela- 
tively high levels (e/e + y =0.31 +0.10). In four out of six cases, 
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Fig. 1 a, Erythroblasts of the primitive lineage from human yolk 
sac 5 weeks after conception. Virtually intact embryos, obtained 
from legal curettage abortions, were maintained in RPMI 1640 
medium (Flow) for up to 6h. A single-cell suspension!’ was 
cytocentrifuged and stained with eosin-methylene blue (May- 
Griinwald) solution by standard procedures’. The ratio of erythro- 
blasts to total nucleated cells was ~0.60, I, H and III indicate 
erythroblasts at different stages of maturation, according to ref. 7. 
b, Section of 6-week-old liver stained with toluidine blue. m, 
Circulating megaloblasts; b, undifferentiated blast cell; h, 
hepatocyte. 


synthesis of adult -globin was clearly detectable (~1.5% of 
non-a-globin). In 7-week-old embryos (CRL 16-20 mm, stage 
18-20), liver erythroblasts produce low amounts of e chains 
(0.03 + 0.02), which virtually disappear from 8 weeks onward. 
Synthesis of B-globin is 0.05 + 0.02 at 7 weeks, and increases up 
to ~10% at 10 weeks. 

To analyse the differential globin synthesis in primitive mega- 
loblastic and definitive macrocytic cells, >99% pure megalo- 
blasts were obtained from yolk sac at 5 weeks (Fig. 1a), as well 
as from heart and/or cord blood at 6-7 weeks (Fig. 3). At 5 
weeks the megaloblasts synthesize essentially ¢- and «-globin 
(Fig. 2b), and at 6-7 weeks a large amount of a chains and a 
small aliquot of y-globin are also produced (~0.75 and 0.25, 
respectively) (for representative results see Fig. 3). Thus, primi- 
tive erythroblasts undergo a partial embryonic > fetal globin 
switch, the {> a transition apparently progressing more rapidly 
then the £ > y one. We observed no 8-globin synthesis in primi- 
tive erythroblasts. 

Definitive macrocytic erythroblasts have been purified from 
6-7-week-old liver cells using a 7-fraction Percoll density 
gradient'®. In a representative experiment, 6-week-old erythro- 
blasts from fractions 3 and 4 (containing 93% and 83% 
macrocytic cells, respectively) synthesized respectively 0.24 and 
0.28 of e/e + y chain (Fig. 4). At 7 weeks e-globin represented 














Fig. 2 a, Pattern of globin chain synthesis in 
yolk sac (YS) and liver (L) erythroblasts 5-10 
weeks after conception. Values at 5 weeks were 
always identical in yolk sac and liver from the 
same embryo. Cells (0.5-3.0 x 10°) were incu- 
bated for 2h at 37°C in air with 100 pCi of 
*H-leucine (>100mCimi7'; Amersham) in 
0.5m! of leucine-free human dialysed AB 
plasma’. Cells were washed three times in 
phosphate-buffered saline, and lysed in 10 mM 
~ Tris-HCI pH 7.4, 5mM MgCl,. Haemolysates 
` were recovered after high-speed centrifugation, 
freeze-dried and resuspended in small volumes 
of electrophoresis or isoelectric focusing (IEF) 
loading buffer. Triton-urea electrophoresis 
(TUE, right-hand panel) and urea~-NP40 IEF 
(left-hand panel) were carried out on polyacryl- 
amide gels as described elsewhere'®'”, 0.5-1.0 x 
10° c.p.m. in 5-10-y1 volumes were loaded on 
each slot. b, Time course of the {> a (left) and 
e~ y (right) globin switch in the overall pool 
of liver erythroblasts at 5-10 weeks. Relative 
globin synthesis ratios, as determined from 
densitometric tracing of IEF or TUE fluoro- 
graphs, are indicated (mean +s.e.m.). 
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Fig. 3 Primitive lineage erythroblasts from peripheral blood at 6 
weeks (left) and their corresponding pattern of globin synthe: 
(right: improved separation of {- and e-globin was achieved by 
running the TUE gel for 30 h instead of 16 h, as in other experiments 
presented here). Contaminating definitive erythroblasts represen- 
ted <1% of the total. Differential count: type I, 57%; type | H 

39% ; type II, 4% (see Fig. 1 legend). 











Fig.4 Definitive lineage erythroblasts purified by Percoll density 
gradient centrifugation of a 6-week-old liver cell suspension (a 
sand b, fractions 3 and 4, respectively); their corresponding patterns 
“of globin synthesis are shown on the right. Differential count of 
fraction 3 (density = 1.066): proerythroblasts (pro), 13%; 
basophilic erythroblasts (ba), 52% ; polychromatophilic erythrob- 
“lasts (pol), 28%; primitive megaloblasts (m), 7%. Differential 
count of fraction 4 (d = 1.078): pro, 3%; ba, 41%; pol, 39%; 
m, 17%. 


:0,08 in both fractions (not shown). In overexposed fluoro- 
raphs of fractions 3 and 4, the B-chain was clearly present 
ven at 6 weeks, whereas ¢-globin synthesis was always undetect- 
ble. Therefore, the {-globin gene is apparently switched off in 
efinitive erythroblasts. Conversely, the e-globin gene is still 
tially active at 6 weeks, but is gradually suppressed in the 
7-8-week period. 

“In the primitive lineage of yolk sac origin, embryonic ¢- 
and «-globin genes are thus fully active at 5 weeks, but become 
‘ogressively suppressed at 6-7 weeks. Fetal a and y genes, 
onceivably inactive before 5 weeks, are conversely activated in 
balanced fashion. Activation of the a gene, however, occurs 
more rapidly than that of y genes. The 8 gene is always silent. 
in definitive erythroblasts, the € gene is still partially active at 
6 weeks, but totally suppressed at 7-8 weeks: in parallel, the y 
-genes become fully activated, while gradual derepression of the 
‘gene is initiated. The £ gene is always fully suppressed, and 
the a gene totally activated. The ‘lineage exclusion’ of {- and 
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B-gene expression in macrocytic and megaloblastic cells respec- 
tively, indicates that a- and B-like gene clusters are regulated 
via at least partially different mechanisms. 

These data obviously pertain to the cellular origin of eryth- 
ropoietic lineages in early embryogenesis. We suggest that the 
embryonic > fetal haemoglobin switching occurs as a gradual 
continuum, and may be subdivided into two partially overlap- 
ping phases (the initial megaloblastic and the final macrocytic 
one). This phenomenon lends itself to a monoclonal model, 
whereby a single stem-cell pool undergoes in parallel a switch 
of the programme for both erythroid differentiation 
(megaloblasts > macrocytes) and haemoglobin synthesis ({ > a, 
e> y). This pool would first give rise to the primitive, limited 
‘burst’ of yolk sac erythropoiesis, and then migrate to the liver, 
where it would give rise to the definitive erythroblastic lineage. 
Indeed, migration of stem cells from liver to bone marrow 
underlies the establishment of definitive adult erythropoiesis, 
which similarly implies a switch of both differentiation pattern 
(that is, macrocytes > normocytes) and haemoglobin synthesis 
(y> ppt, 

This work was supported by CNR, Rome: Progetti Finalizzati 
‘Ingegneria Genetica’ (83.001019.51 to C.P.), ‘Medicina Preven- 
tiva’ (83.02772.56 to C.P.) and ‘Oncologia’ (84.00730.44 to C.P. 
and 84.00902.51 to F.M.), Gruppo Nazionale Ematologia 
(83.02108.04 to C.P.) and Macromolecole Biologiche 
(84.0073 1.04 to M.M.). We thank Mrs L. Cirrincione for manu- 
script preparation. 


Received 7 August; accepted 24 October 1984. 


i. Stamatoyannopoulos, G. & Nienhuis, A. W. (eds) Globin Gene Expression and Hematopoietic 
Differentiation (Liss, New York, 1983). 

2. Peschle, C. et al. in Current Concepts in Erythropoiesis (ed, Dunn, C.) 339-390 (Wiley, 
London, 1983). 

3. Wood, W. G. Br. med. Bull, 32, 282-287 (1976). 

4. Wood, W. G., Clegg, J. B. & Weatherall, D. J. in Progress in Hematology Vol. 10 (ed. Brown, 
E. D.) 43-90 (Grune & Stratton, New York, 1977). 

5. Gale, R. E., Clegg, J. B. & Huehns, E. R, Nature 280, 162-164 (1979). 

6. Fantoni, A., Farace, M, G. & Gambari, R. Blood $7, 623-633 (1981). 

- Kelemen, E., Calvo, W. & Fliedner, T. M. Atlas of Human Hemopoietic Development 

{Springer, New York, 1979). 

8. Bloom, W. & Bartelmex, G. W. Am. J. Anat. 67, 21-56 (1927), 

9. Marks, P. A. & Kovach, J. S. Curr. Topics dev. Biol. 1, 213-252 (1967). 

10. Hecht, F., Motuisky, A. G., Lemire, R. J. & Shepard, T. Science 182, 91-92 (1966), 

lL Wood, W. G. & Weatherall, D. J. Nature 244, 162-165 (1973). 

12. Kazazian, H. H. Jr & Woodhead, A. P. New Engl, J. Med. 289, 58-62 (1973). 

13. Moore, K, L. The Developing Human 3rd edn (Saunders, Philadelphia, 1982). 

14. England, M. A. Color Atlas of Life Before Birth (Year Book Medical Publishers, Inc., 
Chicago, 1983). 

15. Shepard, T. H., Nelson, T., Dakley, G. P. & Lemire, R. J. in Monitoring Birth Defects and 
Environment. The Problem of Surveillance (eds Hook, E. B., Janerich, D. T. & Porter, 
1. H.) 29-43 (Academic, New York, 1971). 

16. Aker, B. P. & Goff, S. C. Biochim. Biophys. Res. Commun. 94, 843-848 (1981). 

17. Comi, P. et al Proc. natn, Acad. Sci. U.S.A. 77, 362-367 (1980). 

18. Salvo, G., Caprari, P., Samoggia, P., Mariani, G. & Salvati, A. M. Clinica Chim, Acta 122, 
293-300 (1982). 

19. Peschle, C. et al Blood 58, 565-572 (1981). 

20. Alter, B. P. et al New Engl J. Med. 295, 1437-1443 (1976). 


S] 








Appearance of new variants of 
membrane skeletal protein 4.1 
during terminal differentiation of 
avian erythroid and lenticular cells 


B. L. Granger* & E. Lazarides 


Division of Biology, California Institute of Technology, Pasadena, 
California 91125, USA 

* Present address: Department of Cell Biology, Yale University 
School of Medicine, 333 Cedar Street, New Haven, 

Connecticut 06510, USA 





The erythrocyte plasma membrane is lined with a network of 
extrinsic proteins, mainly spectrin and actin, which constitute a 
reticulum tethered to the intrinsic anion transport protein of the 
lipid bilayer through a linker protein, ankyrin’. Protein 4.1 forms 
a stable ternary complex with spectrin and actin*’, thereby 
strengthening the reticulum and anchoring it directly to the lipid 
bilayer” or to another intrinsic protein, glycophorin’. It has been 
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found recently that spectrin , ankyrin and protein 4.1 (refs 
_ 17-20) are not erythrocyte-specific; this has elucidated further 
the mechanisms of plasma membrane assembly and modelling 
during the differentiation of diverse tissues. We have shown pre- 
viously" that protein 4.1 in chickens is most abundant in eryth- 
rocytes and lens cells, but is scarce or absent from other spectrin- 
rich cell types. In addition, it exists as a family of related polypep- 
tides showing differential expression in these two tissues, suggesting 
variant-specific functions. Here we show that the pattern of protein 
4.1 variants changes during the terminal differentiation of eryth- 
roid and lenticular cells, with novel variants appearing in post- 
mitotic cells. The accumulation of these variants may lead to the 
final stabilization of the plasma membrane skeletons of these cells. 

Protein 4.1 in mature chicken erythrocytes has six polypeptide 
variants with relative molecular masses (M,)~ 87,000 (87K) 
100K, LISK, 150K, 160K and 175K (ref. 18), the 115K and 
100K variants being predominant. A distinct set of variants, 
however, has been found in early embryonic erythroid cells. 
Circulating cells from embryos incubated at 38°C for up to 5 
days are primarily primitive series erythroblasts’'?*. Immuno- 
blot analysis using an antiserum specific for protein 4.1 (ref. 18) 
indicates that the major variant of protein 4.1 in these cells is 
87K (Fig. 1, lane 1) with a novel variant of 77K, a 150K variant 
and a cluster around 100K. As the embryos develop further, 
variants characteristic of mature erythrocytes appear and begin 
to accumulate (Fig. 1, lanes 2-5). 

Interpretation of these data in terms of erythroid differenti- 
ation is complicated by the appearance of the definitive series 
erythroid cells in the circulation at about 5 days of incubation. 
In contrast to primitive series cells, which disappear by about 
16 days of incubation, definitive series cells represent the sus- 
tained lineage persisting throughout the life of the organism. 
There is, therefore, a mixed population of erythroid cells in the 
circulation between 5 and 16 days of incubation, with the number 
of definitive cells exceeding that of the primitive cells after about 
9 days”!. 

As cells of these two lineages differ in size, however, they can 

be separated by velocity sedimentation” and analysed indepen- 
dently of one another. In the 7-day embryos, the 100 and 115K 
variants characteristic of mature erythrocytes begin to accumu- 
late in primitive cells (Fig. 2, lanes 5-7), but are nearly absent 
from the definitive cells (Fig. 2, lanes 3, 4). The 7-day definitive 
cell pattern is thus similar to that of pre-S-day primitive cells. 
Similar analysis of 8-day cells reveals that the definitive cells 
have now begun to express the protein 4.1 variants characteristic 
of mature erythrocytes (data not shown). Thus, the ultimate 
change in the pattern of protein 4.1 variants is similar for both 
primitive and. definitive series cells, although not coordinated 
temporally. 
... The appearance of the mature (‘late’) erythrocyte forms of 
“protein 4.1 correlates well with the cessation of cell division. 
Primitive series cells, which develop as a cohort in the embryonic 
circulation, stop dividing at 5-6 days of incubation, whereas 
definitive series cells stop 2-3 days later (thereafter, only post- 
mitotic definitive cells are released into the circulation from 
sequestered sites of erythropoiesis)*'*. This maturational differ- 
ence between the two series suggests that the change in protein 
4.1 variant expression is not triggered by organismal develop- 
ment, but is a function of the differentiation of the cell lines 
themselves. 

To examine the kinetics of the protein 4.1 variant switch, 
circulating cells from a single 7-day embryo were analysed by 
immunoblotting and immunoprecipitation of protein 4.1 from 
5§-methionine-labelled cells. Immunoblotting detects total 
accumulated cellular protein, whereas immunoprecipitation 
reveals the polypeptides being synthesized at that instant. The 
two patterns of protein 4.1 variants thus obtained are similar, 
suggesting that the switch in the synthesis of the protein 4.1 
variants is gradual (Fig. 3, lanes 1-4). Asynchrony in the cell 
population, however, prevents an accurate assessment of the 
kinetics of the switch in single cells; for example, the rate of 
hut-down of the synthesis of the 77K variant in individual, 
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Fig.1 Lanes 1-5, immunoblot analysis of protein 4.1 in cire ulatin 
erythroid cells from individual chicken è 
days of incubation, The embryos were at het foll lowing devel Op: 
mental stages as defined by Hamburger and Hamilron**: 25, 2 
28, 32 and. 35.5, respectively. Cells were lysed hypotonically 
cold 5 mM MgCl, I mM EGTA, 4.4mM Tris (pH 8. 0), boiled 
SDS sample buffer and sonicated to reduce viscosity . Constituen’ 
polypeptides were resolved on a polyacrylamide slab gek a 
electrophoretically transferred to a nitrocellulose filter for sab 
sequent analysis with anti-protein 4.1 antiserum and radi 
protein A}. The numbers on the right designate M, values of 

immunoreactive protein 4.1 variants. v 


Fig.2 Immunoblot analysis of protein 4.1 in erythroid cells from 
an ll-day (stage 36) embryo (lane 1) and from a pool of 7-day 
(stages 2941) embryos (lanes 2-7}. The 7-day cells were. siz 
fractionated by centrifugal elutriation; lanes 3-7 represent cells.ol 
increasing size. The 7-day cells were suspended in cold Han 
buffered saline solution containing SmM NaN,, 0.25% bovin 
serum albumin (BSA), no Me** and no Ca", then loaded with 
flaw rate of 16 ml min”! into a Beckman JE-6B elutriator rotor 
spinning at 2,860 r.p.m.; fractions were eluted sequentially with 
flow rates of 20, 30, 36, 46 and 46 mimin t, respectively {lane 
3-7). These fractions contained either definitive (D) or primitive 
(P) series cells, as determined by their distinctive haemoglobin: 
types (assessed by non-denaturing, pH 8.7 pol ylarnide gel 
electrophoresis? 7; data not shown) and compared with the to 
(T) cell pool by immunoblotting with anti-protein 4.1, All cell: 
samples were hypotonically lysed (as in Fig. 1, but with 10mM 
2-mercaptoethanol included in the buffer) and sedimented; ‘super: 
natants were saved for haemoglobin analysis and cytoskele' 
proteins in the pellet were solubilized with the same buffer contain: 
ing 150mM NaCl, 0.5-1.0% Empigen RB% at 0°C, cleated b 
centrifugation and boiled in SDS sample buffer. These immuno 
blots are indistinguishable from those of parallel samples of cell 
boiled directly in SDS sample buffer afier hypotonic lysis, Lane 
2-7 each represent ~3 x10" cells. Similar results were obtained 
using unit-gravity sedimentation of cells through a BSA gradient, 












post-mitotic cells may be much more rapid than in the popul 
tion as a whole. Together with previcus observations of the low 
level of synthesis of the 77K variant in circulating erythroid 
cells from 11-day embryos" and ¥ n absence of this variant 
from erythrocytes in adult chickens! * the 77K variant seems to 
be either turned over and degr: led in post-mitotic cells. 4 
diluted out by increased synthesis of the other 4.1 variants. In 
contrast, the 87K variant is synthesized and preserved asa major | 
component of the membrane skeleton at all stages of differenti- 
ation, oe 

We sought to determine whether a 
phenomenon could be observed and studie 
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Fig.3 Lanes l-4, immunoprecipitation and immunoblot analysis 
of protein 4.1 from the circulating erythroid cells of a single 7-day 
- (stage 30) chicken embryo. One aliquot of cells was labelled with 
35§.methionine and immunoprecipitated with anti-protein 4.1 
essentially as described previously'®, except that protein A- 
‘Sepharose (Pharmacia) was used as the immunoabsorbent. 
Coomassie blue staining of the immunoprecipitate (lane 1) reveals 
a trace of the 87K variant. Lane 2, mature chicken erythrocyte 
‘membrane proteins** for comparison. [G, globin (ankyrin'®); S, 
~ and B-spectrin; 3, band 3, the anion transport polypeptides; 
V, vimentin (mobility similar to immunoglobulin G heavy chain 
in lane 1); A, actin]. Lane 3, fluorogram of lane 1, showing labelled 
variants of protein 4.1; lane 4, protein 4.1 immunoblot of another 
aliquot of the above cell sample, processed as described for Fig. 
< t. Lanes 5 and 6, protein 4.1 immunoblot of MEL cell cytoskeleton 
.(~4 10° cells in each lane) before (lane 5) and 96h after (lane 
6) differentiation induced by adding 1.8% DMSO to the culture 
= medium”. 





Fig.4 Lane 1, fuorogram of hypotonically lysed and homogen- 
ized lenses from 12-day chicken embryos after labelling in organ 
culture with 200 pCi **S-methionine per mi of methionine-free 
“RPMI 1640 for 4h (S, spectrin; V, vimentin; 6, 5-crystallin: A, 
actin). Lane 2, Coomassie blue stained gel of protein 4.1 
immunoprecipitate of this sample, showing the 175K and 160K 
variants; lane 3, adult chicken lens membranes”? (Coomassie blue 
stained) for comparison; lane 4, fluorogram of lane 2; lanes 5 and 
6, protein 4.1 immunoblots of chick lenses dissected into a cortical 
fibre fraction (lane 5) and epithelium fraction (lane 6); these 
samples were hypotonically lysed, homogenized and sedimented 
before solubilization for electrophoresis”®. 
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in vitro system. Murine erythroleukaemia (MEL) cells are 
transformed cells which can be induced to undergo limited 
erythroid differentiation with a variety of added agents, includ- 
ing dimethyl! sulphoxide (DMSO)**. In contrast to normal mouse 
erythrocytes, which possess two major variants to protein 4.1 
(refs 18, 25), MEL cells have a single immunoreactive variant 
of 77K (Fig. 3, lane 5) of the same electrophoretic mobility as 
the smallest chicken variant, the same as the smallest (‘4.1b’) 
variant of normal mouse erythrocytes. Furthermore, this 77K 
MEL variant does not seem to change during the chemically- 
induced differentiation of these cells, although its quantity per 
cell increases significantly after 96h in DMSO (Fig. 3, lane 6). 
Spectrin synthesis is also induced by this treatment”®. 

Chicken lens fibres possess the same 4.1 variants as mature 
erythrocytes, but in vastly different proportions. The 175K and 
160K variants predominate in lens fibres, whereas the smaller 
variants are virtually absent (ref. 18 and Fig. 4, lane 5). The thin 
layer of lens epithelial cells which proliferates and elongates to 
produce the lens fibres, however, shows a distinct pattern of 4.1 
variants, with the 77K and 87K variants characteristic of prolife- 
rative erythroid cells, a doublet at 140-150K and a trace of the 
175K variant (Fig. 4, lane 6). 

Most of the epithelial cell mass of adult lenses is post-mitotic 
but actively elongating in an equatorial region (the annular pad). 
Differentiation of annular pad cells into lens fibres is the final 
elongation event responsible for continuous addition of new 
cells to the peripheral cortex of the lens throughout life?’?*; the 
immunoblots suggest that this is the stage at which the late 
(175K and 160K) variants of protein 4.1 begin to accumulate 
(Fig. 4, lanes 5, 6). 

Immunoprecipitation of protein 4.1 from **S-methionine- 
labelled 12-day embryo lenses reveals that the 175K and 160K 
variants (characteristic of the fibre cells) are the predominant 
forms being synthesized (Fig. 4, lanes 1-4), correlating with 
immunofluorescence microscopy of frozen sections of these 
lenses (data not shown) and adult lenses'* where most of the 
protein 4.1 is in the fibres and very little in the epithelium. After 
about 4 days of embryogenesis, all of the fibre cells are post- 
mitotic but continue to elongate*’; thus, the late variants of 
protein 4.1 are synthesized apparently during this terminal 
elongation phase, perhaps stabilizing the membrane skeleton as 
it is being assembled. 

Relative to the amount of spectrin present , the quantity 
of protein 4.1 in the lens epithelial cells is considerably less than 
in the cortical fibres; densitometry of immunoblots and 
Coomassie blue stained gels indicates that for a certain spectrin 
concentration there is approximately four times more protein 
4.1 in the fibres than in the epithelial cells (data not shown), 
suggesting that the spectrin network in the epithelial cells is 
more malleable than in the fibres. This quantitative difference 
is superimposed on the contrast between the expressed 4.1 
variants, which may also affect the properties of the membrane 
skeleton. 

In conclusion, our data demonstrate that the expression of 
protein 4.1 changes during the post-proliferative, terminal differ- 
entiation stages of erythroid and lenticular cell development. 
Protein 4.1 shows a relative increase in concentration and an 
alteration in the pattern of synthesized variants, temporally 
correlated with a cessation of activities such as cytokinesis and 
endocytosis and with the establishment of a stable, permanent 
membrane skeleton in these cell types. Protein 4.1 may also 
function to prevent certain membrane proteins, such as gly- 
cophorin, from being unnecessarily endocytosed during the final 
stages of differentiation’’. In addition to the observed diversity 
of its variants, the presence of protein 4.1 in proliferative cells 
indicates that the different variants have different functions or 
binding capacities. We have seen no comparable changes in 
other cytoskeletal proteins during the differentiation of these 
cell types??? suggesting that protein 4.1 represents a key regula- 
tory element in the control of the cytoskeleton. 
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Human tumours often contain DNA sequences not found in normal 
tissues which are able to. transform cultured NIH 3T3 cells. In 
some tumours the gene responsible for this transformation belongs 
to the cellular ras gene family’. A specific type of mutation is 
responsible for converting the cellular proto-oncogene into a ras 
oncogene capable of inducing transformation? 5. In a study of the 
function of a cellular ras gene, its protein product (produced in 
a bacterial cell) was microinjected into NIH 3T3 cells; the recipient 
cells became morphologically transformed and were induced to 
initiate DNA synthesis in the absence of added serum’, but only 
when cellular ras protein was injected at much higher concentra- 
tions than required with protein of the transforming ras gene’. 
To further analyse the function of the cellular ras gene, we have 
now injected monoclonal antibodies against ras proteins into 
NIH 3T3 cells. We report here that NIH 3T3 cells induced to 
divide by adding serum to the culture medium are unable to enter 
the S phase of the cell cycle after microinjection of anti-ras 
antibody, showing that the protein product of the ras proto- 
oncogene is required for initiation of the S-phase in NIH 3T3 cells. 

In the present study we used monoclonal antibodies (238 and 
259) against viral ras protein prepared by Furth et al. (obtained 
from D. R. Lowy). These antibodies bind both viral Harvey ras 
protein and the related cellular protein, but antibody 259 alone 
recognizes viral Kirsten ras proteinë. In separate studies these 
antibodies were coinjected with purified ras protein into 
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Fig. 1 Inhibition of DNA synthesis after microinjection of a 
antibody into NIH 3T3 cells. Antibody 259 (a). or 238. 
injected into NIH 373 cells located in the left half of e 
Injected cells had been cultured in 0.5% FCS-containing. 
for 24h before injection; the cells were then transferred imm 
ately to fresh medium containing 10% FCS. Tritiated thymidine 
(5 »Ci mi™', 41 Ci mmol™'; Amersham) was added to the culture: 
between 12 and 24 h after antibody injection. The cells were fixed: 
and autoradiographed as described previously®. Antibody 259 
alone was able to block incorporation of label into the nuclei ‘of 
injected cells. As a control, uninjected plates of cells were left in 
0.5% FCS-containing medium but labelled with thymidine: as 
above; <5% of these cells incorporated thymidine. Antibodies 
were purified from serum-free medium (Hana Media Inci 
Berkeley, California) in which hybridoma cells had been grown: 
Immunoglobulin was purified by ammonium sulphate fraction- 
ation, followed by DEAE-Sephacel (Pharmacia) ion-exchange 
chromatography. : 


NIH 3T3 cells. Antibody 259 neutralized. the coinjected ras 
protein, whereas similar amounts of antibody 238 did not reduc 
the ability of ras protein to transform the injected cell. Furthe 
more, the titre of purified antibody 259 against native ras protei 
was much greater than that observed with purified antibody 23 
(H.-F. Kung, M.R.S., E. Bekesi, J. Manne and D.W.S., in prepa 
ation). Consequently, antibody 259 was used as a neutralizin 
antibody whereas antibody 238 or purified immunoglobuli 
against human interferon (given by H.-F. Kung) were used a 
negative controls. Si 
NIH 3T3 cells were induced to enter the resting phase of the 
cell cycle (Go) by incubation in medium containing 0.5% feta 
calf serum (FCS) for 24h, at which time no more than 5% 6 
the cells were in S phase and synthesizing DNA. Purified 
immunoglobulin (10 mg ml~') was microinjected into the cyto 
plasm of as many cells as was technically possible (~ 100 cells) 
within a small circular area, and the culture treated with fresh 
10% FCS-containing medium. Tritiated thymidine was adde: 
to the culture medium between 12 and 24h after injection ane 
autoradiography revealed that 70-98% of the cells in the culture 
had entered S phase. It was routinely observed, however, tha 
only 5-15% of the cells in the area injected with antibody 25 
had incorporated thymidine (Fig. 1a). When the efficiency o 
microinjection and serum starvation are taken into account, this 
result indicates that almost every cell injected during Gy was 
blocked from entering S phase by the antibody. No inhibition. 
of entry into S phase was observed for cells injected with either 
antibody 238 (Fig. 1b) or purified monoclonal antibody against: 
human interferon (10 mg ml™'). These results were duplicated. 
with separate preparations of antibodies 259 and 238. : 
While immunoglobulin molecules are known to remain inan. 
injected cell for several hours, microinjected proteins ‘are 
removed eventually from the recipient cell’. Therefore, in the 
experiments described above, enough antibody had to be injec- 
ted for there to be sufficient remaining after several hours to 
neutralize ras protein produced by the cell. To determine the 
amount of antibody required, several concentrations were tested: 
Efficient inhibition of thymidine incorporation (86%) was 
observed when antibody was injected at 7 mg ml7', whereas 
2 mg ml’ caused only partial inhibition (47% ) and 0.75 mg ml”! 
resulted in only 28% inhibition of thymidine incorporation in 
resting cells treated with 10% FCS-containing medium (data 
not shown). At 7 mg m ', ~3 x 10° antibody molecules would 




































Fig. 2 Inhibition of new S-phase initiation in proliferating 
NIH 3T3 cells. The cells on the left half of each panel were injected 
with antibody; the other cells remained uninjected. The injected 
cells labelled during the first period (0-11 h, a) incorporated 
thymidine as efficiently as their uninjected neighbours. The injected 
cells labelled between 11 and 22h after injection (b) showed 
inhibition of thymidine incorporation. Cells labelled at later times 
“(22-33 h, ¢) exhibited uninhibited thymidine incorporation. 

: Methods. NIH 3T3 cells (1.0 x 10°) were plated in a 35-mm culture 
dish 24 h before injection of antibody 259, Three separate cultures 
were injected and treated individually with labelled thymidine at 
t1-h intervals, after which they were fixed and autoradiography 
was performed. 


be injected per cell; this would represent ~0.2% of the cell 
protein. 

The requirements for induction of S phase may differ for 
“resting cells (in Go phase) compared with actively growing cells 
(in G, phase); therefore antibody 259 was injected into cells of 
_ an actively-growing NIH 3T3 culture which would contain cells 
nall stages of the cell cycle. Injected cultures were pulse- 
labelled with thymidine at 11-hr intervals. (Judging from the 
2i-h doubling time of these cells and the number (~40%) of 
cells in S phase in a short thymidine pulse, we calculate that S 
“phase lasts for 10h, the same as for almost any cultured cell.) 
‘Little or no reduction in the number of cells synthesizing DNA 
was observed in the culture labelled for the first 11 h (Fig. 2a), 
“put a dramatic reduction was observed between lI and 22h; 
thereafter, no effect of injected antibody was observed (Fig. 2c). 
As there was no apparent effect on thymidine incorporation 
‘immediately after injection, cells which had entered S phase 





Table 1 Inhibition of thymidine incorporation by antibody injection 
at various times after serum stimulation of quiescent NIH 3T3 cells 





Time of % Cells in No. of injected %o 
injection (h) S phase cells inhibition” 
0 3 40 86 
4 2 53 53 
6 1 101 62 
8 14 119 35 
10 49 150 24 
13 69 168 15 
15 75 169 18 


NIH 3T3 cells were placed in medium containing 0.5% FCS for 24 h; 
at various times thereafter, fresh medium containing 10% FCS was 
added to duplicate plates. Antibody 259 was injected at the times 
indicated following serum addition. Labelled thymidine was added to 
the cultures immediately after injection until ~24 h following the initial 
addition of 10% FCS-containing medium. At the time of injection, 
labelled thymidine was added to the uninjected companion culture 
(which had been treated with 10% FCS at the same time as the injected 
culture) for 2 h to determine the percentage of cells in S phase. Fixation 
and autoradiography are described in Fig. | legend. 

* The percentage of injected cells which failed to incorporate labelled 
thymidine. An average of 95% of the uninjected cells in these cultures 
was found to be labelled with thymidine. 


before the injection presumably did not require ras activity to 
continue DNA synthesis. Most cells which had been in $ phase 
at the time of injection would have completed DNA synthesis 
by 11 h after injection of antibody. Thymidine incorporation at 
this time would involve primarily cells which had entered S 
phase within 11 h post-injection. Significantly, only a few of the 
injected cells incorporated thymidine in this time period, indicat- 
ing that the injected anti-ras antibody had blocked initiation of 
a new round of DNA synthesis. The injected cells appeared 
otherwise normal and healthy in this and in other experiments. 
At later times (that is, after 22 h), injected antibody apparently 
had been removed from the cells and normal DNA synthesis 
was observed among injected cells. 

The data presented above indicate that serum-induction of 
cell division requires ras protein. To estimate the time at which 
ras protein acts, a time course analysis was conducted. NIH 3T3 
cells were induced to enter resting phase by serum deprivation. 
At ~2-h intervals thereafter, fresh medium containing 10% FCS 
was added to separate plates of cells. At 15h after the initial 
addition of serum, anti-ras antibody 259 was injected into cells 
of each culture and labelled thymidine added. In this way 
antibody was introduced into cells at various stages of the cell 
cycle, beginning at Gp and extending into S phase. At the time 
of injection, duplicate plates of treated cells were pulsed with 
labelled thymidine for 1-2 h to determine the percentage of cells 
which had begun DNA synthesis in each case. The results (Table 
1) indicate that ras protein is required just before the beginning 
of S phase, which was initiated ~8 h after the addition of serum 
to the cultures. Cells injected over 8 h after serum addition had 
begun DNA synthesis and were observed to incorporate label 
into their nuclei almost as well as neighbouring uninjected cells. 
At 8h after addition of serum, 14% of the cells had already 
entered S phase and there was a 52% average reduction (three 
separate analyses; standard deviation 15%) in the number of 
labelled cells in the injected area of the culture compared with 
uninjected areas. At 6 h after serum addition, few cells were in 
S phase and the injected antibody effectively blocked subsequent 
entry into S phase. As before, these data indicate that anti-ras 
antibody cannot halt a cycle of cellular DNA synthesis that is 
in progress but it efficiently blocks entry into a new cycle of 
DNA synthesis. 

Serum would be expected to contain a variety of growth 
factors. Peptide growth factors apparently either prime a cell 
for entry into S phase (a competence factor) or stimulate a 
competent cell to enter S phase (a progression factor; refs 10, 
11). A purified competence factor (platelet-derived growth fac- 
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Fig.3 Inhibition of DNA synthesis after microinjection of anti-ras 
antibody into NIH 3T3 (a) or MRC-S5 (b) cells. a, NIH 3T3 cells 
cultured in 0.5% FCS-containing medium for 24h and injected 
(in the left half of the panel) with antibody 259 were returned to 
their original medium following injection of antibody, and 
25 ng mi~’ PDGF (BRL) and 25 ng mi”! EGF (Sigma) were added 
to the culture. Cells were labelled and autoradiography performed 
as described in Fig. 1 legend. b, MRC-5 cells (American Type 
Culture Collection, passage 21-23) were plated at 3.0 x 10° cells 
per 35-mm tissue culture dish and injected 24 h later with antibody 
259. The cells shown had been labelled between 15 and 18 h after 
injection. 


tor, PDGF) and a progression factor (epithelial growth factor, 
EGF) were used instead of serum to stimulate quiescent 3T3 
cells as above. Cells were induced to enter a resting phase by 
culture in 0.5% FCS-containing medium, then injected with 
antibody 259 and treated with 25 ng ml”! PDGF and 25 ng ml”! 
EGF; 54% of the treated cells were induced to initiate DNA 
synthesis by the combined action of the growth factors, but less 
than 10% of the cells receiving antibody incorporated thymidine 
(Fig. 3a). 

NIH 3T3 cells are routinely transformed by a single 
oncogene'?"'* and can be transformed by injecting ras protein®’, 
whereas MRC-5 cells (diploid, fibroblast-like human cells) 
behave like primary culture cells and are not affected by injection 
of ras protein. To determine the effect of treatment with anti-ras 
antibody on MRC-S cells, several actively growing cultures were 
injected with antibody 259 and pulse-labelled with thymidine 
at various times thereafter. A culture pulse-labelled between 15 
and 18h post-injection showed a reduced level of thymidine 
incorporation (58% of the uninjected cells but only 13% of 
antibody-injected cells incorporated thymidine; see Fig. 3b), 
while cultures pulse-labelled at earlier times did not. In addition, 
antibody 238 had no effect on MRC-5 cells (data not shown). 
Thus, the action of ras apparently is not unique to one cell type. 

Amino acid sequence data reveal the relationship of two 
oncogenes in one case to a peptide growth factor (PDGF)'*'® 
and in the other case to a growth factor receptor (EGF)'’. In 
addition, the levels of transcription of several other proto- 
oncogenes are stimulated soon after serum addition'®-?*, We 
have microinjected neutralizing antibody to the cellular ras 
protein to study its involvement in cell division. Microinjected 
immunoglobulin molecules remain within the cytoplasm of 
injected cells for several hours unless they encounter an antigen, 
at which time both may be cleared rapidly from the cell’. In 
this way the activity of a cellular protein may be transiently 
neutralized, providing a means of identifying its function within 
the intact cell (see ref. 23). 

Here we have shown that the protein product of the ras 
proto-oncogene is required for NIH 3T3 cells to initiate the S 
phase of the cell cycle in response to stimulation by serum. 
Previous work demonstrated that the cellular ras protein could 
promote the initiation of S phase in the absence of added growth 
factors if injected in sufficient concentration®. As ras appears 
to be both sufficient and necessary for NIH 3T3 cell division, 
it must have an integral role in the control of cell division. 
Multiple cellular ras genes have been identified?*5: in view of 
their critical role in cell division it is interesting that in many 
_ human tumours one of the cellular ras genes is mutated to a 
transforming oncogene. 
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The exact role of cellular ras protein in cell division is 
unknown; it seems to be a common requirement for the action 
of a variety of growth factors as no growth factor present in 
serum could promote efficiently cell division in NIH 3T3 or 
MRC-5 cells containing anti-ras antibody. Thus, the ras protein 
can be distinguished from the cellular protein analogous. to 
middle-T antigen of simian virus 40, as the antibody to the latter 
only blocks partially cell division”. The ras protein may, th 
fore, represent a common element in the molecular seque 
initiated by numerous growth factors. Alternatively, cell divisio 
may involve a complex interplay of multiple intracellular signal: 
only one of which involves cellular ras protein. In 
it is significant that ras protein apparently has a criti 
shortly before the initiation of DNA synthesis. __ 
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Eukaryotic transposons such as the Ty element of yeast’ or thé 
copia-like sequences of Drosophila? show structural and functional. 
similarities to both prokaryotic transposons** and retroviral pro- 
viruses~*, but the prokaryotic transposons and retroviral pro- 
viruses use markedly different expression strategies which yield 
products having entirely different functions**. To determine the- 
phylogenetic relationship between eukaryotic transposons, pro- 
karyotic transposons and retroviruses, we have sought to identify 
and characterize the proteins encoded by the yeast Ty element and | 
to describe the strategies used to express these proteins. We show 
here that the yeast transposon produces a fusion protein by a 
specific frameshifting event that fuses two out-of-phase open read- 
ing frames (ORFs). The process is remarkably similar to that used 
by retroviruses such as Rous sarcoma virus (RSV) to produce 
Pri80***-?" (ref 5, 9). 
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Fig.i A, Map of the 9.6-kb HindIII fragment containing Ty 1-15. 
Solid boxes represent the delta sequences. The major transcript is 
indicated and is used as the standard for orientation of the element. 
_ The position of ORFI encoding pi(Ty1-15) is marked. p1(Ty1!-15) 
‘was previously designated p52(Ty1-15) (ref. 14 and J.M. et al, in 
preparation). The fragment shown in B is marked by arrowheads. 

Hindili, X, Xhol; Pv, Poull, P, PstI, Bg, Bglll; S, Sall; K, 
pnt: C, Clal; R, EcoRI; Sa, Saci. B, Sequencing strategy for 
the region around ORF1. Bars mark fragments that were subcloned 
into Mi3mp18 and Mi3mp19 (ref. 26) and the arrows mark the 
extent of the sequence read from those fragments. The dideoxynu- 
eotide chain termination method was used’. All reagents were 
from BRL and were used according to the manufacturer's instruc- 
“tions. X, Xhol; S, Sau3A; Pv, Poull; H, Haelll; T, Tagi; P, Pst; 
Bg, Bglll. 


Ty elements are about 5.9 kilobases (kb) long with long 
minal direct repeats (LTRs), delta sequences, of ~335 base 
airs (bp)''®'!. The structure of a 9.6-kb HindIII fragment 
ontaining the element used in this study, Ty/-15, is shown in 
CTA. The major transcription product of Ty elements is a 
-kb transcript that extends from close to the Xhol site in the 
or left delta sequence to 50 nucleotides beyond the Xhol site 
the 3’ or right delta sequence (Fig. 1A)'”" - Recently, we have 
hown that Ty elements encode several protein species'*. Figure 
A shows the location of the coding region of one of these, a 
basic protein of relative molecular mass(M,) 52,000(52K), desig- 
ated pl(Ty!-15)"*. 

The genetic organization of the region encoding pl(Ty!-15) 
analysed by determining the nucleotide sequence of Ty /-15 
from the Xhol site in the 5’ delta region to the second PstI site 
arked with arrowheads in Fig. 1 A) (see Fig. 1B). The sequence 
rom the initiation codon of the ORF running out of the 5’ delta 
uence!’ to 30 nucleotides beyond the BglII site (Fig. 1B) is 
wn in Fig. 2. In reading frame | there is a long open reading 
rame, designated ORF1, running from nucleotides | to 1,320 
‘ig. 2) that encodes a protein of 439 amino acids with a M, 
126 and a calculated pI of 7.8; this confirms our previous 
ation that this re: gion encodes a basic protein, pl(Ty 1-15), 
f estimated M, 52K'*. Reading frames 2 and 3 have no sig- 
ficant open reading frames up to nucleotide 1,282 where an 
pen reading frame, designated ORF2, starts in reading frame 
with an ACA threonine codon. Therefore, ORFI and ORF2 
verlap by 38 nucleotides. Reading frames 1 and 3 lack sig- 
ificant open reading frames beyond nucleotide 1,282 to the 
second Pst] site shown in Fig. 1 B, whereas ORF2 extends beyond 
‘this PstI site (data not shown). 

“To determine whether ORF? is expressed in Ty elements, an 
-a@,-interferon cDNA coding sequence was inserted into the BglII 
site at nucleotide 1,410, so that the interferon coding sequence 
vas in-frame with ORF2 (Fig. 3). Expression of interferon was 
hen used as a marker for ORF2 expression. As control construc- 
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Fig.2 Nucleotide sequence of the ORF! region of Ty 1-15. The 
sequence starts at the ATG at the beginning of ORF1' and ends 
157 nucleotides into ORF2. The reading frames are marked on the 
first line. ORFI in reading frame 1 and ORF2 in reading frame 2 
are underlined. The threonine residue at the beginning of ORF2 
is marked with an arrowhead. * Termination codon; Bg, BglII. 


tions, the sequence coding for interferon was also inserted 
in-frame with reading frames 1 and 3 (Fig. 3). Interferon was 
chosen because there are sensitive bioassays available and a,- 
interferon is a relatively small protein (20.8K) so that if it is 
produced as a fusion protein the size of the non-interferon 
component of the fusion can be determined relatively accurately. 
The starting molecule for these constructions was plasmid 
pKT40a (Fig. 3A) which is a yeast/ Escherichia coli shuttle vector __ 
carrying the 9.6-kb HindIII fragment containing Ty]-15 (Fig: 
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Fig.3 A, Map of plasmid pKT40a. Thick line, E. coli/ yeast shuttle 
vector, pMA4O0 (ref. 15), sequences. pMA40 is a pAT153 (ref. 28) 
derivative containing the yeast LEU2 gene and the 2p plasmid 
origin of replication, ORF”. Thin line, 9.6-kb HindIII fragment 
containing Ty /-15 (Fig. 1A). The position of the Ty element and 
its direction of transcription are marked by a generalized Ty struc- 
ture and an arrow. The BglII site at position 1,410 in Fig. 2 is 
marked by an arrowhead. pKT40a and its derivatives transform 
yeast at a high frequency (10° pg!) and they are maintained at a 
copy number of ~100 per cell”. H, HindIII Pv, Poull; X, Xhol: 
Bg, Bglll; S, Sall; B, BamHI; R, EcoRI: B/Bg, BamH1/ Belll 
Junction. B, Map of the general structure, designated pX, of 
pKT231-1, pKT231-2 and pKT210-1. The a,-interferon coding 
sequence is shown replacing the two small BglII fragments in 
pKT40a. Two interferon fragments were used, Fragment 1 is a 
0.85-kb BamHI fragment originally described by Tuite et al. 
Fragment 2 differs from fragment | only in the first 12 nucleotides 
which alter the relationship of the 5’ BamHI site to the interferon 
reading frame (see C and D). C, Structure of the ends of the 
BamHI fragment | encoding a,-interferon. D, Structure of the 
ends of the BamHI fragment 2 encoding a,-interferon. E, The 
structure of the BamHI linker inserted at the BglII site at position 
1,410 (Fig. 2) in pKT231. F, The resulting structure of the modified 
Bglll site in pKT210. G, Ty/interferon junctions in plasmids 
pKT210-1, pKT231-1 and pKT231-2. Lower-case nucleotides are 
derived from Ty and linkers; upper-case nucleotides are derived 
from interferon BamHI fragments. Upper-case amino acids are 
authentic Ty or interferon amino acids; lower-case amino acids 
are the result of linker insertions. * Stop codon. The nucleotide at 
position 1,410 (Fig. 2) is marked. ' 

Methods. Initially two derivatives of pKT40a were constructed. 
Plasmid pKT40a was cut with BglII and religated to produce a 
derivative, pKT231, that lacks the two BglII fragments within 
Ty/-15, Plasmid pKT231 was then cut at the now unique Bgill 
site and a BamHI linker of the structure shown in E was inserted 
to create a modified, defective BglII site containing a BamHI site 
(F); this derivative was designated pKT210. Interferon fragment 
| was then inserted into the BglII site of pKT231 and the BamHI 
site of pKT210 to produce plasmids pKT231-1 and pKT210-1, 
respectively, and interferon fragment 2 was inserted into the BglII 
site of pKT231 to produce pKT231-2. DNA manipulations and 
plasmid DNA preparations were as described previously 10241530, 
All junctions were confirmed by nucleotide sequencing. These 
plasmids were used to transform'® yeast strain MD40-4C ( ura2, 
trp|, leu2-3, leu2-112, his3-11, his3-15) to leucine independence. 


1A). The general structure of the plasmids pKT231-1, pKT231-2 
and pKT210-1 containing the interferon coding sequence is 
shown in Fig. 3B and the relationship of the interferon coding 
sequence to ORFI and ORF? is illustrated diagrammatically in 
Fig. 4A. Plasmid pK1T231-1 contains interferon in-frame with 
ORF? in reading frame 2 (Figs. 2, 3G). Plasmids pKT231-2 
and pKT210-1 are control constructions with interferon in- 
frame with reading frames 3 and 1 (Figs 2, 3G), respectively. 
~ The three plasmids pKT231-1, pKT231-2, pKT210-1 were used 
to transform'® yeast strain MD40-4C to leucine independence 
and the resulting transformants were designated T231-1, 1231-2 
and 1210-1, respectively. Total RNA was isolated from these 
transformants and probed via a Northern blot with interferon 
fragment |. Transcription should be promoted by the Ty signals 
in the 5’ delta sequence, proceed through the Ty sequences up 
to the BglTl site, through the interferon coding sequence, then 
terminate in the fortuitous yeast transcription terminator present 
at the 3’ end of the interferon fragments'’; this should result in 
Ty/interferon fusion transcripts of ~2.3 kb for all three construc- 
tions (Fig. 4A). The data in Fig. 4B show that this was indeed 
the case. All three constructions should direct the expression of 
pl(Ty /-15)'* but interferon expression should be dependent on 
the nature of ORF2 expression. Protein extracts of the parent 
strain MD40-4C and of T231-1, T231-2 and T210-1 were ana- 
lysed by SDS-polyacrylamide gel electrophoresis and by a viral 
RNA reduction assay for interferon activity'®. As predicted, 
similar amounts of pl(Ty1-15) were present in extracts of T231-1, 
1231-2 and T210-1'* (data not shown) but interferon activity 
(10* U per mg protein) was detected only in extracts of T231-1. 
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result shows that interferon is expressed only when it is 
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inserted in-phase with ORF2 in reading frame 2, suggesting that 
interferon is being expressed in T231-1 as an ORF2/interfero 
fusion protein. If this is the case, the provision of an initiation 
codon for the ORF2/interferon protein presents a problem as 
ORF? begins with ACA(Thr) and there are no in-frame initiation 
codons between this codon and the BglII site at position 1,410 
(Fig. 2). To gain some insight into ORF2/interferon expressio 
the size of the fusion protein was measured in Western blots 
probed with '**I-iodinated antibody to a>-interferon (Fig. 

In agreement with the bioassay data, immunoreactive ma 

was seen in the T231-1 track but not in the T231-2 or T210- 
tracks. One major and two minor bands corresponding to 
Ty/interferon fusion proteins (75K, 50K and 40K, respectively 
were seen in the T231-1 track (Fig. 4C). Therefore, ~55K, 30 
and 20K of Ty-encoded protein was fused to interferon to 
produce these bands; this additional protein must be derived 
from ORF as there is no significant open reading frame having 
this coding capacity in reading frame 2 or 3 (Fig. 2). To produce 
the 75K fusion protein, virtually all of the coding capacity of 
ORFI would be required, while ~900 and 600 nucleotides would 
be needed to produce the 50K and 40K proteins, respectively, 
In all cases this would require a frameshift event before the 
ORFI termination codon to bring ORF! and ORF2 in phase 
An obvious mechanism by which these processes may occur is 
an RNA splicing event in the vicinity of the region in which 
ORF]! and ORF2 overlap. However, sequence searches have not 
revealed any yeast consensus RNA splicing signals'”? and S, 
nuclease protection analyses have failed to detect any spliced 
RNA species (data not shown). The relationship of the three 


proteins in the Western blot is unclear but the 50K and 40K. 
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Fig.4 A, The relationship of ORF1, ORF2 and ORF2/interferon 
sion. The size and position of the predicted fusion transcript are 
shown. Numbers at the top represent the scale in nucleotides. B, 
Northern blot analysis of transcripts from pKT231-1, pKT231-2 
nd pKT210-1. Lanes a and d, pKT231-1; b and e, pKT231-2; ¢ 
and f, pKT210-1. Lanes a-c were probed with the Xhol- BglII 
fragment containing ORF] (Fig. 1) and lanes d-f were probed 
ith the BamHI interferon fragment 1. C, Western blot analysis 
of interferon fusion proteins in extracts of yeast transformants 
'T231-1 (lane a), T231-2 (b), T210-1 (c), T361-1 (d) and T230-1 
(e). All sizes are in kilodaltons. T361-1 and T230-1 are MD40-4C 
transformants containing plasmids pMA361-1 and pMA230-1 (ref. 
30) which encode phosphoglycerate kinase/interferon fusion pro- 
teins: of relative molecular mass 60K and 22K, respectively (J.M., 
unpublished data). Extracts of these transformants were included 
:as positive controls for the Western blot. 
: Methods. A, B, Probe fragments were labelled to 2 x 10° c.p.m. pg`' 
y nick-translation*'. Total RNA was isolated as described pre- 
ously’, transferred to nitrocellulose filters and hybridized”. C, 
- Protein extracts of whole yeast cells were prepared as described 
reviousiy™. SDS-12.5% polyacrylamide gels (30:0.8 acry- 
ide/bisacrylamide) were run according to Laemmli**. After 
electrophoresis, the gel was rocked gently in blotting buffer (25 mM 
‘Tris pH 8.3, 192 mM glycine, 20% (v/v) methanol) for 30 min. The 
lot was set up as follows: a sandwich composed of buffer-saturated 
cotch-Brite’ pad, 3MM paper, polyacrylamide gel, 0.45 pm 
nitrocellulose (BA85; Schleicher & Schuell), 3MM paper and 
_ Scotch-Brite pad was inserted into a BioRad Trans-Blot apparatus 
and run for 3h at 70 V with the nitrocellulose facing the anode. 
After electroblotting, the filter was placed in two changes of low-salt 
_ blocking buffer [20 mM Tris pH 7.5, 0.9% (w/v) NaCl, 0.05% v/v) 
‘Triton X-100, 0.5% casein (Hammersten, BDH)] for one period 
of 30 min. The filter was. then placed in a sealable plastic bag and 
incubated overnight at room temperature (with the protein-bearing 
side of the filter towards the bench) with | ml of buffer (40mM 
Tris pH 7.5, 1.8% (w/v) NaCl, 6.1% Triton X-100 and 1.0% 
radioimmunoassay grade bovine serum albumin) and | mi of 
“monoclonal antibody (mouse NK2 anti-interferon antibody iodi- 
< nated with I, 12.6-19.5 pCi pg”, 7 x 10° d.p.m. mi). The filter 
was then washed i in four changes of low-salt blocking buffer (except 
that the casein was omitted) for | h with gentle shaking, dried and 
exposed to X-ray film at —70°C for 2 days. 
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species may be cleavage products of the 75K protein (J.M. et 
al., in preparation). 

The similarity of vertebrate retroviruses and eukaryotic trans- 
posons such as Ty/ has been noted (for example, see refs 5 and 
21) and in Drosophila this structural analogy has been taken 
further by the discovery of copia RNA in virus-like particles”. 
In this study we extend these comparisons to the expression 
strategies of these elements. ORF1 and ORF2, in Ty/-/5, are 
in the same relative positions as the gag and pol coding sequen- 
ces in retroviruses™™? (Figs 1, 4A). Retroviral pol regions are 
expressed as large precursor proteins by fusion of the gag and 
pol sequences. In RSV the pol open reading frame overlaps gag 
by 43 nucleotides and is in a different reading frame’, therefore 
either an RNA splicing event would be required to alter the 
reading frame to bring gag and pol in phase, or a frameshift 
suppression-like mechanism might be involved. There exists no 
direct evidence for any form of splicing event in or around the 
gag-pol fusion region of any retrovirus, but in Moloney murine 
leukaemia virus (Mo-MULV), in which gag and pol are separ- 
ated only by the amber termination codon of gag‘, direct 
evidence for a nonsense suppression-like mechanism has been 
obtained (Y. Yoshinaka, I. Katoh, T. D. Copeland and S. Oros- 
zlan, personal communication). The organization of ORFI and 
ORF? in Ty1-15, and their expression as a fusion protein via 
a frameshift event, is remarkably similar to gag-pol organization 
and expression in RSV-type retroviruses (Figs 2, 4). We suggest, 
therefore, that the frameshift event described here is common 
to Ty and retroviruses such as RSV. In the absence of any 
evidence for RNA splicing and given direct evidence for a 
suppression event in Mo-MuLV, it is possible either that the 
mechanism is a function of the primary or secondary structure 
of the RNA interfering with ribosomal recognition processes or 
that the elements have evolved to take advantage of low-level 
endogenous frameshift suppressors”*, Whatever the mechanism, 
the tractability of yeast as a molecular genetic system will allow 
a detailed analysis of the problem. 

We thank Harold Varmus, Clive Dickson, Mick Tuite and 
Steve Oroszlan for comments on the mechanism of gag-pol 
fusion. The work was funded by the MRC (G8317537CB). 
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Contaminated komatiites 


Huppert et al.' calculate that Ni ores in 
ultrabasic lavas could be formed by 
assimilation of sulphidic bedrocks and 
Nisbet? comments that models based on 
komatiite chemistry may be spurious 
artefacts of contamination. Here, we draw 
attention to field and geochemical aspects 
of. komatiites strongly suggesting that 
melting of their bedrocks did not occur. 

Ni-ores are rare in komatiite lavas and, 
if the ground-melting model were correct, 
areas where none occur should correlate 
with low abundances of sulphidic sedi- 
ments. This is not so: in Western Australia, 
for example, such sediments are 
ubiquitous and have frustrated countless 
geophysically-targeted searches in barren 
'.-komatiite piles. Thus, assimilation of sur- 
face sediments cannot be a major mechan- 
ism of Ni-sulphide genesis. 

Support for thermal erosion theories 
comes from Kambalda, where a sediment 
marking the komatiite/basalt contact is 
absent in ore-bearing troughs”. However, 
‘hanging-wall’ ores above the troughs form 
consistently-aligned vertical stacks of 
deposits? and the repetitive occurrence of 
ore-bearing flows, over the same area of 
sea floor, cannot be caused by assimila- 
tion, as the initial flow would deplete this 
area in sediments. The systematic pattern 
is more consistent with lavas flowing into 
pre-existing channels, as delineated else- 
where by sediments underlying 
komatiites*~*. Furthermore, there is little 
evidence for incipient melting or a thermal 
aureole in such sediments and there is a 
conspicuous absence of veining of bed- 
rocks and of xenoliths in komatiite flows. 

Surface-melting is distinct from other 
models for magma contamination in its 
selectivity; trace elements in each flow 
should reflect variable amounts of con- 
tamination from a wide range of possible 
substrates. However, it is difficult to 
explain observed systematic trends’"'° in 
such terms and, in particular, the 
anomalous Sm-Nd isotopic data for Kam- 
balda'! are ‘unlikely to reflect selective 
contamination because the tight grouping 
of both komatiites and basalts on the same 
isochron is too coherent. Sulphur isotopes 
in Kambalda ores cannot distinguish 
between surface and other crustal sul- 
phur”? but chalcophile-element depletions 
show that all komatiites were saturated 
with sulphur before eruption”, which 
argues convincingly against selective 
assimilation of sulphur by ore-bearing 
flows. 

That komatiites flow turbulently and so 
transfer heat efficiently seems inescapable. 
However, the chilled crust at the base of 
komatiite lavas'*'> is free of cumulate 
olivine and so must have formed during 
the turbulent phase when olivines were in 
.. suspension and when melting of bedrock 
would otherwise be most efficient. We sug- 
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gest that the basal crust develops in a 
manner similar to that at the flowtop 
(equation 7 in ref. 1) and that it forms an 
effective insulating layer between the 
ground and overlying hot, turbulent lava. 

With no komatiites being erupted for us 
to observe today, theoretical treatments of 
what could occur are of great value. 
Nevertheless, it is apparent that the real 
lavas were more restrained and less vora- 
cious than their mathematical counter- 
parts and this should impose a constraint 
on the physical properties to be modelled. 


J. C. CLAQUE-LONG 
R. W. NESBITT 
Department of Geology, 
The University, Southampton, 
Hampshire SO9 SNH, UK 
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HUPPERT ET AL. REPLY—Claoué-Long 
and Nesbitt present only some of the facts 
supporting thermal erosion and contami- 
nation in komatiites. Interpretations of 
these rocks are rarely straightforward, as 
their lavas are deformed and metamor- 
phosed; primary volcanic features have 
only been well documented in a few 
places. However, we believe that Claoué- 
Long and Nesbitt may have failed to 
appreciate several aspects of our model’, 
causing them to misinterpret some of the 
geological observations which they cite; 
we note specifically the following: 

(1) Nickel ores are found commonly in 
komatiites’”* and there is a general con- 
nection between komatiite-associated ore 
occurrences and sediments in the Norse- 
man-Wiluna Belt of Western Australia‘* 
and those in the Abitibi Belt, Ontario*. As 
in all ore deposits, a nickel-enriched 
mineralized locality must be comple- 
mented by much larger volumes of barren 
lava; only in this sense are the ores ‘rare’. 

(2) For Kambalda, there are several 
arguments favouring thermal erosion 
additional to those selected by Claoué- 












































Long and Nesbitt (see, for example; re 
6). Contrary to the given impression, inter- 
flow sediments do occur in komatiites a 
the same stratigraphic levels as the han 
ing-wall ores but are absent from- the 
zones. Furthermore, itis not unreasonable 
for successive lavas to follow the si 
path, the previous flow forming. 
depression by partial drain-out or sagging 
above its thickest part and subsequent 
komatiites accentuating the depression by 
thermal erosion. $ 
(3) The thermal aureole at the base 
a channel would only be a few:cm thick 
Given the sheared and regionally-met 
morphosed condition of many conta 
and the limited number of detailed studi 
we are not surprised that evidence for a 
aureole or for xenoliths has not yet em 
ged and we emphasize that thin aureole: 
should be present whether or not t ) 
komatiite has eroded its floor rocks... 
(4) Variations in incompatible eleme 
ratios in komatiites have been inter- 
preted’? in terms of © manti 
heterogeneities but small amounts of co 
tamination can produce similar effects. 
Thus we do not accept that contamination 
will necessarily produce non-systemati 
trends and emphasize the efficiency: with 
which floor rocks would be homogenized 
during thermal erosion and assimilatio: 
(5) We are puzzled by Claoué-Lo1 
and Nesbitt’s statement that the Nd is 
topic data from Kambalda are anomalou 
Claoué-Long et al.'° interpret these. data 
as defining an old, but acceptable iso- 
chron; others'' have suggested that the 
Sm-Nd array is a mixing line, perhaps 
resulting from contamination of komatiite 
with older granitic or sedimentary rocks, 
an interpretation consistent with thermal : 
erosion. 
(6) Chalcophile-element depletion 
provides evidence of sulphide fraction. 
ation but not as to where, when or how i 
took place. 
(7) The reason why basal crust should 
form while the flow is moving is not clea 
to us. If basal chills prove to be a general 
feature of komatiites (and only tw 
examples have been described) they will 
form at a late stage in the lava’s history 
when turbulent motions have weakene 
The boundary conditions at the base and 
top of a flow are fundamentally different 
as sea water can remove heat efficiently 
by convection whereas rock is a poor co) 
ductor. We estimate elsewhere’? that any 
initial chill on the base will be dissolved’ 
away in a lava with prolonged throughput, 
which is precisely what is observed at 
Kambailda where massive sulphide over-. 
lies footwall basalt with no intervening 
komatiite chill, a puzzling feature until | 
explained by thermal erosion. 
Komatiites are highly susceptible to 
contamination effects. This may be incon- 
venient, but geologists may have to get 
used to the idea in the future. 
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Cyclic GMP and neurone death 


HE recent report by Weill and Greene’, 
dicating that the daily treatment of chick 
mbryos with dibutyryl cyclic GMP during 
period of naturally occurring 
otoneurone death prevents much of this 
mal cell loss, is of considerable interest. 
For, if correct, this observation advances 
the analysis of neurone death by bringing 
us one step closer to understanding the 
ellular and molecular events involved. 
However, for reasons described below, | 
wish:to provide a note of caution to those 
who, on the basis of this report, may intend 
o pursue this line of investigation. 
In.a review paper on neurone death 
lished a few years ago, I suggested 
hat cyclic GMP might be involved in the 
pevistion of this developmental 
nomenon’. In fact, at that time a 
raduate student in my laboratory was 
nvestigating this problem°. Although his 
xperiments. were generally similar to 
hose of Weill and Greene, he failed con- 
istently to find any effect of cyclic nucleo- 
including dibutyryl cyclic GMP, on 
turone death. At about the same time, I 
is contacted by Dr Weill and asked to 
eview a manuscript she was considering 
ubmitting for publication: this paper 
transpired to be virtually the same as that 
published later in Nature. On reading the 
paper, and through additional correspon- 
dence and conversations, I learned that 
there were a few procedural differences 
‘between our experiments and those of 
Weill and Greene: for example, although 
our. experiments used several different 
oses. of dibutyryl cyclic GMP, extending 
-Over arange of three log units, the highest 
dose was slightly lower than the single 


dose used by Weill and Greene (that is, 
0.91 mg). Consequently, since that time we 
have conducted four additional indepen- 
dent and virtually exact replicates of the 
Weill and Greene experiments, including 
the use of dibutyryl cyclic GMP from the 
same manufacturer's lot (Sigma, St Louis) 
and at the same dosage. In all four experi- 
ments the results were the same: dibutyryl 
cyclic GMP had no effect on motoneurone 
survival (day 10 controls = 12,192 + 809, 
n=12; day 10 experimentals = 12,356 + 
937, n = 18). We also failed to observe any 
differences in the number of nucleoli in 
the motoneurones of treated embryos, 
contrary to the report of Weill and Greene. 

As the specific strain of chicken eggs 
used in the two laboratories differed, it is 
possible that genetic factors are at issue 
here. I believe, however, that this is highly 
unlikely: first, the four attempts by us to 
replicate the results of Weill and Greene 
fortuitously involved four different strains, 
including both ‘egg’ and ‘broiler’ types; 
second, we have never observed pre- 
viously such all-or-none strain differences 
in a series of related pharmacological 
studies on neurone death*. Thus, in an 
extensive attempt to meticulously replicate 
the experiments of Weill and Greene, I 
have not been able to confirm their claim 
that dibutyryl cyclic GMP affects 
motoneurone survival. 


RONALD W. OPPENHEIM 
Department of Anatomy, 
Wake Forest University, 
Bowman Gray School of Medicine, 
Winston-Salem, 
North Carolina 27103, USA 
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WEILL REPLIES—Our initial experiments 
in which we injected dibutyryl cyclic GMP 
into developing chick embryos were car- 
ried out using a crossed strain of chicken 
eggs (Harco x Partner). We found that a 
daily dose of 0.91 mg of dibutyryl cyclic 
GMP effected a 58% increase in the num- 
ber of surviving lateral motor column 
motoneurones. Owing to the novelty of 
the observation, I contacted Dr Oppen- 
heim and several other senior workers in 
the field and, at their collective suggestion, 
extended our original observations to 
include many more embryos. The results 
of this work were those published’. 
Subse uent attempts to repeat this 
experiment using White Leghorn embryos 
(Truslow Farms, Chestertown, Maryland) 
at the same dose level of dibutyryl cyclic 
GMP failed to increase the level of 
motoneurone survival. Further ex- 
perimentation has revealed that daily 
injections of 0.864 mg of dibutyryl cyclic 
GMP.2H.0 effects the survival of 53.5% 
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of those cells that would have died by 
embryonic day 10 (day 10 controls = 
14,390 + 439, n = 12; day 10 dibutyryl cyc- 
lic GMP-treated = 17,950+376, n=8, 
mean +s.e.m.). The dose-response curve 
is biphasic and the range of effective doses 
uncommonly narrow, as variations in dose 
of +5% do not give a positive response. 
We observed no increase in the number 
of cells with two or more nucleoli in the 
White Leghorns, unlike the effect on the 
red strain. We have no explanation for the 
apparent difference in the response of the 
two strains. These experiments are nearing 
completion and a manuscript is in prepar- 
ation. 

Our interpretation of the results 
observed with the crossed red strain of 
embryos stemmed from our other pub- 
lished work’, which demonstrated an 
increase in neuronal cyclic GMP levels 
over embryonic days 5-10 in the absence 
of a change in the cyclic GMP level of leg 
muscle over the same time period. An 
increase in neuronal cyclic GMP levels 
was also observed for spinal cord neurones 
co-cultured with muscle factors. We con- 
cluded that muscle factor(s) could cause 
an increase in neuronal cyclic GMP levels 
over the period of natural motoneurone 
cell death. We then wondered whether 
increased intraneuronal concentrations of 
cyclic GMP would enhance motoneurone 
survival by mimicking the presence of the 
appropriate muscle factors. Our interpre- 
tation of the results obtained is that 
dibutyryl cyclic GMP increases the 
neuronal levels of cyclic GMP and, via an 
as yet undetermined mechanism(s), effects 
an increase in motoneurone survival. 

It was not our intention to slight the 
extensive contributions that Dr Oppen- 
heim had made to this field by not includ- 
ing a discussion of our results in the con- 
text of his proposed model’, which invol- 
ves intramuscular cyclic GMP levels. We 
had data demonstrating that levels of cyc- 
lic GMP in muscle did not change during 
natural motoneurone cell death, whereas 
intraneuronal cyclic GMP levels did 
increase during natural cell death’. A dis- 
cussion of the intramuscular cyclic GMP 
model did not seem germane to our con- 
clusions. We are, in fact, indebted to Dr 
Oppenheim and his colleagues, for it is 
their work in part that has formed the basis 
for our own investigations. 

Note added in proof: Meriney et al.* have 
reported the prevention of ciliary ganglion 
cell death by cyclic GMP. 


CHERYL L. WEILL 
Departments of Neurology 
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Louisiana State University Medical Center, 
New Orleans, Louisiana 70112, USA 
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COME to think of it, it’s not surprising that 
chlorophyll and bacteria are becoming 
symbols of a new faith. Industrial nations 
spend vast sums on ways to secure energy, a 
problem green plants had solved in the 
Palaeozoic. And these same nations are 
deeply concerned about the disposal of 
waste, a task bacteria can perform on all 
but a few man-made substances. For a long 
time biologists have been interested in 
photosynthesis and biodegradation; it is 
only recently, when energy sources seemed 
to be at risk and waste polluted the 
biosphere, that these processes became 
objects of veneration. Hence the Ecology 
Party in Britain and the Greens in West 
Germany. 

Genuine ecologists (I used to be one of 
them) resented the hijacking of the name of 
their discipline by a bunch of what seemed 
to be ‘‘woolly-minded lentil stirrers’’ (the 
quotation is from Jonathon Porritt’s 
book). What would come next? A Petr- 
ology Party? An Ethology Party? But the 
label sticks and the best thing to do is to 
find out what these born-again environ- 
mentalists are doing under cover of the 
word ‘‘ecology’’. These two books are as 
good an introduction as one could hope to 
get. 

Many people — even those who voted 
for Mrs Thatcher or President Reagan — 
have apprehensions about the future of the 
life-style of capitalist systems. They have to 
live with disturbing paradoxes: food 
surplus in Europe, starvation in Africa; in 
Britain sewers: collapsing, families des- 
perate to get housing, inner cities in decay, 
and millions with no work to do; a money 
market which, if all debts were to be called 
in, would collapse overnight; rumours, 
never confirmed but never denied either, 
that permanent damage may be done to the 
air above us and the seas around us. 
Socialist systems offer no solution to these 
paradoxes: with differences in detail, they 
seem headed for a similar social insolvency. 
In Britain it is the credibility of a two-party 
system, adversarial, perpetually bickering, 
which is in question. People are coming to 
fear that neither side has a solution to the 
problem of how to manage a post- 
industrial society: is it not time to invent 
new political machinery to replace an 
obsolete nineteenth-century mode of 
government? 

In Britain the response to this disquiet 
has been impressive: the creation of a new 
political party which, if we had propor- 
-=> tional representation in the franchise, 









would already have a significant represen- 
tation in Parliament. In West Germany, 
too, there has been a response. In March 
1983, supported by two million votes, 27 
Greens took their place in the Bundestag of 
the Republic. They received 5.6 per cent of 
the total vote, with no support (indeed with 
active hostility) from the corporate 
interests of the nation, its industry and 
trade unions. 

It is easy to say what the Greens (and 
their counterpart in Britain, the Ecology 
Party) are against. It is not so easy to say 
what they are for, at any rate not in terms 
that can be translated into practical pol- 
itics. These two books try, and with some 
success, to deal with this common 
criticism; they should, if they do no more, 
silence the sneers that Greens are ‘‘mes- 
sianic’’, ‘‘far-left’’, ‘‘volatile’’. Greens 
don’t yet have the confidence to be mes- 
sianic and most of them reject the far-left 
as vigorously as any Tory does. What they 
are certainly not, is volatile. They have 
come to stay, and we had better try to find 
out what they do stand for. 

Capra and Spretnak are Americans who 
have already written about the life-style of 
their own country. For this book they went 
to Germany to find out all they could about 
the Greens. The result is a record of 
hundreds of interviews and research into 
documents and reports. They begin with a 
perceptive study of the way the Greens 
evolved from the confused protests of the 
1970s. In those days the protests were 
inspired by Marxism. The extremists split 
away into careers of terrorism (the Baader- 
Meinhof group). The Marxists returned to 
the safe fold of Communism. Meanwhile, 
growing up around this core of discontent, 
there was in Germany a massive movement 
of people concerned with the environment, 
with nuclear disarmament, with women’s 
rights, with a hunger for participation in 














Jonathon Porritt Gente} and the Ecology Party’s Council at the anfiual conference, 1983. 


the decisions being made over their heads. 
by their elected representatives, with non-. 
violence. Out of this conglomerate of | 
opinion the foundations of the Green Party 
were laid. 

The authors make it clear that the 
no easy consensus, apart from un imit 
that many present valu ; 
society are not to De tol 






















































democracy, aL a f 
tation of these words there can 
shades of green that to be a paid- 
may mean that you are a vegetarian 
abhors battery farming, or a CND activist, 
or an advocate of permissive abortion, ora 
campaigner against acid rain. Capra and 
Spretnak do not conceal the weakness 
this broad tolerance; it is not very wise to go 
into battle against multinational corporat- 
ions, entrenched governments, and greedy _ 
and affluent consumers, when each foo 
soldier is out against his own persona 
enemy! 
However, let the critics keep silent fora 
while: the Green Party is not yet five years 
old; its members are working desperately 
hard to strengthen the ‘‘four pillars’? by 
giving meaning to them and by building 
upon them some superstructure of prac- 
tical politics. The rest of Capra and 
Spretnak’s book describes these efforts, 
and predicts the influence they may have 
on a Green Movement in the United Stat 
How far have the German Greens got 
creating a ‘‘philosophy’’ for Greens? This 
question is best answered by turning to. 
Jonathon Porritt’s book, for he has learnt . 
much from the Greens in Germany. : 
Jonathon Porritt is a leading member of. 
the Ecology Party in Britain and was. 
recently appointed Director of Friends of 
the Earth. His book is an affirmation, 
written with clarity, modesty and sincerity 
It is in two parts: a reasoned challenge to 
existing ideologies, and an attempt to 
replace them by ideologies acceptable to 
those who share his deeply held conv: 
tions; in brief, a diagnosis and a prescrip 


















Ok, so.much so that even his critics (and 
there will be many of them) will read what 
he says with respect. My own snap-verdiet 
is that the diagnosis is likely to prove 
correct but that at this stage of the disease 
he prescription will not work, for reasons I 
shall give in a few moments. First, the 
diagnosis. 

On page 18 Porritt lists 14 things which it 
s shocking to find in a rational civilized 
ciety. They are all familiar (for example 
that the safeguard for keeping peace is to 
hreaten to annihilate the planet) and old 
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‘alking to America: Petra Kelly, one of the 
founders of the Green Party, on the stump in 
Washington in 1983. 


nen like myself have become so familiar 
kh them that the conscience becomes 
lunted to their enormity. What an outrage 
‘must be for a young man like Porritt to 
ind himself in a world where such things 
re condoned. Porritt’s ‘dirty dozen’’, as 
‘calls them, are to be found in scores of 
joomsday books, going back to the shoddy 
and sensational Blueprint for Survival, 
published 13 years ago. What is fresh and 
efreshing about Porritt’s affirmation is his 
ptimism and his David-and-Goliath 
letermination to go on fighting to elim- 
ate them, even though the odds are 
eavily against him in the short term. No 
ign of withdrawal into complacent com- 
nes or of distancing himself from the 
resent political system. He isa pilgrim and 
è will continue his pilgrimage, whether 
u follow him or not, into the enemy's” 
ump, even if that is Parliament. 

56 he sets Out his objectives, which are 
‘objectives of the Ecology Party, In 
ñg so he puts strength into the ‘‘four 
lars’? described in the book by Capra 
nd Spretnak. 

Ecology: to have a holistic attitude to all 
srest of Nature, animate and inanimate 
he is critical of the assumption in World 
onservation Sirategy, that Man is both 
part from Nature and part of Nature: for 
him, Man is part of Nature and no more). 
Social responsibility: to get rid of the 
lienation that is a legacy of the Protestant 
work ethic; he works towards a society 
here what we would now call under- 
employment is called leisure, and where 
unemployment (denying the right of 
persons to work} has withered away; a 
great extension of self-help, too, with 
voluntary community service replacing 
nuch that is now done by the State. He 


on for treatment. H ig @ very personal 









































works, too, for inducements to bring 
people back, part time, on to the land (he is 
strongly in favour of people owning their 
own land) to grow some food for 
themselves. 

Grassroots democracy: this, translated 
into politics, has plenty of precedent, from 
the New England Town Meeting to the 
assembly in an [bo town in Nigeria. In the 
present political climate in Britain it is 
unnecessary to emphasize the rising resent- 
ment of people who are not consulted 
before decisions are made, and whose 
limited influence in local government is 
being ruthlessly eroded. He quotes what is, 
to me, the grimmest warning in the book: 
‘*... when a people begin to question the 
right of their leaders to govern, the leaders 
question the right of the people to 
question’’. 

Non-violence: here nothing new, but no 
less important on that account. There is a 
mass-insanity about an arms race, which 
one doesn’t have to be a Green to be 
ashamed about. 

But what is the prescription for ridding 
the industrial nations of these evils? It is at 
this stage that the weasel-word ‘‘must’’ 
creeps in, on page after page. Applied to 
individuals, yes, it’s valid. I “must” do 
what I believe to be right, whether I profit 
from it or not. But when ‘‘must”’ is applied 
to governments, multinational corpor- 
ations, the totality of populations in a 
nation, the word is meaningless — unless 
“must” is to mean compulsion, arrest, 
labour camps, torture, the firing squad 
(and even with all these, there will always 
be men and women to defy ‘‘must’’.) Itis a 
principle of the Greens in Germany that 
‘all notions of dictating to the majority of 
people what is good for them are foreign to 
us’’. So Porritt, like the rest of us, is faced 
with the question: can you change human 
nature? He sweeps aside the cautious reply 
of those who have tried to do just that, and 





What price nuclear 
power? 
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Nuclear Power: Futures, Costs and 
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ALL METHODS of generating electricity are 
associated with potentially harmful effects 
on human life and the environment. Yet, 
rightly or wrongly, many people see the 
possible hazards stemming from nuclear 
power stations as of a different order of 
magnitude to those connected with other 
forms of generation. 

In recent years concern over nuclear 
power stations has been fuelled by various 
mishaps, especially the accident in 1979 at 








he hopes (some hope!) that one day self- 
interest and the public interest will 
coincide. Well, one day they will, but not, 
I’m afraid, in the way Porritt hopes. It 
seems that human beings, although they 
can foresee environmental changes in a way 
other creatures cannot, nevertheless are 
not capable, as whole communities, to 
adapt their life-style in anticipation of the 
coming change. They can adapt only after 
the change has begun to operate and 
disaster stands at the door. Did we adapt to 
anticipate the industrial revolution? No. 
Are we showing any sign of adapting to the 
consequences of the present post-industrial 
revolution? None that I can discern. 
There is one ground for optimism. It is 
drawn from the wisdom of R.H. Tawney, 
whom Porritt courageously quotes and 
who (I guess) is one of Porritt’s heroes. 
First (on p. 124): 
. Since even quite common men have souls, no 
increase in material wealth will compensate 
them for arrangements which insult their self- 
respect and impair their freedom. 
And (on p. 195): 
...no change of system or machinery can avert 
those causes of social malaise which consist of 
egotism, greed, or quarrelsomeness of human 
nature. What it can do is to create an environ- 
ment in which those are not the qualities which 
are encouraged. 
On p. 216 Porritt sets out in two parallel 
columns the politics of industrialism and 
the politics of ecology. They cast a cold 
light on the task of changing human nature 
by peaceful persuasion, But — and this is 
why I was cheered by the book, although I 
disagree with many of its assertions — 
Porritt and others of his generation are not 
dismayed by the prospect. His motto could 
well be the words attributed to Columbus: 
‘no land in sight, but sailed on’’. 0 
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; Three Mile Island (TMI). The stated pur- 
pose of Evans and Hope’s book is to con- 
sider how doubts about the costs and risks 
of nuclear power have grown and how they 
should (my italics) be taken into account 
when making decisions about future opt- 
ions for power generation. In their 
analysis, however, the authors explicitly 
ignore issues of proliferation, waste 
disposal, environmental effects (other than 
on human health) and the purely political 
aspects of nuclear power. 

The book can conveniently be divided 
into three parts. The first (Chapter 2) 
reviews nuclear power programmes outside 
communist areas and estimates the total 
instalied nuclear capacity up to the year 
2000. It shows how such estimates have 
been continually revised downwards in 
recent years. The second part (Chapters 
3~5) considers the possible frequency of 
core meltdown accidents in light water 
reactors (LWR) and the possible costs of 
such accidents. Finally, Chapters 6-10 












NATURE VOL. 313-17 JANUARY 1985 


deal with the analysis of risk and uncert- 
ainty in the appraisal of nuclear power 
projects, 

Various methods can be used to estimate 
the risks to public safety stemming from 
accidents at nuclear power stations. One is 
the probabilistic risk assessment (PRA) 
method which was used by the US Nuclear 
Regulatory Commission in its report pub- 
lished in 1975 (variously known as the 
Rasmussen or WASH-1400 report). In- 
stead of estimating frequencies of occur- 
rences based on operating experience, PRA 
estimates frequencies based on judgements 
of what could go wrong, together with the 
consequences, and the likelihood of a 
particular accident. Using this method, 
WASH-1400 suggested that the 50% 
chance of a core meltdown was once every 
20,000 reactor years. Evans and Hope 
estimate frequencies on the basis of aggre- 
gate operating experience to the end of 

- 1982. and, interpreting the TMI accident as 
`- ameltdown, obtain a most likely value for 
- frequency of core meltdown in LWRs as 
once every 858 reactor years. The authors 
correctly conclude that on their evidence 
‘informed observers begin to feel uneasy” 
(p. 71). But their result is crucially de- 
pendent on the interpretation of TMI as a 
core meltdown, and that has not been 
clearly established. 

The choice between alternative forms of 
power generation poses many problems, 
but one basic requirement is to ensure that 
all the relevant options have been con- 
sidered. In Chapter 7 the authors examine 
the choice of the least-cost generation 
option to meet projected electricity 
demand in England and Wales, and show 
this to be a pressurized water reactor 
(PWR). Subsequently, however, they con- 
sider briefly possible trade in electricity bet- 
ween France and England, and show this to 
be a lower cost option than the PWR; the 
range of options covered in Chapter 7 is 
thus incomplete. 

Conservationists will be interested in the 
authors’. method. of evaluating risks of 
_ nuclear power projects. The method uses 
weights based on value judgements to rank 
six options in terms of various risks, includ- 
ing risk of death, morbidity and of dread 
(such as dread at the thought of a nuclear 
accident). Their results show that, in terms 
of risk attributes considered and weights 
used, energy conservation is the preferred 
choice. 

This is a thought-provoking book which 
should be of interest to both proponents 
and opponents of nuclear power. One of its 
main merits is that it does encourage the 
reader to think carefully about a number of 
issues. But it is regrettable that Evans and 
Hope were unable to apply their methods 
of analysis to nuclear waste management or 
to consider the risks associated with 
proliferation. o 





Michael Webb is Senior Research Fellow in 


<< Economics at St Antony’s College, University 






~ of Oxford. 


BOOK REVIEWS 
Alternative cultures 
L.H. Jones 


Handbook of Plant Cell Culture. Vol. 1 
Techniques for Propagation and 
Breeding. Vol. 2 Crop Species. 

Edited by D.A. Evans, W.R. Sharp, P.V. 
Ammirato and Y. Yamada. 

Macmillan, New York/Collier 
Macmillan, West Drayton, Middlesex: 
1984. Vol. 1 pp. 970. Vol. 2 pp. 644. $53, 
£55 each volume. 

Cell Culture and Somatic Cell Genetics of 
Plants. Vol. 1 Laboratory Procedures 
and Their Applications. 

Edited by Indra K. Vasil. 

Academic: 1984. Pp. 825. $85, £59.50. 


THE potential of tissue culture as a tool in 
plant breeding was made manifest in the 
late 1950s, with the first recovery of plants 
from culture. The power of rapid clonal 
multiplication of élite selections from the 
plant breeders’ conventional crosses was 
soon recognized and resulted in the rapid 
development of clonal propagation meth- 
ods, based mainly on micropropagation 
from excised buds or shoot tips. During the 
1970s, the possibilities of using culture 
methods themselves as an extension of 
breeding techniques excited the popular 
press to exotic claims of the imminent 
appearance of super-crops derived from 
protoplast fusion and other cell 
manipulations. Despite the wild 
speculations, little of material value 
appeared in the seed catalogues as a result. 
But the underlying detail of techniques was 
being laboriously developed, and we 
thereby gained valuable experiencein use of 
haploids, protoplasts and cell suspensions. 

During and since that time a steady 
stream of papers appeared, describing new 
medium formulations and protocols for 
the propagation of an ever-widening range 
of species. Most tissue culture conferences 
became tedious recitations of recipes, 
frequently impossible to reproduce in other 
laboratories. Success or failure depends on 
so many subtle factors, that the whole 
process of plant tissue culture seems more a 
matter of empirical art than of science. So 
it was and so it remains. Now we have two 
multi-volume works that attempt to draw 
some sort of order from the chaos. 

In the Handbook of Plant Cell Culture, 
to be published in five volumes of which 
two are currently available, D.A. Evans 
and his co-editors have attempted to bring 
together a really practical series of books, 
giving detailed references and full proto- 
cols for various culture techniques. The 
editors have drawn on distinguished 
authors from many different countries and 
have maintained a remarkably uniform 
style and format. Volume 1 concentrates 
on techniques for propagation and breed- 
ing, and gives a full literature review, 
species lists and most valuable, detailed 
protocols. These will be particularly useful 




































































to the many workers who wish to use tissue 
culture as another tool in a complex. pro- 
gramme rather than as an end in itself, 
Space was also found for two chapters o 
secondary metabolite production. This. 
perhaps the weakest part of the book: the 
subject matter is not in tune with the main 
theme and the coverage is not as compr 
hensive as that devoted to the plant bre 
ing topics. There is for instance no mention 
of the important developments using 
immobilized cell systems. So much activi 
is taking place that this area, too, could 
stand a detailed treatment; perhaps the 
editors plan to do so in a later volum 

Although in the first volume many agri- 
culturally important species are mentioned 
in passing, Vol. 2 deals specifically with 
individual crops, including. ma 
important species. More will be covered 
Vol. 3. Each species is introduced with 
short account of its history and economic 
importance, and a discussion of breeding 
problems, before we proceed to a survey 
the tissue-culture literature and the detailed 
protocols. 

Naturally, however, there are imperfec 
tions. The print and general layout are 
crowded and unattractive, and most 
chapters are so packed with detail as to 
make the books very definitely works for 
reference and not for general reading 
Many of the reviews are unduly descriptive 
in nature and the reader might have been 
helped to sort out the most importan 
papers by a few more selective value judge- 
ments in the text (this deficiency. is 
remedied to some extent by a short list. of 
key papers at the top of each bibliograph: 
Although detailed protocols are given for 
most procedures, the contributors coul 
also have given us more information onthe 
vital stages of stock plant preparation and 
sampling which usually tip the balance — 
between success and failure. ; 

These, however, are carping comments 
on a remarkable compendium which can 
have missed little of the published 
literature. It is a generally successful 
attempt to produce a definitive statement 
of work on plant tissue culture techniques, 
and if the remaining volumes are of the 
same standard the series will be an: in- 
valuable reference work in tissue culture 
laboratories throughout the world. My 
copy of Vol. 1 is already well thumbed, and 
has developed a strong tendency to walk 
from the office desk to the laboratory _ 
bench down the corridor. There can be few 
higher recommendations for a book. 

The first volume of the series from Aca: 
demic Press (apparently planned as a 
“closed treatise’) deals with laboratory 
procedures in cell culture and somatic cell. 
genetics of plants, so can be viewed as being 
in competition with the Macmillan series. It 





© Motoo Kimura’s The Neutral Theory of 
Molecular Evolution has been issued in paper- 
back by Cambridge University Press. Price is. 
£12.50, $19.95. For review see Nature 306, 713 
(1983). 








































































is, however, quite different in concept and 

esentation, although both series have 
many authors in common. The contri- 
butors do not attempt the comprehensive 
literature survey provided by their 
counterparts in Evans eż al., but present 
helpful ‘‘how-to-do-it’’ instructions with a 
good selection of important references. A 
wide range of practical methods is covered 
in 85 short, easily read chapters and little 
difficulty should be experienced in 
lowing most of the methods given, 
although many of them appear deceptively 
simple. The style of text and layout is more 
attractive than its rival, and while the two 
series have much subject matter in 
common there are many topics specific to 
each. Because it appears less confusing this 
book will appeal more to the newcomer to 
the field, but once started the reader may 
well wish to refer to the more detailed 
account of the literature given in the 
Macmillan series. If the budget will stretch, 
there is sufficient difference in subject 
matter, style and content to warrant 
urchase of both sets of volumes. o 


g 





H. Jones is Head of the Plant Tissue Culture 
Unit at Unilever Research Laboratories, 
Sharnbrook, Bedfordshire. 


After Olive 
Brian Shaffer 


The Dictyostelids. 
By Kenneth B. Raper. 

rinceton University Press: 1984. 453 
alkaline pages. $97.50, £80.70. 











ABOUT thirty years ago, the only slime 
moulds vaguely known to the average bio- 
logist were the myxomycetes. Since then 
e cellular slime moulds, which alternate 
between a unicellular and a multicellular 
e, have invaded even the elementary 
iology course as a paradigm of inter- 
cellular communication, adhesion and be- 
haviour; and as waves of amoebae have 
swept in with what, not only in time-lapse 
photography but in real time, is such 
bliging rapidity, and then undergone bi- 
nary differentiation in specific proportions 
to produce structures of specific shape, 
hundreds of biologists have been swept 
nto studying them. 

_ Aggregation in the larger species of dict- 
_yostelids is a relay system in which the 
central amoebae secrete an acrasin, which 
first attracts other cells and then induces 
_ them to secrete acrasin, so that they in turn 
_ attract and induce more peripheral cells. In 
some respects this is a model for much cult- 
‘ural transmission in human societies — the 
_ spread of technology, religions and isms, 
< of FRS’s and Nobel prizes. So it was per- 
haps surprising that it took quite a few 
years for my demonstration of this relay 
_-system to be generally accepted and for it 
then to induce further work on the relay 





Kenneth Raper was clearly one of the two 
or three founders of modern research into 
cellular slime moulds. One can easily trace 
the transmission of his influence to many 
laboratories, often by the students he 
attracted who in turn attracted others. 

Since 1930 Raper has studied morpho- 
logical development and taxonomy, a 
number of his techniques remaining un- 
changed. Whereas many workers restrict 
themselves to whatever standard medium is 
currently in use, Raper has always been 
concerned with the minute details of the 
slime moulds’ natural environments and 
the effect of cultural conditions on 
development and hence on features used in 
classification. The allocation of space in 
this book reflects this emphasis. Nearly 
half is devoted to systematics, much of it 
dealing with each species’ requirements; 
and the rest of the book, which gives a 
synoptic view of development, contains 
large sections on occurrence, isolation, 
ecology, cultivation and culture 
maintenance. This leads to some dup- 
lication of material but the fullness of 
treatment could convince an amateur 
naturalist that without high technology he 
could still usefully contribute to slime- 
mould studies. 

While several recent books have dealt 
with different aspects of slime moulds, this 
is the first account since E.W. Olive’s at the 
turn of the century to give a comprehensive 
description of all known dictyostelids. 
Raper characteristically maximizes his 
predecessor’s contributions, probably pre- 
viously entirely unknown to most present- 
day workers. Throughout, he refers 
generously to his colleagues, correcting 
their errors gently without polemic — as 
well as acknowledging his own. He 
avowedly gives minimal coverage to bio- 
chemistry and genetics. 

The chapter on macrocysts may seem 
overburdened with somewhat confusing 
details from the original papers, but this is 
the long-missed sexual phase which should 
be of great importance for genetic and de- 
velopmental analysis if details of culture 
receive sufficient attention. (All but the 
most interlinear reader may be baffled by 
the phrase ‘‘macrocysts neither observed 
nor reported’’ repeated in descriptions of 
several species.) 

In this era of the bestseller, in which 
interest is concentrated ona tiny fraction of 
the available range of a particular subclass 
of object — whether the class be books, 
films, records or species — it is no surprise 
that almost all work on the cellular slime 
moulds has been confined to a single 
species, Dictyostelium discoideum, dis- 
covered by Raper himself. Here he is trying 
to redress the balance. One hopes that his 
hawking a much wider range of species 
than are usually on display will tempt other 
researchers into working on them. o 





Brian Shaffer is a past Fellow of Trinity College 
and of Gonville and Caius College, Cambridge. 


E VOL. 3 
Physical chemistry 
of proteins 
Wayne L. Mattice 


Proteins: Structures and Molecular 
Principles. 

By Thomas E. Creighton. 

W. H. Freeman: 1984. Pp.515. 
$26, £28.95. 





THOMAS Creighton aims this book at an 
audience with ‘ʻa background in biology, 
with some knowledge of biochemistry, 
genetics, and cell biology’’. His readers are 
assumed to have no special expertise in the 
physical sciences. 

Accordingly, six out of the ten chapters 
(about 75% of the book) discuss various 
aspects of the physical chemistry of 
proteins. These chapters — ‘Physical 
Forces that Determine the Properties of 
Proteins”, ‘‘Conformational Properties 
of Polypeptide Chains’’, ‘‘The Folded 
Conformations of Globular Proteins”, 
“Proteins in Solution’’, ‘‘Interactions 
with Other Molecules’’ and ‘‘Catalysis’? — 
are clear and informative, and should 
prove interesting to the intended 
readership. Most of the remaining 25% is 
devoted to chapters entitled ‘‘Chemical 
Nature of Polypeptides’’, ‘‘Protein 
Biosynthesis”? and ‘‘Evolutionary and 
Genetic Origins of Protein Sequences”. 
As one expects of a book emanating 
from W. H. Freeman, the written word is 
supported by a great many illustrations of 
high quality. 

Each chapter is copiously referenced, 
and the references are appropriate for the 
material presented. However, many of the 
papers concerned are at a level demanding 
a high degree of sophistication in physical 
chemistry, or a closely related field, and 
will be incomprehensible to a reader whose 
training is solely in biology. 

The book contains occasional errors and 
contradictions. For example at one point it 
is asserted that dichloroacetic acid is a 
helix-supporting solvent. And in Chapter 5 
it is stated that ‘‘Pro residues are 
incompatible with both the a-helix and 
B -sheet conformations”, while the next 
chapter contains a table showing that Pro 
has a significant occurrence in both 
conformations. This contradiction could 
have been remedied by a short discussion of 
the role played by Pro at the amino 
terminus of helical segments and at the 
edges of sheets. 

But the good points clearly outweigh the 
minor defects. For those with a biological 
background who would like to become 
familiar with the properties of proteins at 
the molecular level, Creighton’s book will 
prove very helpful. 


Wayne L. Mattice is Professor of Physical 
Chemistry at Louisiana State University, Baton 
Rouge. 
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“ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(University of London) 


DEPARTMENT OF CHEMICAL 
PATHOLOGY 


SENIOR RESEARCH 
OFFICER 


required to work on an MRC 
supported project on the calcitonin 
peptide family and osteoporosis. The 
Research Officer should have a PhD 
ina suitable related discipline. The 
project involves immunoassays 
(radioimmunoassays and enzyme- 
inked assays) and some aspects of 
nolecular biology. 


The appointment will be in the 
Senior Research Officer Range 1A, 
ap to £7,630 plus £1,186 London 
Allowance. 


Application forms and further 
particulars can be obtained from the 
Personnel Office, Royal Post- 
zraduate Medical School, 150 
Ducane Road, London, W12 OHS, 
quoting reference number 4/230. 


Closing date: 7 February 1985. 
(5159A 





UNITED MEDICAL AND 
DENTAL SCHOOLS 
(Guy’s Campus) 


RESEARCH ASSISTANT 


(pre- or post-doctoral protein 
chemist} required with experience in 
separation and fractionation of 
microbial or cellular proteins. The 
project is concerned with separation 
of small molecular weight proteins 
from streptococci; some with 
immunodominant helper and others 
with suppressor determinants. The 
post is linked to a group of immuno- 
chemists and cellular immunologists 
working on immuncregulation of T 
and B cells elicited by streptococcal 
antigens. Salary in range £7,980- 
£10,330 pa plus £1,233 pa London 
Allowance, depending on qualifica- 
tions and experience. 


For further information contact 
Professor T Lehner, Department of 
Oral Immunology and Microbiology 
at the address below. 


Applications, including CV and 
names of two referees, to the Staffing 
Officer, UMDS, Guy’s Hospital 
Medical School, London SEI 9RT, 
quoting Ref: G/OIM/22. (SI77I)A 


MEMBRANE TRANSPORT 


POSTDOCTORAL AND 
ADVANCED RESEARCH 
ASSISTANT 


positions are available immediately 
for individuals interested in pursuing 
studies on the structure and 
mechanism of the ion-translocating 
ATPases. We have recently demon- 
strated that the electrogenic proton- 
translocating ATPase in the plasma 
membrane of the eukaryotic micro- 
organism. Neurospora, operates via 
a mechanism that is similar to that of 
the Nat/K + — and Ca?+ — trans- 


locating ATPases of animal cell 


origin. Research will involve 
investigation of the biochemistry and 
molecular biology of this ATPase 
with the goal of elucidating its 
molecular mechanism. Salaries are 
commensurate with experience. 


Send curriculum vitae and names 
of three references to Dr Gene A 
Scarborough, Department of 
Pharmacology, School of Medicine, 
The University of North Carolina at 
Chapel Hill, Chapel Hill, NC 27514. 


Equal Opportunity Employer. 
(NW1367)A 






























UNIVERSITY OF 
WISCONSIN | 


DEPARTMENT OF 
HUMAN ONCOLOGY 


ASSISTANT/ ASSOCIAT 
PROFESSOR 

Tenure Track, in Radiation B 
Section of the Department of H 
Oncology University of Wisco 
Madison. Radiation Biology. 
atory Investigator sought w 
research interests may incl 
hyperthermia, experimel 
radiation therapy, radiation carci 
genesis or radiation related molec 


should havea strong research reco 
be prepared to develop 
independent research. program 
participate in the departme: 
teaching and PhD training progr 


Send résumé, statement 
research interests and names 
references to: Michael: N- 
Radiation Biologist Search 
mittee, University of ‘Wiscon 
Dept of Human Oncology: K: 
600 Highland Ave, Madison, 
53792. Equal 


Employer. 












Head of Molecular 
Biology Department 


BIGBEN 


Biogen, a rapidly growing biotechnology company with laboratories in the 
U.S. and Switzerland, has the following position available in our Cambridge 
facility. i 


A vacancy exists for the Head of Molecular Biology to direct a staff. 
of 27 people. The position involves significant administrative obliga- 
tions, as well as scientific responsibilities for planning and evaluating ; 
research strategies from conception through production. The posi- g 
tion reports to the President, Biogen Research Corp., and administers. 
the molecular biology phases of projects in other departments, as 

well as the budgeting, personnel, and scientific issues within the 
Molecular Biology group itself. i 


SENIOR EDITOR 


Academic Press, Inc. a major sci- 
entific and technical publisher 
currently seeks an experienced 
Scientific Editor. 


We are seeking a scientifically 
trained professional life science 
editor to participate in maintaining 

§ and developing extensive list of 
_ journals. The position will be 
located in New York and requires 
travel. Candidate must be familiar 
with several areas of scientific 
research. Five or more years 


of publishing experience, plus 
graduate level i he in sci- 


ences required. This position 
also requires creative enthusiasm, 
and offers a role in shaping the 
future of commercial scholarly 
publishing. 


We offer an excellent starting sal- 
ary and comprehensive benefit 
package. Please forward your re- 
sume with salary requirements to: 


Academic Press 
111 Fifth Avenue, 
New York, NY. 10003 
Attn: M. Ricciardi 


Equal Opportunity Employer 


The successful candidate must have a strong background in either . 
eukaryotic or prokaryotic molecular biology using recombinant DNA _ 
technology, and experience in directing a research group, either in 
an industrial, university or basic research institute setting. 


Biogen offers an excellent compensation and benefits package. Please: _ 
send your CV and the names of 3 references to: Ms. Nanci Pye,” 
Manager of Human Resources, Dept. MB-5, Biogen Research Corp., 

14 Cambridge Center, Cambridge MA 02142. An equal opportunity - 


CINWA365)A 
bill employer. (NW1373)A 










MICROWAVE | 
ENGINEERS 
PHYSICISTS/APPLIED 
MATHEMATICIANS 


British Aerospace Dynamics Group have started a new Research and 
Development Facility at Plymouth. There are openings at the Post-Graduate, 
Post-Doctoral and Senior Levels. 

Successful applicants will work on different aspects of research into and 
development of Microwave, Millimetre-Wave and very far infra-red systems 
and components. A good understanding of physical principals is an essential 
requirement and experience in any of the above fields is highly desirable. 

We offer attractive salaries and the rare opportunity of joining a high level 
team soon after its inception. 

Please send a curriculum vitae, or write for an application form to: Norman 
Holmes (Ref: N/17/1/85), Personnel Department, British Aerospace PLC, 
Dynamics Group, Clittaford Road, Southway, PLYMOUTH, Devon. 
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UNIVERSITY OF 
EDINBURGH 


KOESTLER CHAIR OF 
PARAPSYCHOLOGY 


Applications are invited for the 
Koestler Chair of Parapsychology. 


The Koestler endowment requires 
that parapsychology shall be under- 
stood to mean the scientific study of 
‘paranormal phenomena’, in par- 
ticular the capacity attributed to 
some individuals to interact with 
their external environment by means 
other than the recognised sensory or 
motor channels. 


The duties of the Koestler 
Professor will be to carry out and 
encourage research in para- 
psychology. The University seeks to 
appoint an individual with proven 
interest, experience and achievement 
in parapsychological research 
together than an interest and wide 
knowledge of the implications of the 
paranormal for philosophy, science 
and society. In view of the 
widespread interest in the field within 
the University, the Professor will be 
invited to contribute some teaching in 
the Department of Psychology and 
possibly in other departments. 


The Chair will be held in the 







Tel: Plymouth (0752) 707951. 



























THE MACAULAY INSTITUTE 
FOR SOIL RESEARCH 
Department of Plant Physiology 


SCIENTIFIC OFFICER/ 
_ HIGHER SCIENTIFIC 
OFFICER 


ications are invited for a Scientific Officer / Higher Scientific Officer 
gage in research leading to the characterization of uptake, and 
ansport within the plant, of a range of biosignificant trace elements. 
‘andidates should possess a First or Upper Second Class Honours 
egree in Plant Science, or Plant Physiology. An interest in, or 
iowledge of, trace element chemistry — and in soil science — would 
è an- advantage. At least two years’ relevant post-qualifying research 
xperience is required for appointment as Higher Scientific Officer. 
£5,909 - £8,153 (Scientific Officer), £7,435 - £10,039 (Higher 
tific. Officer) per annum, according to qualifications and 
perience. Non-contributory superannuation scheme operates. The 
Institute for Soil Research is an Equal Opportunities 


























Forms of application and further particulars of the post may be 
obtained. from The Secretary, The Macaulay Institute for Soil 
esearch, Craigiebuckler, Aberdeen, AB9 20J, to whom they 
hould be returned by 4 February 1985. Quote Ref. 83/29. 

> ; {5165)A 











BRITISH 
AEROSPACE 


LVN AMMMCS CORRON 


Department of Psychology, of which 
the incumbent will be a full member, 


Applications (fourteen copies} 
should be submitted, not later than 
Ist March 1985, to the Secretary to 
the University of Edinburgh, Old 
College, South Bridge, Edinburgh, 
from whom further particulars may 
be obtained. 













(5166)A 











Please quote reference no 26/84. 
{(5142)A 










MOLECULAR BIOLOGIST 
University of California, Riverside 
Department of Entomology 


The Riverside campus of the University of California is currently 
forming a Multidisciplinary Group in molecular biology. The unit will 
involve components of several departments including Plant Pathology, 
Biochemistry, Botany and Plant Sciences, Biology, Nematology, as 
well as the Division of Biological Control within the Department of 
Entomology. 


Applications are invited for a tenure-track, assistant professor position 
in molecular biology/insect pathology in the Division of Biological 
Control. The appointee will be expected to develop a vigorous research 
program directed toward an increased understanding of the molecular 
biology of insect pathogens. More specifically, he/she will be expected 
to assess the potential for applying current methodologies of molecular 
biology to the area of insect pathology aimed at improving the efficacy 
of insect pathogens for biological contro}. The postion will alse involve 
teaching responsibilities and graduate student supervision. A PhD 
degree in cell bilogy/biochemistry is required, with training in molecular 
genetics and recombinant DNA technology. Postdoctoral experience is 
highly desirabie. 


Applicants should send a curriculum vitae, list of publications, a 
statement of interests, and a list of five references to: Dr. B. A. 
Federici, Division of Biological Control, University of California, 
Riverside CA 92521. The appointment will be effective July 1, 
1985, although the position will remain open until a suitable 
candidate is selected. 

The University of California, Riverside, is an equal opportunity/affir- 
mative action employer. Minority and women candidates are urged to 
apply. INW1357)A 














































: THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Centre for Resource and 
Environmental Studies 


DIRECTOR 


The University seeks to appoint a 
Director of the Centre for Resource 
ind. Environmental Studies to 
succeed Professor Stuart Harris who 
n October 1984 took up the post of 
Secretary:to the Department of 
Foreign Affairs. in the Australian 
Public Service. 

“<The: Centre undertakes advanced 
ipplied research on resource and 
vironmental policy issues. 
Particular emphasis is placed on 
ssues.of importance to Australia. At 
yresent there are eleven academic 
taff (many on short term appoint- 
nents), a number of visitors and 
itudents and a substantial support 
taff. The Director’s professional 
yackground may be from any area 
appropriate to the Centre. 


-In employing a policy framework 
‘or synthesising its research, the 
Zentre seeks to present its findings to 
‘enior policy advisers and policy 
nakers. The Director will, it is 
‘xpected, have experience of inter- 
iting with such groups at an appro- 
yriately high level. 


The Director will also hold a Chair 
nthe University. The term of office 
is Director will. be a matter for 
igreement with the University but is 
ikely to be for five to seven years with 
he possibility of extension. for a 
‘urther period. Appointment as 
srofessor could be either for a fixed 
erm or until retiring age. Enquiries 
‘rom persons- interested in 
‘econdment from. their home 
nstitutions would be welcomed. 


The Director will receive a pro- 
‘essorial salary of, currently, 
\$55,282 per annum, plus a 
esponsibility loading of, currently, 
4$2,726 per annum and a small 
‘ntertainment allowance. 


‘Grants are provided towards travel 
ind removal. The appointee (unless 
m secondment) will be required to 
yecome a member of the Super- 
mnuation Scheme- for Australian 
Jniversities. Assistance with finding 
wcommodation is provided for an 
ippointee. from outside Canberra. 
The University reserves the right not 
o make an appointment or to make 
in appointment by invitation at any 
ime. 


Anyone interested in this 
ippointment is asked to obtain 
‘urther information from the Acting 
Registrar, Australian National 
Iniversity, GPO Box 4, Canberra 
ACT 2601, Australia, with whom 
tpplications close on 8 March 1985. 


The University is an equal 
»ypportunityemployer. (WISSI)A 


PROTEIN CHEMIST 


Aust have several years of experience 
1 purification of proteins and pep- 
ides. Competitive salary, based on 
xperience, 


‘Send CV and references to: 
imployment Manager, Human 
tesources Department, Children’s 
{Tospital of San Francisco, 3700 
<alifornia Sireci, SF CA. 94118. 
E. _ANWI349)A 








duphar 


RESEARCH ASSISTANT 
n & carry out experiments 
ect of immunotoxins on 
human bone marrow cells. 
Applicant must have Ph.D. and 
postdoctoral training that 
Includes experience in cellular 
immunology, flow © 
immuncchemistry. 
& names of 3 references to: 
E.S. Vitetta, gert Micro- 
D, 5323 Har 
Sivd., Boles TX 
batt /85. UTHSCD is an Equal 
Employment Sport A insti- 


ubmit C.V. 



























Duphar B.V. is a medium-sized internationally orientated 
pharmaceutical company with a range of ethical 
pharmaceuticals originating largely from its own research- 
and development. Compared with the pharmaceutical 
industry in general, Duphar reinvests a large proportion of 
its turnover in R&D. Major areas of research:arein the . 
central nervous, vascular and gastro-intestinal system: 
The R&D facility is situated in pleasant surroundings, 
sixteen kilometers from Amsterdam. 


Duphars’s Pharmacology Department (about 60 staff) is 
housed in well-equipped new laboratories. 
This department has a vacancy for a 


pharmacologist/ 
cell biologist 


This is a newly created position which offers an excellent 
opportunity for a creative and innovative scientist. 

The successful candidate will lead a small team to 
establish in vitro techniques, including cell culture, as 
models for physiological and pathophysiological processes 
in vessel walls. The ultimate aim is to use such models for 
drug research to identify new therapeutic possibilities. 


The ideal candidate can demonstrate a good scientific 
record through publications, has a PhD. or equivalent 
degree and at least three years post-doctoral experience. 
The candidate should possess good organizing and 
leadership qualities and be prepared to work as part of a 
team. 


We offer a congenial work climate with excellent social 
conditions and interesting career options in a fast 
growing company. 


For further information please call Dr. Felix Janszen, 
02940 - 79633 or 035 - 23259. 


Applications including C.V. should be sent to 
Dr L.C. Post, Personnel Department Duphar B.V., 
P.O. Box 2, 1380 AA Weesp, the Netherlands. 


DUPHAR B.V., 


Farmaceutisch-Chemische Industrie 
(W1540)A 






SCIENTIST, Research (in academic/ 
research setting}: Isolate specific 
human genes by molecular cloning. 
Determine the chemical structure of 
the genes. Investigate the specific role 
of genes in malignant human cancer. 
Min PhD in Biology-related subject 
and background in bateriophage 
genetics and molecular cloning. 

Research in DNA sequencing a must. 

$20. ,000/yr. Applicants clip ad and 
send résumé to PO Box 865, 

Sacramento, CA 95804 by Feb 8, 

| 1985 and referto_ 1627. (NW1374) 


PEPTIDE _ 
CHEMIST 


Organic chemist for. synthe 
work in peptide and related areas. 
Experience in some. aspects. 
biosynthesis would be added 
advantage. Write with full details : 
of experience. 

Maybridge Chemical Co. Ltd., 
Trevillett, Tintagel, 

N. Cornwall PL34OHW. {5175A 
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ENDOWED CHAIR 
_ MOLECULAR BIOLOGY 


he Department of Biology at Memphis State University invites 
pplications and nominations for an endowed Chair of 
elecular Biology. Applicants are being sought for a tenured 
osition at the full professor level. The candidate should be a 
nally or internationally recognized scholar with an 
blished record of significant achievements in molecular 
y research. Expertise should include the application of 
combinant DNA techniques to problems in viral, microbial, 
mal or plant molecular biology. A Ph.D. in microbiology, 
enetics, biochemistry, molecular biology, immunology or 
elated field is required. 

@ appointee will be expected to be a catalyst in developing a 
enter of excellence in molecular biology, to supervise and 
contribute to the education of graduate students and 

postdoctoral associates, and to interact with other research 
rograms. Considerable funds are available to help equip and 
yperate a laboratory. An attractive salary, commensurate with 
perience, will be provided. Appointment effective August, 
985 or as negotiated. 


\pplications should include curriculum vitae, statement 
research interests and the names of three references. 
irect applications and inquiries to Dr. James F. Payne, 
Molecular Biology Search Committee, Biology 
epartment, Memphis State University, Memphis, TN 
38152. Applications will be accepted until a suitable 
andidate is found. (NW1363)A 


_ CHAIRMAN 
DIVISION OF RESEARCH 


THE CLEVELAND CLINIC FOUNDATION is a world-renowned 
center of medical excellence, in our progressive environment, a 
dedicated and skilled team of physicians and scientists foster an 
-outstanding combination of team spirit and independent vision. 
“We now have an exceptional opportunity for a resourceful profes- 
“2 sional capable of directing our acclaimed Division of Research. 


in this challenging role, you will be charged with providing the 
leadership necessary to plan and direct a dynamically innovative 
Program of Research. You will apply your expertise through diverse 
channels which include providing direction and counse! to a dis- 
tinguished staff of 44 PhD and/or MD tevel senior scientists; chair- 
‘jng various Research Committees; representing the Division both 

- internally and externally; and conducting your own research 
Ve. projects, 


The background of the successful candidate will include a distin- 
guished record of achievement in clinical and basic scientific 
research which has led to recognition of individual expertise in 
more than one specialized field. in addition, the candidate will pos- 
sess atleast 10 years’ experience in an administrative/manage- 
ment post which successfully demonstrates sound leadership abil- 
ities. An-MD or PhD or MD/PhD degree is required. 


This prestigious opportunity offers an excellent compensation 
package. You will also enjoy the combination of cultural, recrea- 
-tional and educational advantages found only in Northeast Ohio. 
For prompt and confidential consideration, direct your resume to: 
Maurice Hanson, MD, THE CLEVELAND CLINIC FOUNDATION, 
9500 Euclid Avenue, Cleveland, OH 44106. 
(NW1378)A 


THE CLEVELAND 
CLINIC FOUNDATION 


-An Equal Opportunity Employer M/F/H/V 


CHAIRMAN AND PROFESSOR 
Department of Horticultural Science 
Ontario Agricultural College 
University of Guelph 


Nominations and applications are invited for the position of Chairman 
of the Department of Horticultural Science at the University of Guelph, 
Guelph, Ontario, Canada. The position becomes available July 1, 1985. 
The department offers an undergraduate major in Horticultural Science 
and a graduate program at the Masters and Ph.D. levels. It currently has 
18 faculty and 35 graduate students. 
The department chairman will have administrative responsibilities for 
the departmental programs; provide leadership to the faculty and assist 
them in professional development; maintain liaison with other 
administrators within the university, with government agencies and 
allied industry groups to co-ordinate research, teaching, and extension 
programs and strengthen interdisciplinary activities: actively seek and 
develop new sources of funding for the departmental programs and 
take an active part in professional organizations. The position provides 
the opportunity to continue personal involvement in teaching, research 
and extension. Candidates must hold a PhD degree in horticulture or a 
closely related field, and have an excellent scholarly record. Candidates 
must have demonstrated leadership and administrative ability. They 
should be active in research and in graduate and undergraduate 
education. 
Applications will be accepted until March 1, 1985. Applicants 
should submit a curriculum vitae and the names of three people 
who may be contacted for letters of reference to: 

Dr. F. L. McEwen 

Dean, OAC 

University of Guelph 

Guelph, Ontario 

Canada N1G 2W1 

(519 824-4120, Ext. 2284) 
in accordance with Canadian immigration requirements, this 
advertisement is directed to Canadian citizens and permanent 
residents. Position subject to final budgetary approval. (NW1348)A 


CELLULAR 
BIOCHEMISTRY 


Staff Scientist 
and 
Postdoctoral Fellow 


IMMUNEX, a multidisciplinary research and development cor- 
poration, is accepting applications for a Staff Scientist and 
Postdoctoral Fellow in the Cellular Biochemistry Program. Can- 
didates must have a doctoral degree and in the case of the Staff 
Scientist position, postdoctoral experience. 


The successful candidates will contribute to research into the 
biochemical characterization of proteins which regulate the im- 
mune (lymphokines) and hematopoietic systems. Expertise in 
purification or modification of biologically active proteins is 
desired. 


immunex provides a full benefits package as well as an 
employee stock option program. 


Applications, including CV, list of publications and names and 
addresses of references should be sent to the Personnel Of- 
ficer, Immunex Corporation, 51 University Street, Seattle, 
Washington 98101. Immunex Corporation is an equal oppor- 
tunity employer. (NW1373)A 








EVOLUTIONARY 
BIOLOGY/ANIMAL 
ECOLOGY 


The Department of Biology at 
The University of Chicago 
announces a search to fill one or 
more positions in the area of Evo- 
lutionary Biology/Animal 
Ecology (broadly defined), at the 
level of Assistant or Associate 
Professor. We are interested in a 
research program that combines 
experimental and theoretical 
approaches. Although we are 
especially interested in the areas 
of animal ecology and molecular 
evolution, other areas will be 
seriously considered. 


Please send a letter of appli- 
cation, curriculum vitae, reprints 
| and/or recent manuscripts, a 
statement of research interests, 
and three letters of reference to: 
Search Committee, Depart- 
ment of Biology, The Uni- 
versity of Chicago, 915 East 
57th Street, Chicago, Illinois 
60637. 


Royal Botanic Gardens, Kew - 
Scientist for Plant Indexation 


This is an opportunity to assist in the 
compilation of the Index Kewensis, the 
world’s main botanical index. 


You will assist a senior colleague by scanning 
the world’s literature on plant taxonomy for 
names, which are extracted for computer listing 
and printing. The Index, now in its 18th 
Supplement, lists all the Latin names of seed- 
bearing plants that have been effectively and 
validly published, together with their authors 
and place of publication. 

Training will be given in the use and 
interpretation of the International Code of 
Botanical Nomenclature. 

The Royal Botanic Gardens, Kew, is an 
independent organisation under the direction of 
a Board of Trustees, but staff are employed under 


conditions of service similar to Civil Servants. 


You should normally have either a degree/ 
HND or HNC in a relevant scientific subject, 
and some knowledge of botany, computers and: 
foreign languages would be advantageous. 

Appointment as Scientific Officer £6635- 
£8880 (including £730 intermediate London: 
weighting) with starting salary according to `= 
qualifications and experience. : 

For further details and an application form. 
(to be returned by 8 February 1985) write to. 
Civil Service Commission, Alencon Link, 
Basingstoke, Hants, RG21 1JB, or telephone 
Basingstoke (0256) 468551 (answering service 
operates outside office hours). 
> aE : . : i Please quote ref: 5/6433. 
~ Deadline for receipt of appli- A 

cations is February if 5, 1985 “the An equal opportunity employer 


University of Chicago is an affir- ISHA 
mative-action, equal opportunity i 
employer. (NW1364)A 














MOLECULAR BIOLOGY AND 


CHIEF EXECUTIVE 
OFFICER 


Emerging Biotech Company developing DNA medical diagnostic tests 
is seeking a hands-on Chief Executive to assist the Board of Directors in 
implementing research projects and developing marketing strategy to 
sell the company’s proprietary tests. Company has a well staffed R&D 
organization plus a clinical laboratory to deliver the tests to the 
marketplace. Individual should have broad based business experience 
in a growth situation and the ability to take charge. Candidate should 
have a technical background and previous senior management 
responsibility. 


Send résumé and salary to: (P.O. Box NW 1362), c/o Nature 
Classified, 65 Bleecker Street, New York, NY 10012. (NW1362)A 





UNIVERSITY OF CAPE TOWN 


ASSOCIATE PROFESSOR 
OF MATHEMATICS 


Applications are invited for an Associate Professorship in Mathematics, 
presently vacant. Candidates should be well qualified in at least one 
branch of mathematics, but particular fields are not specified. 

Salary range: R28 889 — R35377 per annum, with an annual bonus of 
nearly one month's salary and attractive staff benefits. 

Applicants should submit a full curriculum vitae and the names and 
addresses of three referees not later than 31 March 1985 to the 
Registrar, (Attention: Appointments Office) AC/516, University of 
Cape Town, Private Bag, Rondebosch, 7700, South Africa. Further 
information may be obtained from the Registrar or The Secretary, SA 
Universities Office, Chichester House, 278 High Holborn, London 
WC1V 7HE. 

| The University’s policy is not to discriminate on the grounds of 
sex, race or religion..Further information on the implementation 
| ofthis policy is obtainable on request. o (W1552)A 


GENETICS FACULTY POSITIONS 


The Program in Molecular Biology and Genetics, Wayne Stat 
University, invites applications for TENURE TRACK FACULT 
POSITIONS (3) at the rank of Assistant, Associate or Full Profess 
Applicants must have a Ph.D. and/or M.D. Degree with postdoctora 
experience and demonstrate competence in research, human 
mammalian or other eukaryotic molecular genetics. Applicants will be 
expected to develop an independent research program. and 
participate in pre and postdoctoral research training programs. 


Send curriculum vitae and the names of three references to: Dr. 
Orlando J. Miller, Director, Program in Molecular Biology and 
Genetics, Wayne State University School of Medicine, 540 
Canfield, Detroit, MI 48201. An Equal Opportunity / Affirm 
Action Employer. (NW1347)A 


HARVARD SCHOOL OF PUBLIC HEALTH 
PROFESSORS OF BIOSTATISTIC 


Applicants are being sought for two tenured Professorships in 
Biostatistics in the Department of Biostatistics at the Harvard School ol 
Public Health. One will take a leading role in developing. 
participating in the biostatistics teaching program in the Departm nt. 
The other will be concerned with teaching and research in. the appli 
cation of statistical methodology to cancer research and will hold an 
appointment at the Dana-Farber Cancer Institute as well as in the 
Department of Biostatistics. Candidates for both positions must have 
distinguished records of research in biostatistics. These two positions 
are in addition to the position previously advertised for a Professor o 
Biostatistics to lead the research and teaching program in biostatistic: 
and the environment. Applicants may indicate if they wish to: be 
considered for more than one of these positions. 


Candidates should send curricula vitae, statements of current an 
future interests, and the names of at least three individuals who woul 
be willing to respond to a request for evaluation to one of the following 
search committee chairmen: 


Dr. John Cairns, Chairman Dr. Donald Hornig, Chairman 
Search Committee for a Professor Search Committee for a Profess 
of Biostatistics (Teaching Program) of Biostatistics (Cancer Research 
Harvard School of Public Health Harvard School of Public Healt 
665 Huntington Avenue, 665 Huntington Avenue, 
Room 709, Boston, MA 02115 Room 1308, Boston, MA 02115 
U.S.A. U.S.A ; 
HARVARD UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 
WITH AN AFFIRMATIVE ACTION PROGRAM ; : 
ANW1382)4 





"THE MACAULAY INSTITUTE 
FOR SOIL RESEARCH 
Department of Plant Physiology 


SCIENTIFIC OFFICER/ 
HIGHER SCIENTIFIC 
OFFICER 


Applications are invited for a Scientific Officer/ Higher Scientific Officer 

O engage in research on factors affecting trace element uptake 
interactions and availability phenomena in plants. Candidates should 
assess a First or Upper Second Class Honours Degree in Plant 

Science, or Plant Nutrition. Experience in the use of radiochemical 

methods in plant physiology, and some knowledge of soil science 

would be advantageous. At least two years’ relevant post-qualifying 
research experience is required for appointment as Higher Scientific 

Officer. 

Salary £5,909 - £8,153 (Scientific Officer), £7,435 - £10,039 (Higher 
“Scientific Officer) per annum, according to qualifications and 
“experience. Non-contributory superannuation scheme operates. The 

Macaulay Institute for Soil Research is an Equal Opportunities 
_ Employer. 

Forms of application and further particulars of the post may be 
obtained from The Secretary, The Macaulay Institute for Soil 

Research, Craigiebuckler, Aberdeen, AB9 2QJ, to whom they 

should be returned by 4 February 1985. Quote Ref. 83/30. 
(S164)A 


MOLECULAR GENETICISTS 
Crop Plants 


University of Wisconsin-Madison. The Department of Agronomy is 
iccepting applications for this tenure-track position, Assistant 
Professor level. Research (75%) will center on the structure, function, 
and regulation of plant genes in nuclear and/or cytoplasmic genomes at 
molecular and physiological levels in agronomic crop plants. Instruction 
(25%): share the teaching of specialized Departmental courses and 
eventually develop a course dealing with molecular technology in the 
“improvement of agronomic crops. Research and communication 
linkages with Departmental plant physiologists and plant breeders will 
be encouraged, as will campus-wide interactions as a member of the 
W-Madison Biotechnology Center. preference will be given to 
“applicants with training and/or experience in plant breeding and 
enetics in addition to training in molecular genetics and cell biology. 
‘astdoctoral experience is desired. 


iplicants should submit curriculum vitae and three letters of 
‘reference by February 22, 1985 to Dr. Robert A. Forsberg, 
Chairman, Department of Agronomy, University of Wisconsin- 

Madison, Madison, WI 53706. An equal opportunity empoyer 
NW1351)A 


ST. LOUIS UNIVERSITY 
SCHOOL OF MEDICINE 


 TENURE-TRACK APPOINTMENT 
IN PHARMACOLOGY 


The Department of Paharmacology at St. Louis University School of 
Medicine is seeking qualified applicants for a tenure-track appointment 
in Pharmacology at the Assistant Professor level. Candidates must 
ossess a Ph.D. or M.D. degree (or equivalent), have a period of 
-productive postdoctoral training and have demonstrated research 
experience in autonomic, biochemical, cardiovascular or neuro- 
pharmacology. Candidates must be committed to quality teaching and 
-research and will be expected to develop a strong research program 
upported by extramural funding. Interested persons should send 
a curriculum vitae and bibliography, three letters of 
recommendation and a brief description of future research plans 


_ Dr. Thomas C. Westfall 
_Professor and Chairman 
Department of Pharmacology 
St-Louis University School of Medicine 
1402 South Grand Boulevard 
St. Louis, MO-63104, 


auis University School of Medicine is an Affirmative Action/ Equal 


Joportunity Employer. 





(NW1353)A 
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THE OPEN UNIVERSITY 
FACULTY OF SCIENCE 


RESEARCH ASSISTANT/ 
FELLOW IN BIOLOGY 


Applications are invited for an 
immediately available 3 year post in 
neurobiology in the Brain Research 
Group of the Open Universitry’s 
Biology Discipline. The successful 
candidate will be expected to work on 
existing projects that involve investi- 
gations on developmental plasticity 
and early learning in the central 
nervous system. Candidates should 
have experience of biochemical or 
neurochemical techniques. Exper- 
ience in immunology would also be 
advantageous. 


The appointment will be for 3 years 
at the post-doctoral level for candi- 
dates holding a PhD degree in bio- 
chemistry or cell biology, or at the 
research assistant level in the case of a 
suitably qualified graduate. Salary 
will be on either the 1A or 1B Scales 
for Research and Analogous Staff 
depending upon level of quali- 
fications (1A £7,520 - £12,150 pa: 1B 
£6,600 - £8,920 pa) Maximum initial 
salary for appointments on the 1A 
scale will be £8,920. 


Application forms and further 
particulars are available from Dr J W 
R Smith (4152/2), Administrative 
Assistant (Science), Faculty of 
Science, The Open University, 
Walton Hall, Milton Keynes, MK7 
6AA, or telephone Milton Keynes 
(0908) 653478/653993: there is a 24 
hour answering service on Milton 
Keynes 653868. 


Closing date for applications: 8th 
February, 1985. (5160A 


UNIVERSITY OF HAWAI 


DEPARTMENT OF AGRONOMY 
AND SOIL SCIENCE 


SOIL SCIENTIST-SOIL 
CHEMIST 


Assist or Assoc Professor, 
tenure track, eleven-month 
appointment 


Responsibilities: 70% basic and 
applied research in the chemistry of 
tropical soils, 30% teaching at under- 
graduate and graduate level course in 
soil chemistry; serve on graduate 
committees. 


Qualification: PhD in Soil Science 
and or related fields with training and 
or experience in soil organic 
chemistry, inorganic chemistry and 
physical chemistry. For associate 
rank, at least four years experience 
beyond the PhD. 


Salary commensurate with quali- 
fications and experience. Liberal 
fringe benefits program. Deadline 
March 15, 1985 or until position is 
filled. 


Send letter of application, vitae, 
academic transcripts and have at least 
three letters of recommendation 
written to P P Rotar, Chairman, 
Department of Agronomy and Soil 
Science, University of Hawaii, 
Honolulu, HI 96822. Equal 
Employment Opportunity 
zo ANWIBTOVA 








~ VICTORIA UNIVERSITY OF 


WELLINGTON 
New Zealand 


DAVID BEATTIE CHAIR OF 
COMMUNICATIONS 
Victoria University of Wellington 
invites applications from well- 
qualified candidates for the founda- 
tion David Beattie Chair of Com- 
munications, established to com- 
memorate World Commmunications 

year. 

The Chair will be concerned with 
modern communications, its tech- 
nology, its practical applications, 
and its impact on human systems and 
organisations. 


“Communications? covers the 
physical, logical and contextual 
aspects of the processes of infor- 
mation collection, processing, dis- 
semination and interpretation, It 
includes knowledge of such fields as 
computer net working, knowledge 
bases, expert systems, linguistics, 
artificial intelligence and image pro- 
cessing. While applicants should 
have a thorough background in the 
physical and logical aspects of com- 
munication systems and practical 
experience in their application, the 
principal thrust of the appointee’s 
work will be in the social context. For 
example, the appointee might be 
interested in the processes of decision 
making, or in concept formation, 
transmission and modificaiton in 
these new environments; or in the 
social and behavioural changes 
associated with new technologies. 


The current salary range for Pro- 
fessors is: NZ$42,354 ~ NZ$52,899 
pa. 

Conditions of Appointment and 
method of application are available 
from the Secretary General, Associ- 
ation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF; or from the Admini- 
strative Assistant (Appointments), 
Victoria University of Wellington, 
Private Bag, Wellington, New 
Zealand, with whom applications 
close on 29 March 1985. (W1538)A 





UNIVERSITY OF ESSEX 
DEPARTMENT OF CHEMISTRY 


RESEARCH ON AEROSOL 
OPTICS AND THE AFTER- 
EFFECTS OF GLOBAL 
NUCLEAR WAR 


Applications are required urgently 
from a physicist to study aerosol 
optical properties in relation to the 
after-effects of a global nuclear war 
as part of the international SCOPE 
project. The post is available 
immediately and will be tenable until 
30th September 1985; salary will be in 
the range £6,600 - £8,920 per annum. 


Further details are available from 
Dr R M Harrison (telephone (0206) 
862286, ext 2036) or Dr I Colbeck (ext 
2307). 


Applications (three copies), in- 
cluding a curriculum vitae and the 
names and addresses of two referees, 
should reach the Registrar 
(R/225/N), University. of Essex, 
Wivenhoe Park, Colchester CO4 
38Q, by 28 January 1985. (S158)A 
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THE UNIVERSITY OF 
AUCKLAND 
New Zealand 
DEPARTMENT OF CHEMISTRY 
CHAIR IN 
PHYSICAL CHEMISTRY 
Closing Date: 31 March 1985. 


The position is one of three 
established Chairs in the Department 
f Chemistry. Applicants should 
have qualifications in any area of 
Physical Chemistry, and are 
wequested to state what aspects of 
teaching and research they would 
wish to emphasise most strongly. 
Commencing salary will be estab- 
lished within the range NZ$41,937 — 
$52,482 per annum, plus a cost of 
living allowance of $8,00 per week, 
having: regard to the qualifications of 
the candidate concerned. 


School of Engineering 


LECTURESHIP IN 
THEORETICAL AND 
APPLIED MECHANICS 


Closing date: 22 February 1985. 


Applicants should be suitably 
qualified with academic and/or pro- 
fessional experience in any of the 
areas that fall within the scope of the 
Department's activities, the main 
interest of which is the mathematical 
modelling and computational 
solution of engineering problems, the 
two major fields of application being 
Continuum Mechanics and Opera- 
tions Research. Commencing salary 
will be established within the range 
for Lecturers NZ$21,660 — $25,684 
per annum plus a cost of living 
allowance of $8.00 per week. 


Conditions of Appointment and 
Method of Application are available 
from the Assistant Registrar 
‘Academic Appointments), Univer- 
sity of Auckland, Private Bag, 
Auckland, New Zealand, or the 
Secretary General, Association 
of Commonwealth Universities 
‘Appts), 36 Gordon Square, London 
WC1H OPF. Applications, in accord- 
ance with the Method of Application, 
should be forwarded as soon as 
dossible but not later than the closing 
lates stated. (W1548)A 





ST GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


RESEARCH ASSISTANT IN 
CELL BIOLOGY 


Applications are invited for this post 
to join a group involved in an on- 
going study of the biological 
behaviour of common solid human 
cancers using hybridoma technolo- 
gies. The appointment, which is 
available immediately, is tenable 
until 31 December 1985, with a 
possibility of extension. Salary in the 
range of £7833 - £9763 inclusive of 
London Weighting. 


Applictions, with the names of 2 
referees to Dr Anne Grant, 
Department of Surgery, St George’s 
Hospital Medical School, Cranmer 
Terrace, Tooting, London SW17 
JRE (01-672 1255 ext 4805/4716) 
from whom further particulars may 
de obtained. Closing date 7 February 
(SITA 





SOUTH MANCHESTER 
HEALTH AUTHORITY 


UK Reference Laboratory for 
Anticoagulant Reagents 
and Control 


Withington Hospital 


STATISTICIAN/ 
MATHEMATICIAN 


The appointee will be responsible for 
providing statistical, mathematical 
and computational support for 
research and developmment within 
the department. 


Work includes the development of 
1) mathematical models/statistical 
analysis of national and international 
studies, 2) statistical techniques in 
calibration, stability, monitoring and 
accelerated degradation studies of 
biological materials. The appoint- 
ment will be to Principal or Senior 
Scientific Officer, dependent on the 
qualifications, age and experience. 


Salary: Senior £9010 - £9415. Prin- 
cipal £11413 - £11927 pa. New 
entrants to the health service usually 
commence at the minimum point of 
the scale. 


Applicants must have a good 
honours degree in mathematics or 
Statistics. 


Job description and application 
form from the Personnel Depart- 
ment, Withington Hospital, Nell 
Lane, Manchester M20 8LR. Tel: 
061-447 3032/4. Closing date for 
applications: 31/1/85. Shortlisted 
applicants only will be contacted. 

(S140)A 





UNIVERSITY OF 
HONG KONG 


LECTURESHIP IN 
ANATOMY 


Applications are invited for a 
Lectureship in the Department of 
Anatomy. Candidates should have a 
Medical or Dental qualification 
and/or a postgraduate degree in 
science together with experience of 
teaching in one or more of the major 
anatomical specialties (gross 
anatomy, neuroanatomy, histology 
and cell biology). The appointee will 
be expected to undertake research, 
preferably in one of the Depart- 
ment’s pre-existing areas of interest 
— Neurobiology, Neuroen- 
docrinology, Cell Biology, Repro- 
ductive Biology, Human Growth, 
Anthropology, and Oral Biology. 


Annual salary (superannuable) is 
on an fi-point scale; HK$148,080- 
$247,560 (£16,090 - £26,910 approx) 
(Sterling equivalent as at December 
21, 1984). Starting salary will depend 
on qualifications and experience. 


At current rates, salaries tax will 
not exceed 17% of gross income. 
Housing benefits at a rental of 714% 
of salary, children’s education 
allowances, leave and medical 
benefits are provided. 


Further particulars and applica- 
tion forms may be obtained from the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, or from the Appoint- 
ments Unit, Secretary’s Office, Uni- 
versity of Hong Kong, Hong Kong. 
Closing date: 28 February 1985. 

(WIS47)A 





THE AUSTRALIAN NATIONAL UNIVERSITY 
JOHN CURTIN SCHOOL OF MEDICAL RESEARCH 


Postdoctoral Fellow/ Research Fellow/ 
Senior Research Fellow 


(several positions} 


Applicants for these research positions should have a PhD degree-{or 
equivalent qualification) and expertise in any of the areas of research 
listed below. A number of âp ointments will be available to be taken ùp 
during the second half of 1985. : 


Department of Biochemistry: (Head: Professor F. Gibson) 208 

Energy-transducing ATPase; membrane assembly; bioenergetics: 
mechanism of action of classical and multifunctional enzymes; 
molecular biology; gene expression. wot’ 


Department of ; ; 
Experimental Pathology: (Head: Professor P.C. Doherty) oe 
Biology and biochemistry of tumour metastasis, malignancy and host 
response; viral and auto-immune pathological process in the central. 
nervous system; vascular and lymphatic pathology; inflammation: 
pathogenesis of malaria. 


Department of Human Biology: (Head: Dr R.L. Kirk) i 
Recombinant DNA techniques applied to genetic diseases and tọ. 
human population  differentiations; metabolic defects; HLA and. 

complement genetics; red cell enzyme and serum protein 
polymorphisms. 

Department of immunology: (Head: Professor B. Morris). 

Ontogeny of the immune response; immunology of the foetus and 
pregnancy; experimental surgery of the embryo and foetus; embryo. 
transplantation; genetics of disease resistance; reproductive. and 

developmental biology; tissue transplantation; physiology of the 

lymphatic system. i 


Department of Medicine and 


» Clinical Science: (Head: Professor W.F. Doe) 


Mucosal immunity and inflammation; neutral proteases; growth 
factors and differentiation of bone marrow cells, macrephages an 
natural killer cells; pathogenesis of inflammatory bowel disease and 
colon cancer; neurophysiology of intestinal motility; calcium and cell” 
regulation; malignant hyperpyrexia; asthma; platelets, atheroma’and 
haemostasis; transplantation biology. i 


Department of Microbiology: (Head: Professor G.L. Ada) 
Properties of infectious agents, especially viruses; epidemiological 
studies of, and immune responses, particularly cell-mediate 
responses, to viral infections; transformation of cells by. viru: 

engineering of viruses to make better vaccines; surveillanc 
mechanisms against tumours; membrane structures and antigens 
such as histocompatibility antigens, involved in cell-cell recognition. . 


Department of Pharmacology: (Head: Professor D.R. Curtis)... 
Mammaljan central transmitters; pain and analgesia; nerve growth 
actors. ER 
Department of Physical i ; 

Biochemistry: (Head: Professor L.W. Nichol until May 1985) i 
Biological macromolecules; interacting protein systems; multienzymé 
complexes; enzymes of egal’ metabolism; protein conformation and: : 
hydration; secretory and blood proteins. j 


Department of Physiology: (Head: Professor P.W. Gage) i 
ton channels involved in synaptic transmission at peripheral and central 
synapses; effects of general anaesthetics; calcium ionic and gating 
currents; ion channels in epithelial and tumorigenic cells; charge’ 
movements in nerve and muscle; contractile activation in muscle; visual’ 
information processing. SURI 
Experimental Neurology Unit: (Head: Dr S.J. Redman} 
Neurophysiology; spinal cord; synaptic transmission at central 
synapses; respiratory neurophysiology; somatosensory pathways; 
control of movement; physiology of the cerebral cortex in primates; 
Influenza Virus : 

immunochemistry Laboratory: 

(Dr W.G. Laver) f 
Structure and variation of influenza virus antigens and their antibodies, 
Medical Molecular Biology Unit: (Head: Dr I.G. Young) 

Molecular biology of lymphokines and growth factors, gene 
expression, differentiation, oncogenesis. ; 


Conditions of Employment 


Salary will be in accordance with qualifications and experience within f 


the ranges: Senior Research Fellow: A$34699-$41390 p.a.; Research 
Fellow: A$24840-$32634 p.a.; Postdoctoral Fellow Grade’ (at fixed: 
point on scale) A$21411-$24528 p.a. 


Appointment as Senior Research Fellow/ Research Fellow will be for up 
to three years initially with the possibility of extension after review to 
maximum of five years; as Postdoctoral Fellow for one or two years: 
initially with possibility of extension to maximum of three years. 


Grants are provided towards travel and removal. Assistance towards 
housing is given to an appointee from outside Canberra. Eligible: 
appointees will be required to join the Superannuation Scheme for | 
Australian Universities. The University reserves the right not tomake an 
appointment or to make an appointment by invitation at any time: 
Maternity Leave is available. aan 


Prospective applicants are encouraged to write for further. 
information to the Secretary General, Association ‘of 
Commonwealth Universities (Appts), 36 Gordon Square, | 
London WC1H OPF, or to the Acting Registrar, Australian 

National University, GPO Box 4, Canberra, A 2601, Australia, f 
before lodging applications, which close with the Acting.. 
Registrar of the University on8 March 1985 (W1544)A 





MOLECULAR GENETICS POSITION 


Applications are invited for a tenure-track faculty position at the level of 
Assistant or Associate Professor, depending on experience and record, 
“inthe general area of eukaryotic molecular genetics. 


Applicants must have a strong background in molecular genetics or 

elated areas. Those with postdoctoral experience and expertise with 

“plant nuclear genes, DNA-transformation systems, and/or 

‘transposable elements will be given preference. However, other areas 

‘of expertise and organisms which may complement, but not duplicate, 
xisting departmental programs will be considered. 


The position will involve approximately 75% research and 25% 
instruction and is on a 12-month basis (24 days vacation). Individual will 
be expected to develop an independent, vigorous, and competitive 
research program which would complement existing research efforts in 
the department. In addition, the individual will be expected to organize 
and teach a graduate level course in a specialized area of molecular 
enetics, and to participate in other teaching and training activities in 
the department. 


Applications must be received by March 15, 1985. Send C.V., 
reprints of refereed publications, three letters of 
recommendation, and a summary of research and teaching 
goals to: 


Dr. John G. Scandalios 
Professor and Head 
Department of Genetics 
North Carolina State University 
Box 7614 
Raleigh, NC 27695-7614 
NORTH CAROLINA STATE UNIVERSITY IS AN 
: AFFIRMATIVE ACTION/EQUAL OPPORTUNITY EMPLOYER 
(NW1372)A 


 MAYBRIDGE CHEMICAL 
COMPANY LTD. 


Requires a practical organic chemist with knowledge of 

talogue work, information storage/retreival, 

organisation of stores and similar operations. 35 hour 
eek plus usual benefits. 


Write giving full details of experience, to Dr. 


ridgwater, Maybridge Chemical Co. Ltd., 
Trevillett, Tintagel, N. Cornwall PL340HW. (5156)A 


-SENIOR UNIVERSITY RESEARCH 
PROFESSORSHIPS 


North Carolina State University 
Raleigh 


Nominations and applications are invited for three outstanding senior- 
vel University Research Professorships established to enhance the 
University’s thrust in biotechnology. A University Research Profess- 
‘orship in each of the following three areas of research expertise is 
available: molecular mammalian genetics, molecular plant physiology, 
and molecular immunology. The positions are to begin during 1985. 
The new faculty will be affiliated with appropriate departments, and 
each will be expected to provide a leadership role in his or her area of 
expertise and to- help develop programs of excellence in research and 
training: Salaries and research support for these special professorships 
aré competitive nationally. Letters of inquiry, as well as nominations, 
are: welcomed. 
Applications, including three letters of reference, should be 
submitted by 30 March 1985. Submit applications, nominations, 
and requests for additional information to: Dr. Frank B. 
Armstrong, Chairman, Faculty Recruitment Committee, 1 
Patterson Hall, Box 7601, North Carolina State University, 
Raleigh, North Carolina 27695-7601. 
North Carolina. State University is an Equal Opportunity / Affirmative 
_ Action Employer. (NW1359)A 





LINCOLN COLLEGE 
(University College of 
Agriculture) 

New Zealand 


PROFESSOR OF 
ENTOMOLOGY 


Applications are invited for the Chair 
in Entomology at Lincoln College. 


The appointee should hold an 
advanced university degree in Science 
or Agricultural Science and have an 
established record of research and/or 
teaching In Entomology with a 
special interest in Integrated Pest 
Management. 


The appointment will be made 
within the existing range of profes- 
sorial salaries, NZ$41,937- 
NZ$52,482 per annum currently 
supplemented by a $8.00 per week 
Cost of Living Allowance, the com- 
mencing salary being determined by 
the College Council. 


Expenses of appointment re- 
imbursed up to specified limits. 
Government Superannuation is 
available. 


Further details and general Con- 
ditions of Appointment may be 
obtained from the Secretary General, 
The Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF; or 
from the Registrar, Lincoln College, 
Canterbury, New Zealand, with 
whom applications close on 27 March 
1985. (W1549)A 





WAYNE STATE 
UNIVERSITY 
SCHOOL OF MEDICINE 
POSTDOCTORAL POSITION 


in molecular cytogenetics available 
from April 1, 1985. Studies will 
involve gene mapping of mammals, 
with emphasis on in situ hybridi- 
zation. Experience with either cloned 
probes or banded chromosomes is 
required. 


Send curriculum vitae and names 
of three references to Dorothy A 
Miller, PhD, Department of 
Pathology and Program in Molecular 
Biology and Genetics, Wayne State 
University School of Medicine, 540 E 
Canfield, Detroit, MI 48201. An 
Equal Opportunity/Affirmative 
Action Employer. (NW1346)A 





UNIVERSITY OF IOWA 
DEPARTMENT OF BIOLOGY 


RESEARCH SCIENTIST 


Neurobiologist with interests and 
skills complimenting ongoing 
research on the role of neurotrans- 
mitters and neuropeptides in regu- 
lating growth cone motility and 
synaptogenesis. This PhD level 
Research Scientist will perform 
experiments related to patch-clamp 
recording and computer enhance- 
ment of optical images, of cell 
culture, identified molluscan neu- 
rons. Salary range $18,000-$25 ,000. 


Send résumé and 3 references to Dr 
S B Kater, Dept of Biology, Uni- 
versity of lowa, Iowa City, la $2242. 
An Equal Opportunity/Affirmative 
Action Employer. (NW I360)A 








SOUTHAMPTON 
UNIVERSITY 
MEDICAL ONCOLOGY UNIT 


Cancer Research Campaign 
Vacancies for 
POST-DOCTORAL 
SCIENTIST 
and 
GRADUATE RESEARCH 
ASSISTANT 


with background in cell biology anc 
biochemistry in newly formed experi- 
mental research group studying role 
of polypeptide growth factors ir 
cancer chemotherapy. 


Appointment for three years in the 
first instance. Salary in the rangę 
£6,600 - £12,150 per annum 
according to qualifications, age anc 
experience. 


Further information may be 
obtained from Professor Peter 
Alexander at the Southampton 
General Hospital (Southampton 
0703 777222). 


Applications (two copies) giving a 
brief curriculum vitae and the names, 
addresses and telephone numbers of 
two referees should be sent to A J 
Small, Staffing Department, 
Southampton University, Highfield, 
Southampton SO9 5NH as soon as 
possible. Please quote reference 
AJS/85/2/N. 

(SI6DA 





GLASSHOUSE CROPS 
RESEARCH INSTITUTE 


TWO SHORT-TERM POSTS, 
FUNDED TO 31/3/1986 
Microbiologists, grade: Scientific 
Officer II, are required to join a team 
working on the biotechnological 

approaches to straw utilisation. 


Qualifications: degree in relevant 
subject. Salary in range £5,909 
-£8,153 per annum. 


GCRI is an equal opportunities 
employer. 


Apply ref MRB/420/1, Glass- 
house Crops Research Institute, 
Worthing Road, Littlehampton, W 
Sussex, BN17 6LP by 25 January 
1985, (SISDA 





NORTH CAROLINA STATE 
UNIVERSITY 


RESEARCH ASSOCIATE 
POSITION 


Applications are invited for a 
research associate in our active 
Hybridoma-FACS facility. We seek 
an individual with a PhD in Immuno- 
logy and postdoctoral training to 
conduct research in one of the 
following areas: electrofusion for 
species — specific hybridomas, T cell 
hybridization, in vitro immun- 
ization. 


Salary range: $20,000 - $23,000. 
Reply by Frebruary 28, 1984, with 
curriculum vitae and names and 
addresses of three references to Dr 
Edward De Buysscher, School of 
Veterinary Medicine, 4700 Hilis- 
borough St; Raleigh, NC 27606. 
North Carolina State University does 
not discriminate on the basis. of race, 
sex, or handicap; and is an Affirm- 
ative Action/Equal Opportunity 
Employer. (NWI35S)A 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF THEORETICAL 
PHYSICS 


RESEARCH ASSOCIATE 


Applications are invited for the post 
3f temporary Research Associate in 
he Department of Theoretical 
Physics, The post is available for one 
iar.. The applicant’s field of 
‘esearch should be in at least one of 
he following areas: quantum 
sravity, early-universe cosmology, 
juantum field theory, general rela- 
ivity.. The successful applicant will 
3€ expected to collaborate with Pro- 
‘essor P C W Davies’ research group. 


The appointment is available from 
Ist October 1985 and salary will be on 
he Range 1A salary scale: £7,520- 
£12,150 pa according to age, qualifi- 
rations. and experience. 


Further particulars may be 
ybtained by writing to Professor P C 
W Davies, Department of Theoreti- 
ral Physics, University of Newcastle 
ipon Tyne, NEI 7RU with whom 
applications, including the names 
ind addresses of three referees 
should be lodged not later than 7th 
February 1985. Please quote refer- 
ance N, (5170A 





WAYNE STATE 
UNIVERSITY 
SCHOOL OF MEDICINE 
POSTDOCTORAL 
POSITIONS 


wailable in Molecular Biology and 
Senetics from July 1, 1985. The areas 
yf research include mammalian 
renome organization, mechanisms of 
rene regulation and amplification, 
he. structure and evolution of 
‘entromeric sequences, and the 
‘egulation of DNA methylation. 
ixperience in recombinant DNA 
echnology is required. 


Send curriculum vitae and names 
of three references to Dr Orlando J 
Miller, Director, Molecular Biology 
ind Genetics, Wayne State Uni- 
versity’ School of Medicine, 540 E 
Canfield, Detroit, MI 48201. An 
Equal Opportunity/Affirmative 
Action Employer. (NW1345)A 





JNIVERSITY OF ABERDEEN 


DEPARTMENT OF BIO-MEDICAL 
PHYSICS AND BIO-ENGINEERING 


SENIOR LECTURESHIP 


Jenior Lecturer physicist required to 
srovide Radiotherapy Physics service 
ind carry out research and teaching 
n that field. Interest in neutron 
herapy would be helpful. Practical 
xperience essential. 


Salary on Senior Lecturer Scale 
214,135 to £17,705 per annum, with 
ippropriate placing. It is anticipated 
hat the Grampian Health Board will 
want Honorary Principal Grade 
Physicist status to the successful 
randidate. 


Further particulars and appli- 
zation forms from The Secretary, 
The University, Aberdeen, with 
whom: applications (2 copies) should 
be lodged by 15th March 1985. 

; sBHMDA 














PROTEIN BIOCHEMISTRY 
DEPARTMENT 


Post Doctoral 


Scientists 
Salary from £9,000 


Celltech, a leader in the field of 
biotechnology has achieved its present 
success in the space of four years. Pioneers 
in several areas, we base our achievements 
on the sure foundations of scientific 
excellence, innovation and commercial 
expertise. 

We are now looking for a Biochemist to 
join a department actively involved in the 
purification of proteins produced using 
recombinant DNA technology Suitable 
candidates will have recently obtained a PhD 
or expect to obtain a PhD this year. 
Extensive experience in protein purification 
is essential, and expertise with bacterial and 
yeast systems would be advantageous. 

Ref 244. 

We also need a recently qualified Post 
Doctoral Biochemist to carry out the 
laboratory scale purification and 
characterisation of potential human 
healthcare proteins from natural and 
recombinant sources. Extensive experience 
in up-to-date methods of protein purification 
and characterisation techniques is essential 
A knowledge of these techniques applied to 
medically important proteins would be an 
advantage. Ref 245 





Please send a detailed cv. to 
Jane Walley, Celltech Ltd., 
244-250 Bath Road, Slough, 
Berks SL1 4DY, quoting 
appropriate post reference number. 





GRADUATE AND 
POST DOCTORAL 
SCIENTISTS. 


























Graduate Scientist 
Salary from £7,500 


If you are a recent graduate with a first 
degree in Biochemistry, we also have a 
research opportunity in the area of assay ~ 
purification and characterisation of natural - 
and recombinant proteins. Experience of and 
an interest in this field is essential. Ref 246. 





MOLECULAR BIOLOGY 
DEPARTMENT 








Post Doctoral 


Scientists 
Salary from £9,000 


Due to increased expansion, the 
Molecular Biology Department requires a: 
further. Post Doctoral Scientist for graduate: 
about to submit a PhD thesis tojoina team 
cloning and sequencing genes of potential ©. 
therapeutic importance. Experience with the. 
isolation of proteins and/or cloning 
techniques would be an advantage. Ref 247 


Celltech is an ambitious and forward- 
looking company, which places as much 
emphasis on its people as its products. You 
will work in a smal friendly team, gaining 
invaluable broad-based experience, and 
with plenty of opportunity for advancement. 


 CELLTECH 


ra aren 


= = = 
FARES N 
(5189) A 











A POSTDOCTORAL fellow is 
invited to work with us on the nature 
and role of free cytosolic calcium 
gradients in development. Send a vita 
and two references to Dr Lionel 
Jaffe, Marine Biological Laboratory, 
Woods Hole, MA 02543 (NWI375)A 


GENETIC ENGINEERING/ 


ENZYME ENGINEERING 
Postdoctoral Position 
Position available immediately for 
two years to study the interaction of 
enzymes with their substrates by site- 
directed replacements of amino acids 
inthe protein molecules. Background 
in genetic engineering, biochemistry 








or molecular computer graphics 
desirable. : 


Salary according to BAT. Send. 
curriculum and references to Dr. 
Hanggi, Biotechnology Section 
Battelle-Institut eV, PO Box 900160; 
D-6000 Frankfurt aM 90. 

{W1539A 








"EVOLUTIONARY/ECOLOGICAL 
| GENETICIST 




















































Square, Pennsylvania 19348. 


ction employer. 

















MEDICAL RESEARCH 
COUNCIL 


National Institute for 
Medical Research 


DIVISION OF 
.. MICROBIOLOGY 
Two. postdoctoral positions are 
available for periods up to three 

‘ars. An organic chemist is 
required to work on the synthesis 
of substrates and inhibitors of 
enzymes involved in bacterial iron 
metabolism. (Ref: M/2/HR). An 
erest in peptide or lactone 
emistry may be an advantage. 
he’ second position is for an 
zymologist to characterise 
enzymes (Ref: 


























The salaries will be in the range 
£8,920 - £10,720 per annum plus 
| £1,233 London allowance, with 
-superannuation provision. 


| Applications, together with 
“curriculum vitae, research 
‘experience and interests and 
the names of two professional 
referees should be sent to the 
Director, National Institute for 
Medical Research, The 
Ridgeway, Mill Hill, London 
NW7 1AA before 14th 
| February, quoting the refer- 
à s.above. (5154)A 















@ Department of Biology at Washington University is seeking an 
individual with research expertise in evolutionary or ecological 
--geneétics. Preference will be given to those working with vertebrates, 
although the research organism is less important than having strong 
credentials for, and commitment to, developing an independent 
research program which will interface with the strong programs in 
developmental biology, molecular biology, or plant biology currently 
existing within the department. An interest in, and aptitude for, 
teaching undergraduate and graduate students is of equal importance. 
The position can be at any faculty rank but preference will be given indi- 
viduals at the Assistant Professor level. 


interested individuals should send curriculum vitae and a letter 
indicating past, current and future research interests; and 
‘arrange to have three letters of reference sent to Alan R. 
Templeton, Chairperson of the Search Committee, Department 
of Biology, Box 1137, Washington University, St. Louis, MO 
63130. An equal opportunity/ affirmative action employer. 


VETERINARY MEDICINE. 


“The University of Pennsylvania is inviting applications and nominations 
‘ar the Chair of the Department of Clinical Studies (New Bolton Center) 
“in the School of Veterinary Medicine. Duties are the fostering of 
¿creative scholarship, teaching and clinical training, and leadership of 
the faculty not only in traditional university pursuits but also in the 
operation of a major teaching hospital. New Bolton Center is the large 
animal facility for the University of Pennsylvania School of Veterinary 
“Medicine. The Center serves as one of the nation’s major veterinary 
médical referral centers for large animals. This Chair offers an 
-unexcelled opportunity for academic leadership in clinical veterinary 
medicine. Nominations may be informal. 

Applications should include a curriculum vitae and the names of 
three referees. Communications should be addressed by May 1, 
985, to Dr. Robert J. Eckroade, School of Veterinary Medicine, 
University of Pennsylvania, 382 West Street Road, Kennett 


The. University of Pennsylvania is an equal opportunity affirmative 





(NW1343)A 





(NW1320)A 


INSTITUTE OF CANCER 
RESEARCH 


Applications are invited for 
the post of 


RESEARCH OFFICER 


The post is based at the Institute’s 
Chemical Carcinogenesis Section, 
Chester Beatty Laboratories, 
London, SW3. The successful candi- 
date will work within the established 
Cell Transformation Team on the 
genetic basis of malignant transfor- 
mation of cells in culture. The work 
willinvolve the use of eukaryotic gene 
tranfer methods to study the role of 
dominantly acting transforming 
genes in the multistep transformation 
process. Applicants should possess a 
degree in a biological science plus a 
minimum of two years laboratory 
experience in cell or molecular 
biology. Salary in scale £6,204- 
£8,126 pa (pay award pending), plus 
London Allowance of £1,042 pa. 


Candidates are advised that in the 
majority of the Institute’s premises 
smoking is prohibited. 


Applications, in duplicate, with 
the names of two referees should be 
sent to the Personnel Officer, 
Institute of Cancer Research, 34 
Sumner Place, London, SW7 3NU, 
quoting ref 301/B/73. GITDA 

























The Queen’s University of 
Belfast 


POSTDOCTORAL 
RESEARCH 
ASSISTANT 
Department of Oncology 


This post, funded by the Ulster 
Cancer Foundation, is tenable 
initially for two years from 1 April 
1985 or as soon as possible there- 
after. The research involves 
screening human tumour 
samples with DNA viral probes. 
Candidates should preferably 
have a PhD and experience in 
recombinant DNA technology. 


Salary in the range: £7521 - £8922, 
initial placing depending on age 
and experience. 

Applications including the 
names and address of two 
referees should be sent to 
the Personnel Officer, The 
Queen's University of Belfast, 
BT7 INN, Northern Ireland. 
Closing date: 22 February 1985. 
(Please quote Ref. 85/1} (5183)! 


























































St. James's University 
Hospital 
Department of Medicine 
The University of Leeds 
Applications are invited for a post 
of 


RESEARCH 
ASSISTANT 


This position is to investigate 
Nurtritional aspects of patients 
with hepatic and renal diseases. 

The appointment is renewable for 
up to three years. Applicants 
should possess a good honours 
degree in a relevant subject. 

An interest in amino acid 
metabolism would be an 
advantage. Registration for a 
higher degree will be encouraged. 


Salary will be in the range £6,559 - 
£8,311. 






Closing date for applications 2nd 
February 1985. 


Applications including the 
names of three referees 
should be addressed to: 
Professor M.S. Losowsky, 
Department of Medicine, St. 
James's University Hospital, 
Leeds LS97TF. (5153)A 












QC/Production Manager 


In expanding immumodiagnostics Company in NE of England. 
Extensive experience in QC of raw materials through to finished 


products, and of production routines and documentation. Knowledge 
of immunoassay. Ability to manage busy laboratory and meet strict 
deadlines. Attractive salary, comprehensive C.V. to Box No. 5185 
a.s.a.p. c/o Nature 4 Little Essex Street London WC2R3LF (5185;A 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF SURGERY 


Applications are invited for the post 
of Research Assistant to work with 
Dr S A Jenkins and Mr J N Baxter 
(Surgery) and Dr W D Day 
(Pathology) on a project to study the 
effects of different types of treatment 
for hepatic metastases derived from 
large bowel cancer. The appointment 
will be for one year in the first 
instance with possible renewal up toa 
maximum of three years. Candidates 
should have a good honours degree in 
a biological subject and will be 
expected to register for a higher 
degree. 


Initial salary within the range 
£6,600 — £7,980 per annum. 


Applications, together with the 
names of three referees, should be 
received not later than 5 February, 
1985, by The Registrar, The 
University, P O Box 147, Liverpool 
L69 3BX, from whom further 


particulars may be obtained. Quote 
(S187)A 


Ref: RV/928/N. 





Please mention 


UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 


Applications are invited for the 
above position to work on the 
molecular biology of the expression 
of mammalian proteases. This post is 
funded by an SERC grant award to 
Dr R J Beynon and Dr P C Turner 
and is tenable for up to three years. 
Applicants should preferably have 
experience in protein chemistry or 
gene manipulation. 


Initial salary £7,520 — £8,450 per 
annum; commencing 1 February, 
1985 but may be delayed for an 
outstanding applicant. 


Applications, together with the 
names of three referees should be 
received not later than 1! February, 
1985 by The Registrar, The 
University, P O Box 147, Liverpool 
L69 3BX, from whom further 
particulars may be obtained. Quote 
Ref: RV/929/N, (S188)A 





nature 


when replying to these advertisements 
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“UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 


PHARMACOLOGY & 
THERAPEUTICS 


BRISTOL MYERS 
LECTURESHIP IN 
CARDIOVASCULAR 
PHARMACOLOGY 
(non clinical) 
Applications are invited for the 
above lectureship, funded by Bristol 
Myers Pharmaceuticals for a period 
of $ years. It is hoped that applicants 
who recently have obtained a higher 

degree in a relevant subject. 


Initial salary within the range 
£7,520 £9,390 per annum on a scale 
rising: to £14,925 per annum. 


Application, together with the 
names of three referees, should be 
received not later than 31 January, 
1985,. by The Registrar, The Uni- 
versity, PO Box 147, Liverpool L69 
3BX, from whom further particulars 
nay be obtained. 


Quoteref: RV/919. (5178)A 


POSTDOCTORAL 
RESEARCH ASSOCIATES 
IN IMMUNOLOGY 


2-3 year positions are available in an 
established laboratory with a major 
interest in human immunology. 
Areas of investigations are lympho- 
cyte differentiation antigens, inter- 
leukines and their receptors, V region 
gene expression and its relationship 
to human disease susceptibility and 
yematopoietic cell development. 
Emphasis is placed on human 
yathophysiology and training in 
tlinical investigation. Individuals 
with a recent MD or PhD degree, 
strong commitment to an academic 
rareer and training in biochemical 
disciplines are desired. 


Inquiries should be addressed to 
Dr Shu Man Fu, Oklahoma Medical 
Research Foundation, 825 NE 13th 
St, Oklahoma City, OK 73104, USA. 
Equal Opportunity/Affirmative 
Action Employer. (NWI1356)A 


UNIVERSITY OF FLORIDA 
DEPARTMENT OF MEDICINE 
seeks 
ASSISTANT RESEARCH 
SCIENTIST 
in the Division of Nephrology 
and Hypertension. 
Candidates must hold PhD degree 
and should have at least three years 
post-doctoral experience in 
physiology or related fields. The 
individual will have responsibility of 
research investigating the roles of 
thromboxane/prostaglandins in 
renal hemodynamics using micro- 

puncture methods. 


Recruiting deadline: March 1, 
1985. Anticipated starting date: April 
1, 1985. Contact C S Wilcox, MD, 
PhD, Box J-224 JHMHC, University 
of Florida, Gainesville, Florida 
32610. 


» An Equal Employment Oppor- 
tunity/Affirmative Action 
nplo (NW1368)A 





SOUTH MANCHESTER 
HEALTH AUTHORITY 
Christie Hosptial & Holt 
Radium Institute 


TECHNICIAN 

To join an active inter-disciplinary 
group investigating the expression of 
embryonic differentation and major 
histocompatability antigens in 
clorectal neoplasia using immuno- 
cytochemical techniques in fixed and 
frozen sections. 


Salary: £5,738 - £6,420 pa. 


Initial appointment for 3 years. 
The successful candidate will be 
expected to liaise between several 
clinical and scientific departments of 
the Withington and Christie Hos- 
pitals. Applicants should ideally 
possess a Degree in Biological 
Sciences and preference will be given 
to those with histological experience 
in a research laboratory. 


State Registration is not required. 
A part-time appointment will be con- 
sidered. 


Application forms from the Hos- 
pital Administrator, Christie Hos- 
pital & Holt Radium Institute, 
Wilmslow Road, Withington, Man- 
chester M20 9BX. Ref 85/1. Closing 
date 31st January 1985.  (SISO)A 


UNIVERSITY OF BATH 


LECTURESHIP IN PHYSICS 


Applications are invited for a lecture- 
ship designated specifically for elec- 
tronics teaching in the School of 
Physics. The successful candidate, 
who would probably be under the age 
of 35, will be expected to have active 
research interests in physical elec- 
tronics or a related area of applied 
physics. 


Salary range £7,520 to £14,925 per 
annum. 


Further particulars and appli- 
cation forms obtainable from the 
Personnel Officer, University of 
Bath, Bath BA2 7AY, quoting refer- 
ence 85/5. 


Closing date: Monday llith 
February 1985. (5176)A 


INSTITUTE OF CHILD 
HEALTH 


University of London 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required in the Immunology Depart- 
ment to investigate the molecular 
mechanisms underlying food allergy. 
A background in general immuno- 
chemistry and experience with radio- 
immunoassay procedures would be 
advantageous. Salary on University 
Research Scale 1A (£7,520 - £12,150 
plus London Allowance) according 
to experience. 


Applications in writing with 
curriculum vitae and the names of 
two referees to the Assistant 
Secretary, Institute of Child Health, 
30 Guilford Street, London, WCIN 
IEH. {5143A 





THE COLLEGE OF 
STATEN ISLAND/CUNY 


BIOLOGY 
FACULTY 
POSITION 


Full-time tenure-track position for biologist 
with proved research ability and commit- 
ment. Ph.D. required; teaching experience, 
grant activity and knowledge of genetics 
desirable. Salary and rank commensurate 
with experience, background and 
professional qualifications. Liberal CUNY 
enge benefits. Position available Sept. 


Send résumé and names of 
references by Feb. 15, 1985 to: 


Dr. Barry Bressler, 
Dean of Faculty 
The College of Staten 
Island/CUNY 
715 Ocean Terrace 
Staten Island, 
New York 10301 


An Equal Opportunity, 
Affirmative Action Employer 























LECTURESHIP IN 
MOLECULAR BIOLOGY 


Applications are invited for the 
above lectureship commencing 
on 1 October 1 Candidates 
should have a PhD and preferabil 
some post-doctoral researc 
experience. Preference will be 
given to candidates with 
partise in gene cloning. Initial 
ary will be within the range 
520 - £9390 per annum-on the 
scale £7520 - £14925 per annum 
plus USS benefits. The School 
maintains an active research 
programme in a wide range of 
iology and the person appointed 
would be actively encouraged to 
pursue their particular research 
interests. However, the Selection 
Committee will also look for 
possibilities for research inter- 
action, either with faculty in the 
School or with scientists in the 
adjacent John Innes Institute and 
Food Research Institute. Contri- 
butions to the teaching of under- 
raduate courses in Molecular 
iology and/or Molecular 
Genetics will also be expected. 


Applications (three copies) 
which should include a full 
curriculum vitae, including 
exact date of birth, together 
with the names and addresses 
of three persons to whom 
reference may be made, 
should be lodged with the 
Establishment Officer, Uni- 
versity of East Anglia, Nor- 
wich, NR47TJ (telephone 0603 
56161 ext 2126) from whom fur- 
ther particulars may be ob- 
tained, not later than 2 March 
1985. No forms of application 
are issued. 


ex 
sa 
£7 





(NW1358)A 










Research. position beginni 
July 1, 1985 or earlier, A rec 
Ph.D. graduate in physical ocean: 
ography or applied mathematic 
(geophysical fluid dynamics). i 
sought to carry out mixed laye! 
and numerical modelling of: the 
Northeast Pacific Ocean. Thi 
modelling work is part of 

recently funded NSERC Strateg 
Grant Project to study the inter 
annual variability of the Northeas: 
Pacific Ocean and its influence on 
sockeye salmon migration.: The © 
initial appointment will be for one. 
year, with the possibility of- 
renewal extending to. Novembe: 
1, 1987. The position will be filled 
at the postdoctoral (ca. $22,000 
or research associate (ca 
$28,000) level according to. th 
candidate's experience. “us 
In accordance with Canadia 
Immigration regulations, priorit 
will be given to Canadian citizen 
and permanent residents: o 
Canada. Closing date forappli-- 
cations is March 31, 1985. Send 
curriculum vitae and names and- 
addresses of three referees to: 










































Dr. L.A. Mysak 
Department of 
Oceanography ? 
6270 University Boulevard 
THE UNIVERSITY 
OF BRITISH COLUMBIA- 
Vancouver, B.C. 
V6T 1W5 
CANADA ; 
(NW1366)A 

















HEAD AND PROFESSOR 
Department of Biological Sciences 
: College of Liberal Arts and Sciences at the University of illinois at 
go invites applications and nominations for head of the 
Department.of Biological Sciences. Candidates must have a doctoral 
degree, a ‘distinguished record of scholarly achievement in the 
biological sciences (including substantial grant support), demonstrable 
administrative ability, and a commitment to undergraduate and 
graduate teaching. The successful candidate, who will assume office 
on September 1, 1985, will be expected to provide leadership in a 
growing department currently with 39 faculty. The department offers 
iverse training leading to BS, MS, DA and PhD degrees. 


pplications, including curriculum vitae and publications list, 

and the names, addresses, and telephone numbers of at least 

four referees, or nominations should be sent to: Dr. Louise E. 

Anderson, Chair, Head Search Committee, Department of 

iological Sciences (m/c 066), The University of Illinois at 

hicago, Box 4348, Chicago, Illinois 60680. (Telephone: 
'/ 996-4547.) 

















The position will be open until filled, but in order to be assured of 


















Employer. 









orcester, MA 01605. 


EDICAL RESEARCH 
COUNCIL 
tional Institute for 
Medical Research 
_ DIVISION OF IMMUNOLOGY 
Applications are invited for a 


POSTDOCTORAL 

Bee POSITION 
n the Division of Immunology to 
rk with Dr B.A. Askonas. The 
ppointment will be for three 
i's, to. start as soon as possible, 
O work on aspects of T-cell 
unction and immunity to 
espiratory viruses in a mouse 
del system. Experience in 
ular immunology and tissue 
iré-or virus work would bean 
dvantage. 
he-salary will be in the range 
8920:.-£10720 per annum plus 
1233 London allowance, with 
uperannuation provision. 
pplications, together with 
rriculum vitae, research 
‘experience and interests and 
names. of two professional 
eferees should be sent to the 
director, National Institute for 
edical Research, The Ridge- 
vay, Mill Hill, London NW7 
A.. before 20th February 

, quoting ref: IMM/12. 









































consideration, applications must be received by 1 March 1985. The 
niversity of Illinois is an Affirmative Action/Equal Opportunity 


POSTDOCTORAL POSITION 
SPATIAL VISION 


‘Available to carry out electrophysiological studies of spatial and 

poral information processing in striate and extrastriate cortices of 
‘the macaque monkey. Predoctoral experience in electrophysiology, 
al psychophysics or computer science is desirable. 


Send brief statement about principal interests, curriculum vitae 
nd names of three references to: Daniel A. Pollen, M.D., 
fepartment of Neurology, University of Massachusetts, 


in Affirmative Action/ Equal Opportunity Employer. 











(NW1371)A 









(NW1350)A 





UNIVERSITY OF SYDNEY 


CHAIR OF PHYSICAL 
CHEMISTRY 
Reference No 50/01 


Applications are invited for the Chair 
of Physical Chemistry which became 
vacant on the retirement of Professor 
W J Moore. The position is available 
from January 1986. The Chair is one 
of four Chairs in the School of 
Chemistry, the others being in 
Inorganic Chemistry (Professor H C 
Freeman), Organic Chemistry (Pro- 
fessor S Sternhell) and Theoretical 
Chemistry (Professor N S Hush). 


Salary will be at the rate of 
$A52,026 pa. 


The University reserves the right 
not to proceed with any appointment 
for financial or other reasons. 






Applications, quoting reference 
no, including curriculum vitae, list of 
publications and the names and 
addresses of three referees, to the 
Registrar, University of Sydney, 
NSW 2006, Australia, by 22 Feb- 
ruary 1985. 


Further information also available 
from Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WC1H OPF. 

(W1546)A 


UNIVERSITY OF ALASKA ~ 
DEPARTMENT OF BIOLOGY 
FISHERIES AND WILDLIFE 


BOTANIST 


Tenure-track faculty position. 
Desired research emphasis in eco- 
logical/evolutionary genetics. Will 
teach courses in introductory botany, 
population genetics and area of 
specialty. Expected to advise gradu- 
ate students and develop active 
research program with some rele- 
vance to northern regions. Appli- 
cants must have earned PhD, post- 
doctoral experience preferred. 

Applicants should forward a letter 
of application, curriculum vitae, 
copies of publications and 3 letters of 
reference by 28 February 1985 to: W 
S Armbruster, Chairman, Botany 
Search Committee, Department of 
Biology, Fisheries and Wildlife, 
University of Alaska - Fairbanks, 
Fairbanks, Alaska 99701. 

The University of Alaska is an 
EO/AA Employer and Educational 
Institution. (NW132DA 


UNIVERSITY OF GLASGOW 
BIOTECHNOLOGY UNIT 
POST-DOCTORAL 

MOLECULAR GENETICIST 


Applications are invited for a three 
year post-doctoral position (available 
May 1, 1985) to isolate and char- 
acterise ribonuclease genes from $ 
cerevisiae. The work will involve 
yeast genetics and recombinant DNA 
technology. Candidates with exper- 
ience in either of these areas are 
encouraged to apply. 


The project.isfunded by.a Cogper:.. 


ative Research Grant from the SERC 
and ICI. Starting salary between 
£7520 - £8450, on Range 1A (RAS 
salary scale). Applications giving full 
cv and two referees should be sub- 
mitted before February 28, 1985 to 
Dr A J P Brown, Institute of 
Genetics, University of Glasgow, 
Church Street, Glasgow G11 5JS (Tel 
041-339 8855, Ext 7105), from whom 
further details may be obtained. 
(SI4DA 





ST MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Norfolk Place, 
London W2 IPG 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required to join the Department of 
Immunology for a period of 3 years 
to investigate the efficacy of a drug 
with immunostimulatory and 
immunosuppressive potential. 
Experience in wide range of 
immunological techniques will be 
highly desirable. Initial salary up 
to £8,920 plus £1233 London 
Allowance, 


Curriculum vitae and names of 
three academic referees should be 
sent to the Assistant Secretary (Per- 
sonnel) at above address by 25 
January 1985. (5149A 


UNIVERSITY OF WARWICK 
POSTDOCTORAL 
RESEARCH FELLOW IN 
MICROBIAL 
BIOCHEMISTRY 


Applications are invited for a SERC- 
funded post {up to 3 years, starting as 
soon as possible) for study of the 
physiology and biochemistry of ex- 
tremely thermophilic iron- and 
sulphur-oxidising bacteria. Salary 
will be on the Research [A Range: 
£7,520 - £12,150 pa starting point 
depending on age and experience. 





Applicants should send a CV (two 
copies) detailing relevant experience 
and the names of two referees to the 
Personnel Office, University of 
Warwick, Coventry CV4 7AL 
quoting Reference No 23/B/85/0 by 
31st January, 1985. 


Informal enquiries can be made to 
Dr P Norris, Department of Environ- 
mental Sciences, 0203 24011, Ext 
2733. (5148)A 


UNIVERSITY OF WALES 
College of Medicine 


TENOVUS INSTITUTE FOR 
CANCER RESEARCH 


RESEARCH TECHNICIANS 


required in the above Institute for 
work on various projects concerned 
with cancer research, some of which 
may have N.H.S. involvement. 


Salary scales and points will be 
dependent upon qualifications and 
experience, ranging from £4,531 to 
£7,159 per annum. 


Applications, in the form of a 
curriculum vitae with names and 
addresses of two referees, should be 
sent to Mrs Margaret Lewis, Tenovus 
Institute for Cancer Research, Heath 
Park, Cardiff, CF4 4XX, as soon as 
possible. (5169A 


MEDICAL RESEARCH 
COUNCIL 


DEVELOPMENTAL 
NEUROBIOLOGY UNIT 


INSTITUTE OF 
NEUROLOGY 


There is a vacancy for a postdoctoral 
scientist with training in neuro- 
chemistry or cell biology to join a 
team studying the effects of 
humoural and genetic factors on the 
development of neural cells. Back- 
ground in neurobiology and tissue 
culture and experience in biochemical 
(protein separation, membrane bio- 
chemistry) and immunological tech- 
niques are desirable. Candidates of 
immediately postdoctoral or equiva- 
lent status will be preferred. The 
appointment will be for three years. 
The salary will be in the range of 
£7,190 - £10,710 plus £1,186 London 
Allowance, with superannuation 
provision. 


Applications, together with cur- 
riculum vitae, research experience 
and interests, and the names of two 
professional referees, should be sent 
to the Director, MRC Developmental 
Neurobiology Unit, 33 John’s Mews, 
‘London, WCIN 2NS, England. 
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MEDICAL RESEARCH 
COUNCIL 
Cell Mutation Unit 
UNIVERSITY OF SUSSEX 
BIOCHEMIST/MOLECULAR 
BIOLOGIST 
Applications are invited for a 
Short-term 3 year Post-Doctoral 
appointment to the Council's 
non-clinical scientific staff. The 
successful applicant will be 
expected to work in the area of in 
vitro mutagenesis systems or 
DNA repair in mammalian cells. 
Experience with recombinant 
DNA and/or other molecular bio- 
logical techniques such as DNA 
sequencing is desirable. 
Applications, including full 
CV and the names of two 
referees, should be sent to The 
Director, Professor B. A. 
Bridges, MRC Cell Mutation 
Unit, University of Sussex, 
Falmer, Brighton BN1 9RR, 
Great Britain. 
Closing date for application: 
February 28th 1985.  (5155)A 

















UNIVERSITY OF OXFORD 


University Laboratory of 
Physiology 
Research Assistant 1B 
£6,600 - £10,330 
Applications are invited for a post 
funded by the Medical Research 
Council until September 1989, 
assisting research on the neural 
control of accommodation and 
vergence eye movement in 
primates. Techniques used 
include single-cell electrophysical 
recording in trained monkeys. An 
on-line computer is used to 
control stimulus presentation and 
for data-collection, display and 

analysis. 


The successful applicant will have 
the opportunity to register for a 
higher degree. 


Applications, including the 
names and addresses of two 
academic referees, should be 
sent to the Administrator, 
University Laboratory of 
Physiology, Oxford, OX1 3PT. 
(5152)A 
































THE AUSTRALIAN 
NATIONAL UNIVERSITY 


RESEARCH SCHOOL OF 
CHEMISTRY 


POSTDOCTORAL 
RESEARCH POSITIONS 


Applications are invited for 
postdoctoral research positions in the 
Research School of Chemistry. 
Current major research interests in 
the School are: Organic Chemistry 
(Professor A L J Beckwith, Professor 
L N Mander, Mr R W Rickards, Dr J 
K MacLeod, Dr L Radom): including 
free radical reactions; mechanistic 
and synthetic organic chemistry; 
reactive intermediates; organic and 
bio-organic chemistry of biologically 
active compounds; ICR and mass 
spectrometry; ESR spectroscopy; 
theoretical organic chemistry. 
Inorganic Chemistry (Professor B G 
Hyde, Professor A M Sargeson, Dr 
M A Bennett, Dr G B Robertson, Dr 
S B Wild): including solid state 
inorganic chemistry; synthesis, 
structure and reaction mechanisms of 
transition metal complexes; bio- 
mimetic chemistry; organotransition 
metal chemistry; X-ray crystallo- 
graphy; resolution and reactions of 
chiral arsines and phosphines. 
Physical and Theoretical Chemistry 
(Professor-elect J W White, Dr J 
Ferguson, Dr R Bramley, Dr L R 
Brown, Dr T R Welberry, Dr D J 
Evans): including chemical physics of 
low dimensional phenomena; 
spectroscopy and photochemistry; 
photophysics and magnetic 
resonance; NMR spectroscopy, 
structure and dynamics of macro- 
molecules; X-ray diffraction and 
theoretical studies of disordered 
materials; liquid state chemical 


physics. 
natuge 


LONDON OFFICE 
Mark Pearson 

4 Little Essex Street 
London WC2R 3LF 
Tel: 01 240 1101 
Telex: 262024 


There are three levels of 
appointment, Postdoctoral Fellow, 
Research Fellow and Senior Research 
Fellow. The level appropriate for 
each appointee will be determined by 
the University and will depend on 
qualifications and experience, 
Appointment as Postdoctoral Fellow 
will be for one or two years; appoint- 
ment as Research Fellow and as 
Senior Research Fellow will be for 
three years in the first instance. 
Salary will be within the ranges: Post- 
doctoral Fellow $A21,411 - $24,528 
pa; Research Fellow $A24,840 
-$32,634 pa; Senior Research Fellow 
$A34,699 - $41,390 pa. Current 
exchange rates are $A! : 69p : $US 
84c. Reasonable travel expenses are 
paid and assistance with housing is 
given for an appointee from outside 
Canberra. Superannuation benefits 
and maternity leave are available. 


Further particulars of the appoint- 
ments may be obtained on request to 
the Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCI OPF, or the Acting Registrar of 
the University, GPO Box 4, Can- 
berra, ACT 2601, Australia. 


There is no application form. 
Applicants should supply to the 
Acting Registrar of the University by 
15 March 1985 acurriculum vitae, list 
of publications, and statement of 
research interests, together with two 
passport-sized photographs, the 
names and addresses of three 
academic referees and the probable 
date on which the Postdoctoral 
Fellowship, Research Fellowship or 
Senior Research Fellowship, if 
awarded, could be taken up. 


The University is an Equal 
Opportunity Employer. (W1543)A 


TORONTO OFFICE 

Peter Drake & 
Associates 

17 Pine Crescent 

Toronto, Ontario M4E 1L} 

Tel: (416) 690-2423 


NEW YORK OFFICE 
Miss Gene Fein 

15 East 26 Street 
New York, NY 10010 
Tel: (212) 689 5900 














The University of Calgary 
Alberta, Canada T2N 1N4 





experiments; 


three references to Dr. Hen 
Department of Physiology, 






RESEARCH IN BIOCHEMISTRY | 
THE UNIVERSITY OF CALGARY 


The University Biochemistry Group which comprises members of the 
Faculties of Medicine and Science offers an interdisciplinary - 
environment for graduate and post-doctoral research in Biochemistry, ° 
Molecular Biology and Biotechnology. Highly qualified students with 

training in Biochemistry, chemistry, biology or related disciplines may 
be admitted to programs leading to the MSc and PhD degrees. 

Research/teaching assistantships ($8,775.00 to $12,000.00/yr) are- 
available from the University. Studentships ($12,000.00/yr plus” 
$2,500.00 research allowance) and post-doctoral fellowships: 
($22,000.00/yr plus $5,000.00 research allowance) are available from 
the Alberta Heritage Foundation for Medical Research and may: be | 
applied for via the University of Calgary. Interested individuals should 
send a curriculum vitae which includes courses taken and grades 
obtained and a statement of research interests to: Be 


Dr. F. F. Snyder, Chairman 
Graduate Studies Committee 
University Biochemistry Group 


2500 University Drive N.W., Calgary, 


RESEARCH POSITIONS 


Three Post Doctoral and/or Research Associate 
Positions available for studies on 


a) Novel tissue growth factors. Candidates preferred with experience: E 
in tissue culture, protein isolation and characterization HPLC, 

monoclonal antibodies and hybridoma technology; ae 
b) Regulation of cell surface receptors. Candidates with a Ph.D. in 
biochemistry or molecular biology preferred. Techniques to be used 
are isolation and characterization of membrane receptor proteins using 
monoclonal antibodies and cDNA cloning sequencing a 


c) Developmental and hormonal regulation of gene expression. 
Candidates with experience in recombinant DNA, cloning sequencing, 
expression vectors and cell transfection studies preferrred. .- EE 
Submit statement of interest, curriculum vitae and names of 
G. Friesen, Professor and Head. 
he University 

Bannatyne Avenue, Winnipeg, Manitoba, R3E 0W3 Canada. 
(NW1293)A 






















(NW1344)A 






















gene transfer 
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of Manitoba, 










LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 


DEPARTMENT OF CLINICAL 
TROPICAL MEDICINE 


SENIOR 
LECTURER/LECTURER 


The Mercers Company have 
endowed a post, of seniority up to 
senior lecturer, to be involved with 
research in communicable and 
tropical diseases. Medically qualified 
and, in exceptional circumstances, 
other research workers in these areas 
are invited to apply for this newly 
created position, tenable for 5 years. 
Applicants should expect to develop 
a research programme, relevant 
aspects of which may be conducted 
overseas, and teach in courses on 
tropical medicine at the School. In 
suitable cases application will be 
made to the Bloomsbury Health 
Authority for an honorary contract 
to take part in clinical activities at the 
Hospital for Tropical Diseases. 
Salary will be on the universities’ 
senior lecturer or lecturer scales with 
membership of USS. 


Applications with full curriculum 
vitae and the names of three 
professional referees should be sent 
to the Personnel Officer, London 
School of Hygiene and Tropical 
Medicine, Keppel Street, London 
WCIE 7HT. Closing date 15 
February 1985. (S184)A 





bsa 









POST-DOCTORAL 
BIOCHEMIST | 
OR CELL 
BIOLOGIST 


Applications are invited for a 
post-doctoral research. 
position {Grade 1A; salary- 
£7520-£12150) funded by the 
Cancer Research Campaign’ 
for 3 years. 


The research involves ‘the 
organization of DNA in three- 
dimensional space in. the 
nucleus and the development - 
of sensitive techniques .to 
detect breaks in DNA: 
Experience in nucleic acid 
biochemistry, recombinant | 
DNA techniques or tissue} 
culture is desirable but not. 
essential. Preferably the. 
starting date will be as soon as 
possible but exceptionally. it 
could be later in the year. : 


Applications, with 
curriculum vitae and the. 
names and addresses of 
two referees, should be 
sent to the Administrator, 
Sir William Dunn School of. 
Pathology. South Parks 
Road, Oxford OX13RE. 
(5180)A 
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STUDENTSHIPS 








BRITISH MUSEUM 
(NATURAL HISTORY) 


POSTGRADUATE 
RESEARCH 
STUDENTSHIPS 
1985 


Two studentships will be avail- 
able, tenable for 3 years, at the 
British Museum (Natural History) 
and commencing October 1985. 


Arrangements will be made with 

an appropriate university for 
“higher degree registration and 
“Joint supervision of the following 

research projects for which appli- 
“Cations are invited. 


DEPARTMENT OF 
ENTOMOLOGY 


The evolutionary classification 
sand biology of the subfamily 
“Pimplinae (Hymenoptera, 
Ichneumonidae) 

DEPARTMENT OF ZOOLOGY 


Anatomy and taxonomy of the 
Turridae (Gastropoda, Proso- 
branchia) in the NE Atlantic. 


_ Awide range of scientific facilities 
sare available and the student will 
“have full access to the Museum's 
extensive libraries. 


ELIGIBILITY 


Applicants must be ordinarily 
resident in Great Britain, and have 
| a first or upper-second class hon- 
“ours degree; a student graduating 
>in 1985 can be offered an award 
subject to his/her degree result 
reaching this level. 


Students interested in applying 
| should write to The Secretary 
(Postgraduate Studentships), 
“British Museum (Natural 
History), Cromwell Road, 
London SW7 5BD, for appli- 
| cation forms, conditions of the 
“award, and for further 
information on the projects. 

Closing date for receipt of 


completed application forms 
es March 1, 1985. (5145)F 


















































THE AUSTRALIAN 
NATIONAL UNIVERSITY 
Applications are invited from 
suitably qualified men and women 
for appointment to the following 

position: 
Research School of Earth 
Sciences. 


RESEARCH FELLOWSHIP 
IN SEISMOLOGY 


Applications are invited for a 
Research Fellowship in Seismology 
to complement and strengthen the 
School’s current activities which 
exploit Australia’s unique position in 
relation to regional and world 
seismicity and the antiquity of the 
continental material. 

Areas of particular interest are: (i) 
the development of reflection seismic 
techniques and modelling for 
application to deep crustal structure; 
(ii) source studies and related 
seismotectonic work on the active 
plate margins of the Indo-Australian 
plate; (iii) the structure of the upper 
mantel. However applications will be 
considered from candidates with 
interests which lie outside these areas. 


Closing date: 15 February 1985. 


Conditions of Appointment: 
Salary in accordance with 
qualifications and experience will be 
within the range: $A24,840 — 
$32,634 pa. 

Appointment unless otherwise 
stated, will be for up to three years 
initially with the possibility of 
extension, after review, to maximum 
of five years. Grants are provided 
towards travel and removal. 
Assistance towards housing is given 
to an appointee from outside 
Canberra. Eligible appointees will be 
required to join the Superannuation 
Scheme for Australian Universities. 
Maternity leave is available. The 
University reserves the right not to 
make an appointment or to make an 
appointment by invitation at any 
time. 

Prospective applicants are 
encouraged to write to the Acting 
Registrar, GPO Box 4, Canberra, 
ACT 2601, Australia, or the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, for further particulars 
before submitting applications. 

The University is an equal 
opportunityemployer. (WIS54S5)E 





SOUTH MANCHESTER 
HEALTH AUTHORITY 


Christie Hospital and 
Holt Radium Institute 


Paterson Laboratories 
STUDENTSHIPS FOR 
TRAINING IN RESEARCH 


Two Cancer Research Campaign 
-financed studentships will be 
awarded in these multidisciplinary 
laboratories for full-time studies 
leading to higher degrees in research 
fields relevant to cancer. Successful 
applicants will work in one of the 
following divisions: biophysical 
chemistry, radiobiology, experi- 
mental chemotherapy, carcino- 
genesis, cell biology, experimental 
haematology, cell and tissue kinetics, 















ultrastructure, immunology and 
molecular biology. 


Awards will be tenable for three 
years from Ist October 1985 with a 
tax free grant of £2880 (under 
review). Applications are invited 
from candidates who have, or expect 
to obtain, a first or upper second class 
honours degree. 


Applications, which should 
include a detailed curriculum vitae 
and the names of three academic 
referees, should be sent to The 
Director, The Paterson Labor- 
atories, Christie Hospital and Holt 
Radium Institute, Wilmslow Road, 
Withington, Manchester M20 9BX 
(Tel 061-445 8123 ext 400) as soon as 
possible, or in any case no later than 
ist March 1985. (S173)F 
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FELLOWSHIPS 
UNIVERSITY OF DUNDEE THE UNIVERSITY OF 
DEPARTMENT OF PHYSIOLOGY MELBOURNE 
Applications are invited from DEPARTMENT OF PHYSICAL 
suitably qualified candidates for two CHEMISTRY 


POST-DOCTORAL 
RESEARCH FELLOWSHIPS 


The projects, which will be super- 
vised by Professor M J Rennie are 
funded by the MRC and the British 
Diabetic Association, and are con- 
cerned with control of transport into 
skeletal muscle and other tissues of 
amino acids and sugars in a variety of 
circumstances of health and disease. 
Tenure of the MRC Fellowship will 
be for 2% years; of the BDA Fellow- 
ship for 3 years. The appointments 
will be made within the range £7,520- 
£9,860 on the scale £7,520 - £12,150. 


Applications (two copies) quoting 
reference EST/76/84J and contain- 
ing full career details and the names 
of three referees, should be lodged as 
soon as possible with the Personnel 
Officer, The University, Dundee 
DDI 4HN, from whom background 
information is available. (5174)E 


THE UNIVERSITY OF 
MELBOURNE 
DEPARTMENT OF PHYSICAL 
CHEMISTRY 
(COLLOID & SURFACE SCIENCE) 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 
(Research Fellow Grade 1 or 2 
{Extendible Tenure]) 
Applicants are invited for two post- 
doctoral research fellowships in 
colloid and surface science. The 
successful applicants will work in a 
multidisciplinary team formed 
between the Department of Physical 
Chemistry (Professor T W Healy), 
Applied Mathematics (Professor L R 
White) and Chemical Engineering 
(Professor D V Boger). While appli- 
cants with experience in general 
colloid and surface science will be 
considered, it is intended to make one 
appointment to support a major 
Australian Research Grants Scheme 
(ARGS) project on fundamental 

aqueous surface spectroscopy. 


The positions are for three years in 
the first instance with possible ex- 
tensions of the ARGS position 
beyond three years. Applicants must 
have a PhD or equivalent quali- 
fications. 


It is expected that an appointment 
will be made in the Research Fellow 
Grade 1 salary scale, A$21,411 to 
$24,528 per annum, however a more 
experienced candidate may possibly 
be offered Research Fellow Grade 2 
scale of A$24,840 to $32,634 per 
annum. 


For further information contact 
Professor T W Healy, Department of 
Physical Chemistry, The University 
of Melbourne, Parkville 3052, 
Victoria, Australia. 


Applications, in duplicate, 
including names and addresses of at 
least three referees and quoting 
Position Number 612 A345, should 
be addressed to the Staff Officer, The 
University of Melbourne, Parkville 
3052, Victoria, Australia, and close 
on ist March 1985. (WIS4DE 


(COLLOID & SURFACE SCIENCE) 
NATIONAL RESEARCH 
FELLOWSHIP 
(Supported by Kodak 
(Australasia) Pty Ltd 


Applications are invited for the 
postion of a National Research 
Fellow to undertake investigations 
into the fundamental parameters 
associated with the adsorption of 
dyes to metal and metal halide 
substrates. The appointee will work 
largely at the Department of Physical 
Chemistry, The University of 
Melbourne, but there will be close 
collaboration with scientists in the 
Research Laboratory at Kodak 
(Australasia) Pty Ltd. 


The research group centred at The 
University of Melbourne is a highly 
creative multidisciplinary team with 
principal research efforts in the areas 
of surfactant behaviour, monolayer 
films, thin films, photocatalysis, and 
the adsorption of organic and 
inorganic molecules from solution. A 
particular emphasis of the group is 
the use of novel spectroscopic 
techniques to investigate complex 
surface phenomena. The work is 
strongly supported at both the 
theoretical and experimental levels. 


Applicants should hold a PhD (or 
equivalent) in an appropriate 
discipline together with experience in 
a variety of spectroscopic techniques. 
The ability to apply these techniques 
to new and unconventional systems is 
essential. Preference will be given to 
Australian citizens, but this should 
not deter applicants of other nation- 
alities with appropriate experience 
and established research capabilities 
of a high calibre. 


It is expected that an appointment 
will be made in the Research Fellow 
Grade 1 salary scale, A$21,411 to 
$24,528 per annum, however a more 
experienced candidate may possibly 
be offered Research Fellow Grade 2 
scale of A$24,840 to $32,634 per 
annum. Annual increments will not 
apply to this appointment. 


Appointment will be for three 
years with the possibility for 
extension. For further information 
please contact Professor T W Healy, 
Department of Physical Chemistry, 
The University of Melbourne, 
Parkville 3052, Victoria, Australia. 


Applications, in duplicate, 
including names and addresses of at 
least three referees and quoting 
Position Number 612 A343, should 
be addressed to the Staff Officer, The 
University of Melbourne, Parkville 
3052, Victoria, Australia, and close 
on Ist March 1985. (W1542)E 












Please mention 


nature 


when replying to 
these advertisements 






NATURE VOL. 313 17 JANUARY 1985 














EMBO 


European Molecular Biology Organization 


LONG TERM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 
SPRING 1985 AWARDS 
Next deadline: 20 February, 1985 


EMBO long term post-doctoral fellowships are awarded to 
promote the development of molecular biology and allied 
research in Europe and Israel. To be eligible a candidate must 
hold a doctorate degree and the exchange must involve a 
laboratory in Western Europe or Israel. EMBO fellowships are 
not, however, awarded for exchanges between laboratories 
within any one country. Long term fellowships are awarded 
initially for one year, but depending on a review of progress, 
they may be renewed for a second year. In cases of exceptional 
scientific merit renewal for a third year is possible. The fellow- 
ship comprises a return travel allowance for the fellow and any 
dependents and a stipend and dependents’ allowance. 


Since the selection procedure may include an interview, 
candidates are requested to respect the deadline for complete 
applications which is 20 February 1985. Successful candidates 
will be notified of their awards immediately after the meeting of 
the selection committee, which is on 29 April, 1985. 


Application forms and further details may be obtained 
from Dr. J. Tooze, Executive Secretary, European 
Molecular Biology Organization, Postfach 1022.40, 69 
Heidelberg 1, F.R. Germany. 















(W1459)E 





UNIVERSITY OF WARWICK 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


POSTDOCTORAL 
FELLOWSHIP 


Applications are invited from Micro- 
biologists with an interest in the use 
of microorganisms as agents for the 
conversion of C, to C; n-alkanes to 
higher value added products. The 
work will involve the cultivation of 
n-alkane-utilizing bacteria in 
continuous culture systems and 
investigation of environmental con- 
ditions on wild-type and mutant 
organisms for the production of 
certain metabolites. It is important 
that potential candidates have a 
reasonable knowledge of control of 
metabolism in microorganisms and 





possibly experience of continous 
culture systems. This project is 
funded by a US Chemical Company 
and will necessitate the candidate in 
travel to the company at least once a 
year for discussions during the three 
year period of the grant. A computer- 
controlled fermentation system will 
be on the Research IA scale: £7,520to 
£12,150 pa. 


Further information can be 
obtained by telephoning Professor H 
Dalton on Coventry (0203) 24011 exts 
6025/6081. Applicants should send a 
CV (including a full list of publi- 
cations) with the names and address 
of two referees to the Executive 
Officer, Department of Biological 
Sciences, University of Warwick, 
Coventry, CV4 7AL, quoting refer- 
ence HD/BS602/0. Closing date 31st 
January 1985. (Si8DE 





UNIVERSITY OF WARWICK 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


POSTDOCTORAL 
FELLOWSHIP 


Applications are invited from 
molecular virologists for a Post- 
doctoral Fellowship in the Virology 
Research Group working on the 
application of recombinant DNA 
techniques to the study of 
Mammalian reoviruses. The position 
is available immediately or by 
negotiation and is funded by the 
Medical Research Council. Salary 


will be on the Research IA scale: 
£7,250 to £12,150 pa. Further 
information can be obtained by tele- 
phoning Drs M A McCrae or A J 
Easton on Coventry (0203) 24011 exts 
6024/6079. 


Applicants should send a CV 
(including a full list of publications 
with the names and address of two 
referees to the Executive Officer, 
Department of Bilogical Sciences, 
University of Warwick, Coventry, 
CV4 7AL, quoting reference 


AJE/MAM/BS586. 
Closing date 3ist January 
985. (S147)E 


































FONDATION FYSSEN | 
194, rue de Rivoli, 75001 PARIS 


The Fyssen Foundation’s general aim is “to encourage all forms 
of scientific enquiry into cognitive mechanisms, including thought 
and reasoning, underlying animal and human behaviour, into their 
biological and cultural bases, and into their phylogenetic and 
ontogenetic development.” 


7985 - 1986 FELLOWSHIPS 


The Foundation will award a certain number of FELLOWSHIPS. 
These fellowships are meant for the training and support of research 
scientists working in disciplines relevant to the aims of the 
Foundation such as ethology, paleontology, archaeology, 
anthropology, psychology, epistemology logic and the. 
neurosciences. 
The Foundation wishes to support, more particularly, research in’ 
such fields as: ee 
ETHOLOGY AND PSYCHOLOGY: Nature and development of: 
the cognitive processes in man and animals, if 
NEUROBIOLOGY: Neurobiological bases of cognitive processes’ 
and of their embryonic and post-natal development, as wellas the 
elementary mechanisms they involve. 
ANTHROPOLOGY-ETHNOLOGY: Study of cognitive 
foundations: 
a) of the representations of the natural and cultural development, 
b) of the technical systems developed in the various forms of social 
organization. ee 
HUMAN PALEONTOLOGY: Origin and evolution of the human: 
brain and human artefacts. 
They will be granted to French scientists wishing to work: abroad 
and to foreign scientists wishing to work in Frnech laboratories. 
Study grants will normally be granted for one year but may be 
extended up to three. 


Applications should be established according to a form to be 

obtained from the Foundation which will include: 

— the curriculum vitae, 

— the /ist of publications of the applicant, : 

— the names of two senior scientists whom the applicant has asked - 
to send testimonials to the Secretariat of the Foundation by the 
date indicated below, 

— the letter of acceptance of the inviting laboratory. 

The completed files should be sent in 715 COPIES to the 

Secretariat of the Foundation, 194, rue de Rivoli, 75001 

PARIS. rs 

Limited date of receipt of application: APRIL 1st, 1985, 

without fail delivery date at the Foundation. 


1985 INTERNATIONAL PRIZE 


A substantial INTERNATIONAL SCIENTIFIC PRIZE shall be given 

for a major contribution to the progress of knowledge in the fields of 

research supported by the Foundation. It was awarded in 1980 to 

Professor Andre LEROI-GOURHAN, in 1981 to Professor William H. 

THORPE, in 1982 to Professor Vernon B. MOUNTCASTLE in 1983+ 

to Professor Harold C. CONKLIN and in 1984 to Professor Roger W. 

BROWN. 

Disciplines considered for the 1985 Prize: Neurosciences. 

The nominations should include: 

— a curriculum vitae of the nominee, 

— alist of his publications, 

— a summary (four pages maximum) of the research work upon 
which the nomination is based. 

Self-nomination is not acceptable. 

Nominations for the 1985 Prize of the Fyssen Foundation — 

should be sent in 75 COPIES to the Secretariat of the Sf 

Foundation, 194, rue de Rivoli, 75001 PARIS. 

Limit date of receipt of nominations: 7st SEPTEMBER 1985. 
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CONFERENCES and COURSES 











Snes 








(University of London) 


at the 
Hammersmith Hospital 


IMMUNOLOGY UPDATE 


FOR CLINICIANS 
20 — 24 May 1985 


This course is intended to bring clinicians up-to-date with current 
concepts in Immunology. It will consist of 10 units (2 per day): 
me Introduction to the immune system 
Regulation of the immune system 
The major histocompatibility complex 
Receptors on lymphocytes 
Viruses and the immune response 
Tumour immunity 
Complement 
Autoimmunity 
Applications of immunological techniques 
in medicine 
' Transplantations 
Contributors Professor J R Batchelor 
“include: Dr L Borysiewicz 
i Dr A Cook 
Dr D Frances 
Professor J H Humphrey 
Professor P Lachman 
Dr M Owen 
Professor D K Peters 


Course fee: £160 including catering 

Course Dr Claire Sharrock, 

organisers: Dr Mary Ritter and 
Professor J R Batchelor 


School Office (SSC) 
Royal Postgraduate Medical School 


Du Cane Road 
London W12 0HS Tel. 01-743 2030 ext 351 
(5146)C 


Professor R Porter 
Dr A Rees 

Dr M A Ritter 
Professor | Roitt 
Dr C Sharrock 

Dr E Simpson 

Dr P Sissons 


Details from: 


FEBS ADVANCED COURSE ON: 


THE ANALYSIS 
OF MEMBRANE 
TRAFFIC IN VITRO 


September 23 — October 2, 1985 
EUROPEAN Molecular Biology Laboratory 
Heidelberg, West Germany 
The course is a combined lecture (Sept 23-25) and practical 
(Sept 26-Oct 2) course aimed at graduate students and scientists active 
in a field of cell biology. The specific topics to be dealt with in the 
practical comprise : cell-free assay of protein transfer between 
organelles; use of epithelial cells to study cell polarity; coupled 
transcription-translation systems for studying membrane assembly; 
expression of proteins from cloned genes in eukaryotic cells; 
immunocytochemistry of frozen sections; immunoisolation of 
subcellular compartments; and membrane traffic studied by 

microinjectioin of specific antibodies. 
~The teaching staff will include: A. Colman (GB), S. Emr (USA), J. Finne 
(CH), M.J. Gething (USA), E. Hurt (CH), W. Huttner (D), J. Kilmartin 
~(GB),-S. Kornfeld (USA), R, Lasek (USA), I. Mellman {USA}, T. 
Mitchison (GB), K. Mostov (USA), P. Novick (USA), H. Riesman{CH), 
- E Rodrigues-Boulan (USA), J. Sambrook (USA), H.J. Schindler (CH) 
and R. Timp! (D), and the following members of the Cell Biology 
Program at EMBL : B. Burke, J. Davoust, B. Dobberstein, H. Garoff, G. 
» Griffiths, K. Howell, T. Kreis, C. Kondor-Koch, G. van Meer, D. Meyer, 








SEMINARS and SYMPOSIA 





CALL FOR PAPERS 


2 to 6 August 1985, a special sym- 
posium to consider the question 
“Is The Earth A Living Organism?” 
will be held at the University of 
Massachusetts in Amherst. Dr. 


GENETIC ENGINEERING 
OF ANIMALS: 


An Agricultural Perspective 


9 to 12 September, 1985 
University of California, Davis 
Davis, California 
Speakers: 20 
Recognized Authorities 


The program is designed to: 
Appeal to a broad audience in animal research, insure 
awareness of how genetic engineering research may aid future 
research efforts and animal agriculture. Concepts, applications 
and future applications will be featured. Live demonstrations 
will highlight the program. 
For further information and a 
detailed registration brochure contact: 
Carroll Miller 
The College of Agricultural and 
Environmental Sciences (N) 
University of California, Davis 
Davis, California 95616 
or, phone (916) 752-6435 


Registration Deadline is July 30, 1985. (NW1342)C 





IMPERIAL CANCER RESEARCH FUND 
DNA TUMOUR VIRUS MEETING 1985 


The Imperial Cancer Research Fund is sponsoring a meeting on DNA 
tumour viruses to be held in Churchill College, Cambridge, England 
from 29th July to 3rd August 1985 (5 days). The subject of the meeting 
will be the molecular biology of small DNA tumour viruses, particularly 
polyoma virus, SV40 and adenoviruses. It will replace for this year the 
annual Cold Spring Harbour DNA tumour virus meeting. 


The meeting is open to all interested research workers. The scientific 
programme will include oral presentations and posters. The cost for 
registration, accommodation, food and the abstract book will be £245. 
Anyone interested in attending the meeting should apply immediately 
for further details to: 

Miss Patricia Latter, ICRF DNA Tumour Virus Meeting 
Secretary, imperial Cancer Research Fund, Lincoln's Inn Fields, 
London WC2A 3PX, England, (5186)G 














Please mention 


nature 





A symposium: “Is The Earth 
A Living Organism?” 












Jim Lovelock will keynote. 
Proposals for research papers 
from all disciplines are invited. For 
details, contact: Dr. Jim Swan, 
National Audubon Society 
Expedition institute, Box 637, 
Mill Valley, California 94941. 
Telephone: 415-383-5064. 

(NW1369)M 





P. Quinn, K. Simons, K. Stanley, G. Warren and C. Zwieb. 

<Amaximum of 28 students will be accepted. Students wili receive 
intensive training in one of the areas listed above. Participants may 
request travel support from the FEBS Youth Travel Fund. 
Application forms can be obtained from : David Meyer, EMBL, 
Postfach 10.2209, D-6900 HEIDELBERG, F.R.G. 


Closing date for completed applications : May 1, 1985. 
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Meetings Schedule 

Hepatitis B Viruses May 2-5 

Organizers: H. Varmus, University of California, SF, 
J. Summers, Fox Chase 


Chromosome Structure & Expression May 8-12 
Organizers: M. Grunstein, University of California, 
LA, G. Felsenfeld, National Institutes of Health 


C. elegans May 15-19 

Organizers: R. Horvitz, Massachusetts institute of 
Technology, R. Waterston, Washington University, 
S. Emmons, Albert Einstein, D. Albertson, Mediuca/ 
Research Council 


RNA Tumor Viruses 10th CSH Meeting May 21-26 
Organizers: J. Brugge, State University of New 
York, Stony Brook, D. Lowy, National institutes of 
Health 


Molecular Biology of Development 

50th CSH Symposium on Quantitative Biology May 
29-June 5 

Organizer: J. Sambrook, CSH Lab 


Molecular Biology of Yeast, 6th CSH Meeting 
August 13-18 

Organizers: J. Hicks, A. Klar, D. Beach, 

CSH Lab 


Thirty-ninth Annual Molecular Genetics of Bacteria 
and Phages Meeting, August 20-25 

Organizers: S. Adhya, National Institutes of Health, 
P. Scoinik, CSH Lab 


Heat Shock Protein August 28-September 1 
Organizers: E. Craig, University of Wisconsin, N. 
Petersen, University of Wyoming 


DNA Tumor Viruses: Gene Expression and 
Replication 

Organizers: T. Grodzicker, CSH Lab, P. Sharp 
Massachusetts Institute of Technology, M. 
Botchan, University of California, Berkeley 


Modern Approaches to Vaccines September 11-15 
Organizers: R. Lerner, Scripps Clinic Research 
Institute, R. Chanock, National Institutes of Health, 
F. Brown, Wellcome Biotechnology 


Centers of Cytoskeletal Organization September 
18-21 

Organizers: G. Albrecht-Buehler, R. Goldman 
Northwestern University 





Courses in Molecular Gentics 
Molecular Biology of Plants, June 7-27 


For information and applications 
write to: 
Meetings Coordinator or Course Registrar 








1985 Cold Spring Harbor Laboratory 








Instructors: |. Sussex, Yale University, 

J. Messing, University of Minnesota 

Advanced Techniques in Molecular Cloning, June 7- 27 
instructors: M. Zoller, Cold Spring Harbor Lab, T. 
Atkinson, University of British Columbia, Jurgen 
Brosius, Columbia University, Ray MacDonald, 
University of Texas, Dallas 








Advanced Bacterial Genetics, June 30-July 20 
instructors: T. Silhavy, Princeton University, 
M. Berman, Litton Institute of Applied ce 
Biotechnology, L. Enquist, E./. DuPont de Nemours & Co 















Molecular Embryology of the Mouse, June 

30-July 20 

Instructors: J. Rossant, Brock University, 
R. Pedersen, University of California, San Francisco 








Yeast Genetics, July 22-August 11 

Instructors: F. Sherman, University of Rochester, 
G. Fink, Massachusetts Institute of Technology, 
J. Hicks, Coid Spring Harbor Laboratory 







Molecular Cloning of Eukaryotic Genes, July 
22~August 11 

instructors: F. Alt, Columbia University, A 
Bothwell, Yale University, H. Lehrach, EMBL, 
Heidelberg 








Courses in Neurobiology 

Molecular Neurobiology of Human Disease, June 7-17. 
instructors: X. Breakefield, E.K. Shriver Center, 

|. Black, Cornell University, J. Gusella, 

Massachusetts General Hospital 








Immunoglobulins: Molecular Probes of the Nervous 
System, June 7-27 

Instructors: S. Hockfield, Cold Spring Harbor Lab, 
C. Kintner, Medical Research Council, L. Silberstein 
& E. Weber, Stanford University 








Computational Neuroscience, June 20-July 3 
Instructors: C. Atkeson, E. Bizzi, E.C. Hildreth, 
Massachusetts Institute of Technology, J. Anthony 
Movshon, New York University 







Neurobiology of Drosophila, June 30-July 20 
Instructors: L. Jan, Y. Jan & P. O'Farrell, University 
of California, San Francisco, R. Greenspan, 
Princeton University 








Cellular & Molecular Biology of Behavior, July 12-26 
Instructors: E. Kandel, Columbia University, 

K. Pearson, University of Alberta, J. Byrne, 
University of Texas 








Single Channel Methods: Expression, 

Reconstitution and Recording, July 22-August 11 
Instructors: V. Dionne, University of California, San 
Diego, M. White, California Institute of Technology, 

R. Coronado, University of North Carolina at Chapel Hill 






Molecular Biology of the Nervous System, July 
29-August 11 

instructors: R. Kelly, University of California, San 
Francisco, R. McKay, Massachusetts Institute of 
Technology 





(NW1361)C 
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GRANTS and SCHOLARSHIPS 





CONGRESS 





THE NATIONAL KIDNEY 
RESEARCH FUND 


invites applications for renal research grants for consideration at the 


SECOND ANNOUNCEMENT 


Meeting on 22nd April 1985. 


Application forms for these and travel grants available from 
N_K.R.F. 184B Station Road, Harrow HA1 2RH (Tei: 01-863 4460). 





FIRST INTERNATIONAL 
CONGRESS OF l 
PLANT MOLECULAR BIOLOGY 


OCTOBER 27 - NOVEMBER 2, 1985 
SAVA H, GEORGIA, USA 


Organized by 
The International Society for 
Plant Molecular Biology 


J Key {Athens} Chairman 
M-D Chikon (Raleigh) 

GH Collins (Lexington) 
NH Chua (New York} 

K Rahlbrock (Cologne) 


The Congress intends to provide a forum for current research in plant molecular biology in ns 
broadest sense encompassing all of its subdiseipline. L wili feature invited plenary speakers, 
sessions devoted to the varions subdisciplines and poster sessions. Anyone conducting 
reavarch in the scientific areas covered by the Congress is eligible to present a talk andor 
poster, Please write: Congress Secretary, Ist ICPMB The Georgia Center‘Athens, GA 306024054 
or call Gail Burabam 404-542-2123. 


TJ. Higgins (Canberra) 
Ej. Jaworski (St Louis) 
T. Kosuge (Davis) 

A. Kondorosi (Szeged) 
Ci Leaver (Edinburgh) 


O. Nelson {Madison} 

J. Peacock (Canberra) 

i Takebe (Napova} 

G. Toenniessen (New York} 
D.P. Verma (Montreal) 


KakKKKKEK EK KKK EK kk 
THE UNIVERSITY OF GEORGIA Dr fred C. Davison 


[T BICENTENNIAL msie 
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THIRTEENTH INTERNATIONAL 

. CONGRESS 

: OF BIOCHEMISTRY 

_ AMSTERDAM, 25-30 AUGUST 1985 


TRAVEL GRANTS 


Limited funds, contributed by the Royal Society, the Biochemical 
Society and the Wellcome Trust, are available to assist travelling 
and/or subsistence expenses of scientists hoping to attend the 13th 
International Congress of Biochemistry. Applicants must be either of 
British nationality normally resident in the United Kingdom, or 
members of the Biochemical Society. 
Application forms are available from: 

The Meetings Officer, 

The Biochemical Society, 

7 Warwick Court, 

London WC1IR 5DP. 

Telephone: 01-242 1076, Ext. 37 
Completed forms must be returned by 9 February 1985 to: 

Miss B.M. de Vere 

The Royal Society, 

6 Carlton House Terrace, 

London, SW1Y 5AE 

Telephone: 01-839 5561, Ext. 222 
Applications will be considered by a joint subcommittee of the 





Completed forms required by 4th March 1985. 





THE ROYAL SOCIETY 
THE RUTHERFORD 


SCHOLARSHIP 
This award, for graduates of 
exceptional promise and ability who 
are under 26 years of age on | May 
1985, is for research in any branch of 
the natural sciences, with a 
preference for experimental physics 
if there are candidates of similar 
merit. It will be tenable for three 
years, from 1 October 1985 or such 
other date as may be arranged, in 
some part of the British Common- 
wealth other than that in which the 
applicant graduated. The value, 
adjusted to meet the circumstances, 
will be £4090 per annum on appoint- 
ment if held in the United Kingdom, 
with allowances for travel, university 
fees, etc. It will not normally be 
awarded to a graduate who has 
already held a senior research award. 

Applications should be made as 
follows. 

From university graduates in the 
United Kingdom: before 15 February 
1985 on forms obtainable from the 
Executive Secretary (UMAM), The 
Royal Society, 6 Carlton House 
Terrace, London, SW1Y 5AG. 

From university graduates outside 
the United Kingdom: through their 
universities to the Royal Commission 
for the Exhibition of 1851 on forms 
of application for the Commission- 
ers’ Science Research Scholarship to 
be obtained from the registrars or 
administrative authorities of their 
universities, (5162)H 


(5086) 4 





APPOINTMENTS 
WANTED 





SUCCESSFUL, PRODUCTIVE 
tenured Biochemist/Physiologist, 37 
years, Oxbridge first, PhD 1973, 
background in intermediary 
metabolism-hormonal control, 
tracers, whole-body studies in anima) 
— man, calorimetry, nutrition; 
experienced in clinical — laboratory 
research, teaching, supervision, 
writing; speaks some French and 
German; seeks new opportunities in 
research — teaching ~- communi- 
cations as cuts hinder UK research. 
Box No 5128 c/o Nature, 4 Little 
Essex Street London WC2R 3LF. 
(5128)B 


APPOINTMENTS WANTED 


advertise your qualities and qualifi. 
cations through the most influentia 
science weekly in the world at ¢ 
special reduced cost of 25p a word. 
(Personal Box Numbers £2). 
Advertisements must be pre-paid anc 
sent to: Nature Classified (Appts 
Wtd), 4 Little Essex Street, London 
WC2R3LF. (890)B 


ASSISTANTSHIPS 





UNIVERSITY COLLEGE LONDON 


DEPARTMENT OF BOTANY AND MICROBIOLOGY 
SERC Research Assistantship 
(Chemist or Biochemist) 


The Department is seeking a Chemist or Biochemist with good 
experience or protein or DNA structure analysis and/or membrane 
analysis for an SERC-funded project on plasmid-encoded envelope 
proteins of £. cof. 

Plasmids of the CalV group are virulence plasmids and increase the 
pathogenicity of enterobacteria probably by altering envelope 
structure. Such Coly strains carry a major plasmid-encoded outer 
membrane protein, the VmpA protein, which resembles the chromo- 
somally-specified OmpA protein in size and certain other properties 
and, like the OmpA protein, is synthesized from a somewhat larger 
precursor. 

The aims of the project are to establish whether or not the VmpA 
protein is a transmembrane protein, to compare and contrast the VmpA 
and OmpA proteins with respect to structure, sequence, 
immunological relatedness and other properties, to analyze the 
N-terminal region of the VmpA protein precursor, to ascertain whether 
the SecA gene product plays a role in VmpA protein secretion and to 
clone the VmpA gene. The assistant would join a group which is also 
examining the ColV group of plasmids from the medical and ecological 
viewpoint. 

The research assistantship is on the RA Grade IA salary scale and is for 





15 months in the first instance. Applicants who should preferabil 
have a first degree in Chemistry or Biochemistry wit 
apporpriate postgraduate experience (see above), should send a 
c.v. and the names of two referees to Dr R.J. Rowbury, 
Department of Botany & Microbiology, University College 
London, Gower Street, London WCIE6BT. {5179A 


Royal Society British National Committee for Biochemistry and 

the Biochemical Society, and it is hoped the results will be= 
available in mid-March. Potential applicants should note that! 
grants, if offered, are unlikely to cover expenses in fuli. 2 
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_ The care to meet, 


eR 


to know, 


to understand. 


A world-wide scientific Serono Symposia is an independent 


research organization 





foundation, created in 1971, to promote 
scientific research in all disciplines 


for human health and X which contribute towards improving 
human health. 
welfare. ARES This aim is pursued by means 
A center for promotion of SERONO of congresses, courses, seminars 
scientific and cultural activities. SYM and specialized studies. 
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Some of the international meetings scheduled for 1985 are: 


:s and Papilloma Viruses Monoclonal Antibodies: Basic 

Role in the Carcinogenesis of the Principles, Experimental and Clinical 

* Genital Tract Applications in Endocrinology 

March 11-12 Florence, October 2-4 

fic Organization: G. De Palo (I) Scientific Organization: M.B. Lipsett (USA) 
Hausen (D) and M. Serio (1) 

it Advances in Primary and Serono Symposia Mini-Courses 

red Immunodeficiencies The courses, lasting 1 or 2 days, are organized in 
, April 10-12 collaboration with the Istituto «Mario Negri» for 
fic Organization: F. Aiuti (I) Pharmacological Research and will be held in 
‘ooper (USA), R.A. Good (USA) Milan, Italy 

Rosen (USA) Regulation of Beta-Adrenergic Receptors 
terferon System in Animals and Man. 

May 8-11 Lecturer: P.B. Molinoff (USA) 

fic Organization: F. Dianzani (I) Oncogenes and Chemical Carcinogenesis. 
B. Rossi (I) Lecturer: M. Barbacid (USA) 


and Kidney Growth Factors as Cell-to-Cell Messages 


as ne Qa 






Circle No.70 on Reader Service Card. 





Do you know all the 
advantages that 

the Serono Symposiz 
Congress Card offers? 
Please fill in this form 
and mail to 

Serono Symposia 

for information 





. . 
swissair ZF Ofcial Carrier C 
n ; — 
( 
| would like to receive information about $i 
Serono Symposia Congress Card C All the above Congresses 


In particular the Congress on 


Mini-Courses 

Serono Symposia Publications 
Name 
Address 


Institution 


No pI problem is too broad or 
too narrow for Pharmalyte’ 





Pharmacia 
J Fine Chemicas 


Success in isoelectric focusing largely depends upon the 
quality of the carrier ampholyte you use. Pharmalyte, 
from Pharmacia offers the essential high quality for 
results you can depend on. 


Pharmalyte is an advanced series of carrier 

ampholytes intervals, covering the pH range 2.5—10.5, for 
analytical and preparative IEF in all types of stabilizing 
media. Each interval produces a stable and highly 
reproducible gradient of a quality capable of resolving 
proteins differing by less than 0.02 pH units in their pl. 
Low and even conductivity across the entire gradient 
allows focusing at 3000 V or more, giving you fast 
focusing and significantly improved resolution. 


And we at Pharmacia can offer you the benefit of expert 
advice gained from the many years of experience in IEF. 
So why not let us solve your problems before you meet 
them? 


A wide selection of literature of IEF is always available. 
Send for your complete information package today. 


Pharmalyte — the carrier ampholyte that 


brings confidence to isoelectric focusing. 


Circle No.22 on Reader Service Card. 
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Spatial distribution of cells expressing the engrailed 
gene in embryos of the fruitfly Drosophila melano- 
gaster, revealed by in situ hybridization. The bright 
bands correspond to the posterior compartments of 
each segment of the embryo. The experiment was made 
possible by the cloning of the engrailed gene, which 
relied on the presence in the gene of a region 
homologous to the ‘homoeo box’ sequence that 
characterizes homoeotic genes in Drosophila. (See p. 
284.) 
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‘urope trickles into space 


-Next week’s response from Europe to the US invitation to join in the space platform will be at bes 
a compromise, at worst a nothing. Europe must make itself a policy. 


PRESIDENT Ronald Reagan may have done Europe a service by 
his proposal that it should spend $2,000 million on his $8,000 
million space station. At least he has knocked European heads 
together over an issue where European collaboration and expen- 
diture certainly need to be enlarged if Europe is to play some 
part in the next stage of space technology, the building of large 
structures and the refurbishment of modular satellites in space. 
Sadly, the result, to be seen at a ministerial meeting of the Euro- 
“pean Space Agency in Rome next week, is likely to be a mess; 
“but that is Europe’s fault, not Reagan’s. 
The problem, essentially, is that the ‘‘European’’ space industry 
^is not European, but national. National governments naturally 
back their national industries, with the result that decisions that 
should be commercial and market-led become highly politiciz- 
ed. This is mere pork-barrelling, and does not contribute much 
to the greater issues of European development. 

European governments participating at Rome thus make great 
play with the issue of European “‘independence”’ from the United 
States in the control of, and access to, the space ‘“‘infrastructure”’ 
represented by the proposed space station and its associated com- 
-munications systems, On the one hand, this is presented as a great 
ï political i issue, as by the French President M. François Mitterand 
he speech in the Netherlands last year. But on the other, M. 
«Mitterrand is as much concerned about whether or not other states 
< will back his French industry in the development of the 
$900-million, winged “Hermès” mini-shuttle. Similarly, Britain 
will propose next week that technological (and possibly military) 
independence of the United States is only a distant issue, and that 
the question of putting Europe in space at all can be safely 
neglected for a time. Europe should back British Aerospace, the 
company which has proposed an experimental platform for polar 
or equatorial low-Earth orbit that would make no contact with 
the space station at all. Not being man-rated, the British flyer 
chalks up a much lower cost (perhaps by a factor of two) than 
the equivalent platform proposed by West Germany and Italy 
as part of the ‘‘Columbus’’ project. Britain, for the time being 
is ‘therefore cool on men in space. 


Independence 


Columbus would come. in two parts. There is a pressurized 
chamber, like Spacelab, for manned experiments, and a platform 
which can carry experiments as does the British Aerospace pro- 
ject, or dock with the pressure chamber to provide it with ser- 
vices. This would provide Europe with a poor man’s indepen- 
dent space station — but only expensively. So one might expect 
West Germany, from self-interest, to take a middle position bet- 
ween France and the United Kingdom on ‘‘independence’’ from 
the United States. And this is exactly how the big countries of 
Europe line up, with Italy — which has a potential 25-30 per 
cent stake in Columbus — backing West Germany. Is this politics? 
Or is it business? And if the latter, is it good business? Either 
way, Europe seems unable to understand that the future prize 
may be much bigger than that now up for grabs. 

That there is business to be won is attested by the Eurospace 
organization in Paris, which claims to speak for 60 of the largest 
aerospace companies in Europe. To 1993, Eurospace sees a 
market to European manufacturers of $1,800 million a year in 
“<eonventional launchers and satellites, and a microgravity market 








of $7,000 million a year thereafter. And though the second figure 
is based on some ‘highly questionable” US studies, there is a 
least a possibility that there will be a market big enough to re- 
quire that competing investments should be assessed on ‘more 
serious commercial grounds than seems likely at next week’ 
ministerial meeting in Rome. 

Even internal national squabbles will play their part there. In 
West Germany, for example, the finance ministry has taken 
months to agree to back both the development of a cryogenic 
motor for Europe’s conventional Ariane launcher and Colum- 
bus, and has then taken its pound of flesh by cutting the budget 
of the research technology ministry (BMFT), which the cabinet 
in Bonn has now decided must find 30-50 per cent of the cost 
of the programme, putting space science at risk. 


Veto 


Britain’s space scientists are also in trouble. Although there seems. 
to be broad support for a 15 per cent contribution to Columbus: 
(if the British Aerospace machine can be considered part of it), 
opinions are divided over whether to raise the ESA mandatory 
subscription, supporting basic science by, 50 per cent in real terms 
over the next decade or so, another point on the ESA agenda 
for Rome (see p.259). This internal British problem could well 
become a European problem, for unwilling payers have a veto. 
According to ESA, a 7 per cent annual increase in the subscrip- 
tions (now totalling around $70 million, paying for one scien- 
tific launch every two years or so) would offer ‘‘reasonably:relax-: 
ed’’ support for a detailed package of science missions for the 
next 20 years. This package, prepared over the past 18 months, 
has wide support in the scientific community in Europe as _ 
representing a minimum programme to keep Europe in business 
in space science. But according to ESA, the compromises it em- 
bodies would not survive a rate of increase of less than 5 per cent 
a year. Britain, however, offered only three per cent at the last 
ESA council meeting before Christmas. Will it be more generous — 
next week? A 

Not only is three per cent insufficient to reach the Horizon 2000 
threshold, but the British Science and Engineering Research | 
Council, which has to pay the subscription, is in such straitened . 
circumstances that it can hardly imagine paying even that. No 
wonder then that its council’s head of science and (as it happens) 
the chairman of ESA, Dr Harry Atkinson, is talking hopefully 
of ‘‘leaky boxes’’. The leak he wants is out of the space budget 
of the Department of Trade and Industry, which will pay for par- 
ticipation in the space station, and into the budget of the coun- 
cil. Does he reckon without the stupefying bureaucratic isolations: 
of departmental budgets in Britain, in which the tiniest leakage 
might seem a kind of public embezzlement? 

Inflexibility probably also makes nonsense of the otherwise. 
cogent arguments of Professor Martin Rees, the Cambridge: 
astronomer, who says that space science is bound for decades - 
to seem less cost-effective than the more modest schemes on which 
research councils think they should be spending money. Thus,- 
Rees argues, the British contribution to the ESA mandatory. 
budget should be hived off, to a British space agency, leaving 
the council room for better support for ground-based astronomy, 
among other things. All good sense, but no more likely to hap- 
pen on that account. g 
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Where now with AIDS? 
-The time has come to stop being mesmerized by 
_ this new disease, and to do something about it. 
_ IN society’s lackadaisical defence (of itself) against the syndrome 
called AIDS, otherwise acquired immune deficiency syndrome, 
_ the article on page 277 of this issue is another landmark. Other 
equivalent landmarks will appear this week in other journals, Cell 
and Science. These three articles report the nucleotide sequences 
of particular isolates of the virus named HTLV IH by Robert 
Gallo and his associates at the National Cancer Institute in the 
United States. Nature knows of a fourth viral sequence in the 
pipeline, just a few weeks behind, and there may well be others. 
But most readers of these articles will acknowledge that there is 
no obvious means by which any of them, or any combination 
of them taken together, will advance the treatment of a disease 
that, when full-blown, kills those affected with something like 
the certainty that summer is warmer than winter. There is a chance 
that the nucleotide sequences, or their comparison, will suggest 
some useful way of looking at the problem of treating this novel 
disease, but there is also a chance that they will do nothing of 
the kind. A bigger step was taken a few months ago, when it 
became clear beyond doubt that AIDS is caused, in part at least, 
by a virus that can be characterized in the laboratory and which 
can be recovered alive from body fluids as different as semen 
and saliva. Sequencing is merely better characterization, but in 
due course, as the permissible protein structures are defined, it 
«will also no doubt have practical value for immunologists (peo- 
ple who, among other things, make vaccines). 
The immediate interest of the three now-published nucleotide 
sequences will be in their comparison, and for a particular reason. 
Restriction enzyme mapping in several laboratories has already 
suggested apparently huge differences between the structure of 
one isolate of the virus and another. That discovery has seemed 
forbidding because it has suggested that different strains of the 
AIDS virus may differ from each other structurally, as do the 
viruses responsible for successive waves of influenza, a much more 
infectious entity. The defect in that conclusion is that restriction 
mapping, which consists of cutting pieces of DNA at specific sites, 
is ideally suited to telling small differences between largely similar 
genetic structures and that it may exaggerate differences between 
necessarily malleable genetic structures such as those of viruses. 
Nobody should be surprised if the differences between the genetic 
structures now published are of no biological significance, or are 
simple mistakes (what the electrical engineers would call noise). 
Equally, nobody should be surprised if the data suggest that the 
AIDS virus is so labile that the hope of making a universal vac- 
. gine is small. 
So is it still an open question whether AIDS is a passing scare 
or a novel disease that has come to stay for good? In principle, 
“yes; in practice, the weight of the evidence inclines to the oppos- 
ing view that AIDS is a novel infectious disease that spreads on- 
-fy slowly, which for that reason has affected only small sub- 
‘communities. but which, because transmission is mostly sexual, 
will in due course put all of us at risk, It is particularly disturb- 
ing that AIDS has now been reported among female prostitutes 
in New York. Retrospectively, it is now known that AIDS has 
been established among men and women for at least six years. 
That then, is the bad news; there is no obvious barrier except 
a vaccine (whose construction would be attended by the im- 
munological complexities already recognized as well as by the pro- 
-plem of making the first vaccine against a retrovirus) to the 
general spread of the disease. The good news is that the time- 
- scale of the infectious process is long. Infection is clearly not over- 
whelmingly rapid. Not all those infected are certain to succumb. 
Certainly the analogue of the classical induction period is long, 
~ three or four years, perhaps. So there is a chance, even a good 
chance, that energy spent in the next few years on the understan- 
ding of the biology and the molecular biology of AIDS may 
literally help to avert the catastrophe as serious but more endur- 
ing than any of the horrid visions on which governments now 





lavish dollars in units of tens of millions. True, the questions pro- 
voked by AIDS are more taxing than those provoked by, say, 
acid rain. But in an age when battling against imagined cataclysm 
has become heroic, is not the case for worrying constructively 
about AIDS the more cogent? E 


Other things not equal 


Dollars go up and pounds go down. The under- 


lying reasons are linked with productiveness. 
THE economists’ standard way of disclaiming full responsibility 
for their conclusions, the English translation of the Latin ceteris 
paribus, has been widely used in the past few months, especially 
in connection with the United States budget deficit and its inter- 
national ramifications. What the textbooks say is that a govern- 
ment that finances its public expenditure by borrowing what it 
cannot raise in taxes runs several risks. The most common is that 
the creation of domestic credit will stimulate inflation, a danger 
avoided in the United States largely because much of the bor- 
rowing has come from abroad. Another danger is that the need 
to borrow will keep interest rates high (because people must be 
tempted to part with their money. Another obvious risk for a 
government running a budget deficit (in excess of $200,000 million 
this financial year) is that, other things being equal, the curren- 
cy will depreciate as the supply of dollars overseas comes to ex- 
ceed the willingness of people overseas to accumulate ever-larger 
piles of this commodity and its equivalents. But plainly, things 
are no longer equal. The currency that has fallen through the floor 
in the past few weeks is not the dollar but the pound sterling. 
The economists’ extenuating circumstances have dawned on 
people only slowly, but are in their own way also chilling. The 
willingness of people to lend money to a spendthrift government 
rests on the flexibility of the US economy in the past two years. 
The inflation rate has actually fallen (to 4 per cent a year) and 
industrial production has increased (by 6.4 per cent in a year, 
more quickly than in most industrial countries except Japan). 
Even so, the external trade deficit ($122,000 million a year) is 
so high that it would keep most newly-inaugurated presidents 
awake at nights, while the money supply in the United States (up 
10.3 per cent in a year) should have most people wondering how 
long overseas suppliers will be prepared to finance the unrequited 
import bill. The obvious danger is that the time will come when 
people’s appetite for dollars is sated, when there will be a tur- 
naround as uncomfortable for the United States as for others. 
Britain, at the other end of the industrial spectrum, seems to 
have earned all the troubles that afflict the United States and those 
that still lie ahead of it. The British economy has proved to be 
less flexible than most, with the result that British exports to the 
United States have not risen as quickly as those of France and 
West Germany in response to the favourable exchange rate. In- 
deed, industrial production actually fell in Britain last year (partly 
because of a ten-month coal strike), earnings and as a consequence 
unemployment are both increasing, as is the money supply. 
The morals of this tale of contrasts for the US government are 
clear — reduce the budget deficit, let interest rates dectine still 
further and let the dollar decline modestly in value (as it would). 
So much is the price of avoiding instability on a grand scale. The 
recipe for the British government is harder to follow, if only 
because it has been tried in various forms for at least twenty years. 
The problem is to find some way of making the British economy 
more productive and more flexible. Successive governments of 
all stripes have aimed at these objectives by a variety of finan- 
cial instruments, during the past decade by concentrating on in- 
flation and the money supply. The present government has also 
tried, more openly than any since the Wilson Labour government 
of 1964, to encourage high technology. The snag, now as then, 
is that the weaknesses of the British economy lie not so much 
in these long-term goals as in the need somehow to keep body 
and soul together in the short run. Structurally, middle technology 
has been virtually destroyed by the events of recent decades. So 
long as that remains the case, people will go on selling sterling. 
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Japanese budget 





NEWS—— 


Good year ahead for 
science and technology 


Tokyo 

ANOTHER austere budget is on its way for 
Japan in 1985.: Science and technology 
seem exempt from the general gloom, how- 
ever, as the government struggles. with its 
colossal deficit. Draft budgets for all the 
science-based ministries have been 
approved by the Cabinet, and show rises 
of between 3 and 12 per cent (see p. 256). 

The new budget has yet to pass through 
: the Diet, but cuts are not thought likely in 

the appropriations for science. The opposi- 
‘tion parties will instead find plenty to 
. disagree with in the planned reorganization 
of the health payment system and in the 
“increases in the defence budget. 

The increases for science, added to the 
ending of a few older big projects, are 
making it possible for all the science minis- 
tries to get several new schemes off the 
ground. 

Science and Technology Agency (STA) 
Several years of massive expenditure on the 
preparations for the Expo 85 International 
Science Exposition are now practically 
over. With the opening scheduled for 17 
March, expenditure for the 1985 fiscal year 
will decrease by 65 per cent, providing some 
spare funds that can go elsewhere. 

A. big increase is made possible for 
Special Promotion Funds — essentially 
equivalent to the grants from the Ministry 
of Education. Science and Culture (MESC) 
in aid of research and used to support a 
host of small projects. Indeed, although the 
fund was set up only a few years ago, it is 
now worth nearly 20 per cent of MESC’s 
grants. 

The really big news for STA, however, 
is that a hefty budget allocation (1,400 
million yen) has been made for the design 
of modules to comprise a part of the US 
“space station. No. final decision has yet 
been made on the extent of Japanese par- 
ticipation in the US project, but this first 
move makes likely a major effort later; 
Mitsubishi Heavy Industries is to be the 
main contractor. 

Money has also been provided for the 
HII rocket (Y7,300 million and guarantees 
of further sums over the next few years for 
the rocket, and Y1,500 million for further 
research on its cryogenic engine). So des- 
pite criticism that the project is merely du- 
plicating other nations’ achievements and 
that satellites could be launched more 
cheaply by the United States or Europe, it 
seems that Japan will really insist on having 
an independent launch capability by the 
early 1990s. The rocket will be able to carry 
only a modest 2,000-kg satellite into orbit 
and it will not be able to handle the huge 
communications satellites now coming into 
use — but that still leaves a large part of 








the satellite market (perhaps as much as 85 

per cent) open to a potential Japanese 
competitor. 

The new rocket does not exhaust STA’s 
plans for massive new hardware. Money is 
also being provided to design a new deep- 
sea diving vessel. Four years ago, the 
“Shinkai 2000” submersible made a suc- 
cessful 2,000-metre dive; now work on a 
manned vessel capable of reaching 6,000 
metres is to go ahead at the Japan Marine 
Science and Technology Centre. 

In basic science, there will be a consider- 
able increase (to Y2,500 million) in the 
Institute of Physical and Chemical 
Research (RIKEN)’s nuclear research bud- 
get. This will allow construction to continue 
of a heavy-ion cyclotron — planned to be 
the most powerful in the world. 

Heavy ions also feature in another con- 
tinuing STA programme for the medical 
use of accelearators. The project, at the 
National Institute of Radiological Science, 
is using heavy ions, including those of car- 
bon, neon, silicon and argon, to treat 
tumours, apparently with some success. 
The only other such facility is at thé 
Lawrence Berkeley Laboratory in the 
United States, although a laboratory at the 
University of Alberta, Canada, is expected 
to be set up soon. 

In the biological sciences, Y187 million 
has been provided to set up a gene bank 
— all the rage this year, it seems. Both the 
Ministry of Agriculture, Forestry and 
Fisheries (budget Y391 million) and the 
Ministry of Health and Welfare (budget 
Y107 million) have also just set up their 
own gene banks. 

Modest gains are also seen for nuclear 
energy research and project Monju, the 
prototype fast breeder reactor, gets a con- 
siderable budget increase — but not enough 
to stop the project falling well behind 
schedule. 

Project ERATO — Japan’s bid to stimu- 
late creativity through the encouragement 
of fairly eccentric group research (see 
Nature 305, 373; 1983) — will take up two 
new themes this year: one on the physics 
of the nanometre region (in preparation for 
yet smaller devices) and one on atomic 
interactions at surfaces. 

Ministry of Education, Culture and 
Science (MESC) 

Grants in aid of research increase a little 
— but only a little more than the rate of 
inflation. Postdoctoral fellowships will be- 
come available for the first time. Only 72 
(instead of the expected 200) of the 
¥200,000 (US$800) a month fellowships 
will actually be offered (and another 72 of 
lesser worth for those still studying for a 
doctoral degree) but the holders will be en- 





titled to apply for a considerable research 
grant, the first time that MESC has taken” 
a serious step towards providing indepen-: 
dent research support for young people. It 
is hoped that the number of fellowships will 
be expanded to 500 by 1989 but there are- 
some doubts — even the funds for this pro-. 
ject were at first refused by the Ministry of 
Finance. a 
Increases in funding have also been made 
for a number of categories of grant and. 
numerous new projects launched. One pro: 
ject scheme — probably unique to Japan ` 
— is that of tokutei research. Grants are. 
given to a subject area rather than to | 
specific group and anyone working in tha! 
area becomes entitled to apply for a- part 
of the funds — the aim being to give 
boost to a whole sub-discipline (sometimes 
involving more than 100 people) rather. 
than to one research team. Among the nine 
new projects to begins this year are those. 
on dynamic processes of material transport. 
and transformation in the Earth’s interior, 
the role of calcium ions in cellular. 
regulation and nucleic acid conformation 
and its recognition. Total funds available 
run to Y5,300 million. 
MITI 
For MITI the big news is that a new “‘basic: 
technology research promotion centre’’ is’ 
to be set up. The catch is that it is to be 
done in partnership with the Ministry o: 
Posts and Telecommunications which had. 
been lobbying for a similar institution t 
promote sophisticated regional telecom 
munications systems. The new centre wil 
provide loans for basic research by private 
industry and set up new joint research pro- 
jects. Relations between the two ministries 
are at an exceedingly low ebb as they. 
struggle to gain control of computers and 
telecommunications research — the. 
Ministry of Posts being badly wounded by. 
the privatization of the telecommunications ° 
monopoly NTT — so it is expected to bé- 
some time before the organization is under 
way. BEEN 
Two new-year ‘‘large-scale industrial 
projects” are also to be launched by MITI, 
one on flexible data base systems and one. 
(the ‘‘aqua renaissance” project) to find. 
ways of purifying and recycling water from 
industrial waste. Each will receive Y20 
million in their start-up year. A separate. 
project (budget Y70 million) for ‘‘next. 
generation industries’ will also begin for 
development of materials for optical 
components that will soon sit in optical. 
fibre transmission lines and, one day, in the 
optical computer. 





Alun Anderson 


Correction 


IN the article on the Austrian dam on the 
Danube (Nature 17 January, p.171), it was 


incorrectly stated that the Danube Com 


mission had set up an ecological study, ~ 


That has in fact been done on the initiative ` 


of the Austrian and Czechoslovak 
governments. gJ 




































US telescop es 


‘Mount Wilson (California) 

THE Carnegie Institution of Washington 
has shunned the recommendation of a 
cientific committee that it should continue 
to support the two solar towers and the 
60-inch telescope at Mount Wilson obser- 
- vatory until an alternative sponsor is found. 
The institution announced last week that 
it will end its support for the 60-inch tele- 
scope and the solar towers by 1 July 1986, 
‘and confirmed previously announced plans 
) mothball the 100-inch telescope on 1 July 
is year unless another operator steps 
orward. 

The scientific committee, chaired by R. 
Grant Athay of the High Altitute Obser- 
vatory, records ‘‘profound dismay”’ at the 
“seemingly abrupt’’ decision to close the 
100-inch telescope and the solar towers. It 
also describes as ‘‘impractical and unreal- 
istic” the suggestion that the 60-inch tele- 
scope could be supported entirely by exter- 
nal grants, a conclusion endorsed by users 
of the instrument who sent evidence to the 
committee. The Carnegie Institution’s 
announcement last week made no reference 
‘Athay’s report, which was undertaken 
at the request of Dr George Preston, 
director of the Mount Wilson and Las 
Campanas observatories. 

<- Mount Wilson is not suited to deep-space 


Japanese 


Yen Percentage 
; (thousand increase or 
Technology Agency million) decrease 
`: Total research-related 
budget 420.9 +31 
“EXPO '85 9.4 -65.0 
Special promotion 
funds 7.3 + 12.3 
Space 91.5 + 6.7 
Nuclear energy! 254.3 + 8.5 
Cancer campaign 8.4 + 10.4 
Disaster prevention 2.1 - 
ERATO 2.5 + 119 
Ministry of 
Education, Culture 
i Science 
Grants-in-aid of 
research 42.0 +3.7 
_ Ministry of International 
Yade and Industry 
. Total ‘research related 
budget 193.2 + 12.6 
Basic technology 
promotion centre 10.0 - 
Basic technologies for 
next generation 
industries 6.4 + 11.0 
arge-scale industrial 
-projects 14.8 + 13.3 
Sunshine project 39.8 + 8.1 
Moonlight project 1i + 15.6 
Fifth generation 
computer project 4.8 - 5.8 


1. Not including special account for nuclear plant siting 
2. Regional science promotion budgets etc. are extra 
(7 15%). 








Uncertain future for 100-inch 


observations requiring dark sky conditions 
because of light pollution from nearby Los 
Angeles. But Athay notes that there are 
many ‘‘frontier problems’’ which are un- 
affected by light pollution and which could 
benefit from the excellent seeing and the 
long periods of uninterrupted clear weather 
at Mount Wilson. High-resolution spectro- 
scopy is not limited by sky brightness and 
photometry and low-resolution spectro- 
scopy can be done usefully by subtracting 
sky light. Important solar and stellar 
synoptic programmes now in progress 
would suffer from even a temporary inter- 
ruption to observations. Furthermore, the 
Coudé spectrograph on the 100-inch tele- 
scope could be the best of its type in the 
world, and the observatory may be ideal 
for speckle interferometry and variable 
baseline stellar interferometry. 

Athay’s committee urges Carnegie to set 
up a blue-ribbon panel to oversee the trans- 
fer of the Mount Wilson observatory to 
another organization that can make good 
use of the equipment and the huge collec- 
tion of observational records. But it is still 
not clear whether any of the several inter- 
ested groups will be able to put forward a 
convincing plan for the observatory in time 
to prevent the shutdown of the 100-inch 
telescope in July. Carnegie has undertaken 
to keep the telescope maintained and 
exercised after July for an unspecified 
period. 

One interested group, the Mount Wilson 
Corporation for Research in Stellar and 
Solar Physics, is trying to raise $10 million, 
the earnings from which would support 
basic operations at the site. The founder 
of the corporation, George Roberts, 
expresses cautious optimism that the goal 
will be reached: negotiations are in progress 
with a major foundation. Roberts says a 
deal to provide the $9 million still needed 
will be concluded ‘‘within 60 days or not 
at all’’. The Smithsonian Institution and 
the Jet Propulsion Laboratory have both 
previously expressed interest in a consor- 
tium to manage the observatory, and 
Roberts claims support from several pro- 
minent scientists and industrialists for his 
endeavour. 

The Carnegie Institution intends that 
savings made by withdrawing from Mount 
Wilson — about $750,000 per year — will 
be used to expand facilities at its Las 
Campanas observatory in Chile. Preston 
says the Carnegie Institution will increase 
its total spending on astronomy in coming 
years. New instruments are being fitted to 
the existing telescopes at Las Campanas — 
which has ‘‘unsurpassed’’ dark-sky condi- 
tions — and there have been initial discus- 
sions on a proposed new 8-metre single 
mirror telescope at the site. This instru- 
ment, like other planned telescopes, would 
use new technology being developed by 
Roger Angel at the University of Arizona. 














Angel’s mirrors are spin-cast in parabolic 
shape and consist of a lightweight glass 
honeycomb sandwich. Angel hopes that his 
recently-devised computer-actuated lap will 
solve the problem of polishing deep para- 
bolic dishes to an accuracy of 1 micrometre 
and plans a mirror with an fl focal ratio. 
If it works — the technology is not yet 
proven on a large mirror — the cost of 
building telescopes with very large mirrors 
would fall dramatically. Preston will say of 
the proposed new telescopes only that ‘‘it’s 
big’’, and he discourages speculation. 
Tim Beardsley 





Indian electronics 


Transfer halted 


New Dethi 
INDIAN scientists have stalled a move by 
their government to acquire high 
polysilicon technology and equipment from 
the United States for the expanding 
indigenous electronic industry and photo- 
voltaic programme to harness solar energy. 
A review of the matter has been ordered 
by the new Prime Minister, Rajiv Gandhi. 
It is a temporary setback to the agreed first 
transfer of US high technology to India. 

Hemlock Semi-conductors Inc. of 
Michigan had signed an agreement with the 
Indian department of electronics last April 
to provide polysilicon technology for the 
proposed National Silicon Facility to be set 
up in Baroda in western India to produce 
high purity silicon crystals. The deal ran 
into rough weather at both ends. The US 
Department of Commerce declined to issue 
an export licence until a memorandum of 
understanding was signed between the two 
governments in November, after US 
suspicions about sensitive technology 
finding its way to a third country, implicitly 
in the Soviet bloc, had been allayed. 

Indian scientists, on the other hand, say 
that the import of US technology is a 
disincentive for the indigenous research 
effort to develop the required technology. 
Already a two-tonne-a-year capacity 
polysilicon plant has been set up, based on 
process know-how from the National 
Chemical Laboratory at Pune. The process 
can be upgraded to produce silicon of high 
purity. Opponents also argue that the 
Indian silicon requirement will not exceed 
20 tonnes a year in the next 10 years, so 
the proposed 200-tonne Baroda plant 
costing 90 million rupees will be unneces- 
sary. Moreover, Hemlock’s technology 
based on the Siemens process is said to be 
outdated and costly, so that it will not be 
possible to export the excess Baroda 
production at a competitive price. 

The controversy has political implica- 
tions for the national governments of both 
India and the United States. Mr Gandhi has 
therefore sought first a review by the 
political affairs committee of his ministry. 
Opposing scientists are keenly awaiting the 
eventual verdict of the full cabinet. 
Sunil Suraf 
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US creationism 





NEWS 


Louisiana law thrown out 


Washington 

THE Louisiana law requiring ‘‘balanced 

treatment” of evolution and creationism in 
-the public schools has been found uncon- 

Stitutional by a federal judge. This is the 


“second time since 1982 that such a state law 


“has been thrown out by a federal court. 
And because this time the decision came in 
the form of a summary judgment, finding 
that the law is unconstitutional, other states 
are unlikely to test the courts further. No 
other state at present has a creationism law 
on the books. 

The Louisiana attorney general has 
announced that he will appeal Judge 
Adrian Duplantier’s decision to the federal 
.. circuit court, but meanwhile the state has 
. agreed not to begin enforcing the statute. 

The plaintiffs in the case, represented 
by the American Civil Liberties Union 
(ACLU), argued in their motion for 
summary judgment that no trial was 
necessary because no facts were in dispute. 
Judge Duplantier agreed. ‘Because it pro- 
motes the beliefs of some theistic sects to 
the detriment of others’, he wrote in a ten- 
page decision, ‘‘the statute violates the 
fundamental First Amendment principle 
that a state must be neutral in its treatment 
of religions.” Duplantier said that it was 
not necessary to repeat the lengthy 1982 
trial of Arkansas’s similar statute, in which 
dozens of expert witnesses testified as to 
what constituted science. ‘‘Whatever 
‘science’ may be’’, Duplantier wrote, 
‘“‘creation’, as the term is used in the 
statute, involves religion, and the teaching 
of ‘creation-science’ and ‘creationism’, as 
contemplated by the statute, entails 
teaching tailored to the principles of a par- 
ticular religious sect or group of sects.” 

The Louisiana law had avoided one 
pitfall of the earlier Arkansas statute by not 
providing specific definitions of ‘‘creation- 
science” and ‘‘evolution-science’’, thus 
making it a relatively easy matter to show 

. that ‘“creation-science’’ derives directly 
~ from Genesis. The Louisiana law simply 
declared ‘‘creation-science’”’ to be the 
“scientific evidence for creation and infer- 
ences from .those scientific evidences’’. 
Schools would not have been required to 
teach ‘“‘the subject of origin’’, but if they 
had chosen to do so, equal time would have 
had to be given to evolution and creation- 
ism. A seven-member panel of ‘‘creation 
scientists’’ would have been appointed by 
the governor to advise local school districts 
on a suitable curriculum. 

The “balanced treatment’? approach was 
formulated by the creationist organizations 
(a model statute, drafted by the Institute 
for Creation Research, has been introduced 
in several state legislatures and was the 
basis for both the Arkansas and Louisiana 
laws) in an attempt to skirt earlier court 
decisions that laws banning the teaching of 
evolution are unconstitutional. Arkansas 





had such a law on the books until 1969, 
when it was thrown out by the US Supreme 
Court. Opponents of the equal-time law 
argued that its obvious intent was to make 
the teaching of evolution so controversial 
and difficult that schools would choose to 
avoid the issue altogether. 


Ah, well-back to £ yi riqhfening 
children... 


Duplantier said it was unnecessary for 
him to consider the evidence that the state 
had presented, in over 1,000 pages of 
memoranda and affidavits, contending that 
creationism is science. A trial ‘‘could not 
affect the outcome”. Duplantier said ‘‘ 
decline to put the people of Louisiana to 
the very considerable needless expense (in- 





Press goes off to Moscow 


Washington 

Dr Frank Press, president of the US 
National Academy of Sciences, is in 
Moscow this week to discuss reestablishing 
a programme of scientific exchanges with 
the Soviet Academy of Sciences. A large 
part of the programme was suspended in 
1980 by the National Academy in protest 
against the internal exile of Soviet dissident 
Andrei Sakharov. 

Press was to have made the trip last 
summer, but cancelled it at the last minute 
amid growing concern that Sakharov was 
in failing health and might even have died. 
An earlier scheduled trip was cancelled 
following the Soviet downing of the Korean 
airliner in autumn of 1983. 

Press said last week that he had informed 
the Soviet academy two or three months 
ago that he was now ready to rearrange the 
visit. He said that discussions with academy 
members and people who had recently 
visited the the Soviet Union had convinced 
him that it was a good time to start talking 
again. 

The programme suspended in 1980 
provided for the academies to sponsor joint 
symposia that would bring together scien- 
tists from both countries. Such meetings 
had been going on since 1959. Since 1980, 
the only official contact between the two 
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cluding fees of attorneys on both sides) or 
a protracted trial’. The Arkansas trial cost 
the state not only its own legal expenses; 
it also had to pay ACLU’s $1.2 million bil 
for legal fees. 

Martha Kegel, executive director. “01 
ACLU in Lousiana, said the decision in 
Louisiana sets a precedent for a ‘‘knock- 
out blow” to creationist statutes. Th 
creationists, however, had already 
appeared to have begun shifting strate 
after the Arkansas statute was voided in 
1982 and after an earlier setback for the 
Louisiana law last year. (At that time, D 
plantier held the law to violate the state 
constitution’s delegation of authority ove 
curriculum matters to the state’s board ol 
education but he was overruled on: this 
point by the state Supreme Court; that wa: 
when the case came back to him to be heard 
on federal constitutional grounds’ o 
separation of church and state.) - 

Wayne Moyer of People for th 
American Way, a first-amendmen( 
lobbying group, notes that creationist 
efforts have been moving more and more 
to the local level. A number of local schoo 
boards have adopted creationist curricula 
most of these have been successfully re: 
versed by local action by concerned 
parents, teachers and clergy. Moyer: als 
cited several recent cases in which indi 
vidual teachers have been attacked by local 
creationists for teaching evolution. Thes 
cases, Moyer noted, are much harder 
learn about and oppose. 

Stephen Budians 


academies has been through a Committee. : 
on International Security and Arms 
Control. During the period, however, the 
academy has continued to help to arrange 
individual scientific exchanges under a 
programme sponsored by the National 
Science Foundation. 

These exchanges were cut almost in half 
in 1981, from 100 man-months per yei 
each way to 56, but have remained steady 
since then. The reduction in 1981 reflected 
the Reagan administration’s budg 
austerity measures rather than direc 
political sanctions, although the Reagan 
administration made no bones about it 
belief that the Soviets were getting more 
than they were giving in scientific exchanges 
between the two countries. ; 

The academy is clearly sensitive about | 
Press’s visit, as little new information has 
emerged about Sakharov’s condition sinc 
last summer. Press stressed that his dis- 
cussions with the Soviet Academy will be. 
only ‘‘explanatory’’. The academy would. 
not confirm reports that Press would 
attempt to see Sakharov during his visit, 
although it is reasonably certain that Press 
will at least raise the subject of Sakharov’s 
treatment when he meets A.P. Alexandrov, 
president of the Soviet Academy. ; 

Stephen Budiansky 






























































Anglo-Australian tests 


< BRITISH service chiefs flew in the face of 
safety warnings, and made servicemen 
‘crawl, lie, walk and run” in radioactive 
dust from one of Britain’s nuclear tests, the 
Australian Royal Commission was told in 
‘London last week. 

Lord Penney, in charge of the test pro- 
gramme in Australia in the 1950s, told the 
_ commission that although he knew that the 
¿military had exposed men in such ways, he 
was not aware of documents warning the 
services of the dangers, in particular a 
locument issued by the Admiralty in 1951 
n gamma radiation which said that ‘‘all 
‘radiation dosage, however small, is harm- 
ful’? and that men should be exposed to 
‘radiation only in the case of “demonstrable 
perational necessity”. Lord Penney added 
hat it would have been for the services to 
decide how to study the effects of nuclear 
: explosions. 

One military requirement of the British 
tests, according to Penney, was for a 
-ground-burst weapon. Mr Greg James, re- 
resenting Australian veterans, told the 
inquiry last week that the object had been 
to cause a ‘‘dirty’’ explosion resulting in 
large amounts of radioactive fallout, ac- 
complished at a test called ‘‘Marcoo’’ at 
‘Maralinga in 1956. James said that to the 
British military, the test was successful in 
hat it showed that dirty explosions would 
‘have had the potential to kill large numbers 
-Of people. 

Referring to still-secret British docu- 
ments that remain classified, Mr Peter 
McClellan, the commission counsel, des- 
cribed last week a row between scientists: 
and the Ministry of Defence about the need 
for the second bomb in the MOSAIC test 
series, G2. Lord Penney said that he had 
believed it necessary because the first in the 
series had not produced the required yield. 
Penney said that the British government 
had promised Australia that neither test 
would exceed two and a half times the 
HURRICANE test (25 kilotons), and that 
the second would be fired only if the first 
‘was unsuccessful. 

Mr McClellan said that the first test had 
deed been’ a success but Penney was 
adamant that the second test had been 
necessary, despite the claim of officials who 
had described it as a waste of some £3—£4 
million. 

On testing underground, Lord Penney 
admitted to Mr Justice James McClelland, 
the commission’s chairman, that his inter- 
t was stimulated only when a threat to 
atmospheric tests became apparent at the 
early test-ban talks in July 1958. But he also 
admitted that the minor VIXEN trials 
which began in 1959 could have been suc- 
cessfully contained in deep pits, thereby re- 
ducing the spread of radioactive material. 
Dispute about fallout from the TOTEM 
zEtest (October 1953) continued last week. 
Mr McClellan. asserted that Penney had 


British tell too little too late 


gone ahead with the test in atmospheric 
conditions so stable that the risk of fallout 
was increased, but Penney insisted that 
there had been no risk from the fallout of 
TOTEM 1. 

The commission’s search for British clas- 
sified material also persists. Mr Robin 
Auld, the British government’s counsel, 
said that his clients were now declassifying 
material and that they had produced more 
documents in the previous ten days than the 
Australian government had in six months. 
Mr Justice McClelland, however, tartly 
pointed out that it had been known for 
several months that the commission would 
be coming to Britain in early January, and 
that courtesy alone would have required 
‘the mass of documents on the subject to 
have been collated, sifted and put into an 
easily accessible form’’. Susan Watts 





Detour for Galileo 


Washington 

GALILEO, the US spacecraft due to begin 
its journey to Jupiter in May 1986, will 
make a detour around one of the larger 
asteroids, the National Aeronautics and 
Space Administration (NASA) has 
announced. The detour will add $20-25 
million to the cost of the mission which, 
NASA officials say, is a bargain price for 
what will be the first-ever close observation 
of a large asteroid. 

A final decision will not be made until 
after launch; but if the detour is approved, 
Galileo will pass within 10,000 km of the 
asteroid, 29 Amphitrite. The plans involve 
mapping the surface with the spacecraft 
imaging equipment and probing the 
asteroid’s mineral composition with 
spectrometers. 

The Solar System Exploration Commit- 
tee, a NASA advisory committee made up 
of space scientists, has for a long time been 
pressing for spacecraft exploration of 
asteroids as one part of an overall planetary 
exploration programme. From the Galileo 
fly-by, scientists hope to determine Amphi- 
trite’s mass, density, rotation rate, pole 
orientation and surface morphology. The 
data may also prove valuable in providing 
a basis for interpretation of ground-based 
observations of other asteroids. 

Because of the extra expenditure of fuel 
necessitated by the detour, Galileo’s arrival 
at Jupiter will be delayed three months; 
present plans call for the spacecraft to enter 
orbit around the planet on 10 December 
1988. The number of orbits around Jupiter 
will also have to be cut, from 11 to 10. 

NASA officials say the risks of bringing 
the spacecraft near the asteroid will be no 
greater than the risks that would be en- 
countered in any event from passing 
through the asteroid belt on the way to 
Jupiter. Stephen Budiansky 











European ani-trist law 
Ripping off 
red tape 


Brussels 
EUROPEAN companies (both indigenous 
and US or Japanese subsidiaries) jointly de- 
veloping new products or processes will no 
longer need to spend time and risk untimely 
publicity by notifying the European Com- 
mission of each new joint venture. 
European Community anti-trust regula- 
tions obliging companies to notify the 
Commission of joint research and develop- 
ment agreements have been simplified. 
Fifteen years after the idea emerged, in the 
1968 notice on cooperation between enter- 
prises, there is now to be block-exemption 
from competition tules for agreements on 
joint research and development as well as 
the exploitation of results. Moreover, the 
regulation applies not only to research but 
also to joint marketing and production of 
the results of the research, an aspect cham- 
pioned by former research commissioner 
Etienne Davignon. 

The new measure should be an important 
encouragement for European collaborative 
industrial research and development. There 
have even been some fears that the 
Commission’s own Esprit programme on 
information technology would have fallen 
foul of the previous regulations. The block- 
exemption gives the official Community 
stamp to a practice common among the 
larger European companies undertaking re- 
search and development, and will in 
particular benefit small and medium-sized 
companies seeking joint research and pro- 
duction. 

To avoid monopoly and to encourage 
diversity, however, the European Commis- 
sion stipulates that the combined market 
share of production by cooperating com- 
panies should not exceed 20 per cent. But 
if companies do not sell products in com- 
petition with each other, there will be no 
restrictions on their collaboration in 
research programmes . 

In addition, European companies mar- 
keting the fruits of joint research projects 
will also benefit by being freed from the 
requirement of active competition for the 
first five years, and for even longer while 
their joint market slice exceed does not 20 
per cent. 

In order to qualify for the block exemp- 
tion from anti-trust regulations, European 
collaborations must be embodied in a 
written research programme. Companies 
must also agree not to pursue individual re- 
search and development in the areas of 
joint research, that access to results and 
patent rights should be available to all 
partners, that agreements with third parties 
on, for example, licensing should not be 
undertaken without the other partners’ 
consent, and that each company should 
have exclusive distribution rights in its own 
country. Anna Lubinska. 
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European Space Agency 


Plans for the next decade 


MINISTERS from eleven European nations 
meet in Rome next week to decide the 
future of the European Space Agency 
(ESA) for upwards of a decade. 

ESA has placed a seven-point pro- 
gramme on the table which would raise its 
present $650-million annual budget by 
60-70 per cent. Yet only one of the points 
on the Rome agenda directly concerns the 
highly- 
publicized invitation by the US National 
Aeronautics and Space Administration for 
Europe to participate in the US space 
“station, due for launch in the mid-1990s. 

The items ESA will put before ministers 
on 30-31 January are: 

- @ A five-per-cent annual real increase in 
the mandatory science budget of ESA, to 


(fund “Horizon 2000”’, a well-thought-out 
- package of proposals designed to balance 


and satisfy the interests of Europe’s space 
scientists for the next 20 years. Target 
budget: $130 million a year, double present 
spending. 

© A ten-year, $1,300-million programme 
of Earth observation, with the launch of 
Earth Resources Satellite 2 for oceano- 
graphy and meteorology in 1992-93, an 
advanced land observation satellite in 
1994-95, and a second-generation mete- 
orological satellite including an all-weather 
microwave system. 


-: .@ .Atelecommunications programme, of 


_ which the major element, a $850-million 
orbital data relay system (comparable with 
the US Deep Space Network), should be 
agreed before the construction phase of the 
space station begins, according to ESA. 

@ A $55-million ‘‘technology’’ pro- 


gramme. 

è A microgravity research programme 
costing some $55 million a year from 
1988-92, to cover the use of the space 
station, a budget item that was ignored in 
ESA’s ‘‘Spacelab’’ programme on the 
Shuttle. 

@ A space transportation system: in other 
words, the extension of Europe’s launcher, 
Ariane, with a new cryogenic engine, 
HM60. This would cost $1,750 million to 
develop over the period 1986-95, plus 
$20-30 million a year for the ‘‘related 
elements”. 

@ Finally, Europe’s direct contribution to 
the US space station, which would consist 
principally of a manned laboratory called 
“‘Columbus’’, developed from Spacelab, 
and a linked man-rated experimental plat- 
form. 

These are proposed by Germany and 
Italy at a price of $1,750 million including 
development and use to 1995. 

Britain has proposed a separate, auto- 
matic platform which its developers, British 
Aerospace, claim would be substantially 
cheaper than the German-Italian platform 
proposal. 

And France has proposed that ESA 
develop Hermès, a man-rated mini-shuttle 
to be launched by Ariane at a development’ 
cost of some $900 million to 1995. A pro- 
posal by British Aerospace to develop 
HOTOL, an air-breathing launcher that the 
British company claims would be cheaper 
to use than the ‘‘60s technology” Ariane, 
and cost $550 million to develop, came too 
late to go on the ESA agenda for next 
week’s meeting. Robert Walgate 





UK research councils 





Geology to break away 


ALTHOUGH the details of the UK Natural 
yi Environment Research Council (NERC) 
“corporate plan have yet to be agreed, the 
<o staff at one of the council’s largest 
institutes, the British Geological Survey 
(BGS), are already plotting in defence. The 
existence of this plan became known only 
last month, but it is likely to be approved 
at the next meeting of the council. One of 
its provisions is that research direction 
would be centralized at NERC’s head- 
quarters in Swindon. 

A full meeting of senior officers of BGS 
last Friday determined, first, that BGS is 
opposed to the corporate plan and, second, 
that independence from NERC is its own 
preferred solution. A letter has been sent 
to all council members and assessors pro- 
testing about certain aspects of the pro- 
posed changes, but has been voluntarily 
embargoed until after the research council’s 
meeting later this week. 

In the slightly longer term, BGS is setting 
. -up a working party to establish a strategic 








plan for its own future function. In essence, 
this could be an alternative to the NERC 
proposals. Of particular concern is the 
relationship between the three often con- 
flicting functions of the survey: as a 
strategic arm of government, as a centre for 
applied earth sciences and in pure research. 
BGS intends to present detailed plans, 
covering various financial options, to 
NERC before 1 April, the date for the first 
implementation of the proposed changes in 
management structure within the research 
institutes. As the largest of them, BGS 
believes that its working party could mould 
the shape of other NERC component 
bodies and guide the future course of their 
relationships with universities, government 
departments and industry. Long-serving 
senior officers of the survey describe the 
strategic plan as the single most important 
thing that the Geological Survey has 
decided upon during their careers. Just how 

NERC will react remains to be seen. 
Peter Gambles 






























































FDA 


Ban on quack 
remedies £ 


Washington 
THE Food and Drug Administration 
(FDA) moved last week to ban the sale o 
two popular categories of quack medicine 
— hair growers and aphrodisiacs. -F 
notices published in the Federal Register 
the agency said that the products being sold 
over the counter for these purposes W 
medically worthless, though not necessarii 
harmful. : 

Most of the products in question hav 
been on the market for years. Although 
new chemical substances sold as drugs musi 
go through a lengthy premarket review b 
FDA to establish their safety and effective: 
ness as evidenced by laboratory tests and 
clinical trials, ‘‘grandfather clauses” in the. 
food and drug acts and amendments hav: 
allowed over-the-counter medicines to stay. 
on the shelves until FDA can prove them 
dangerous or worthless. The burden o 
proof in these cases thus shifts to FDA 
making for a slow process. 

The hair growers and aphrodisiacs wer: 
picked out, FDA officials say, because both 
have been heavily advertised and appearec 
to be areas of ‘‘considerable consume 
fraud”. A survey of magazine anc 
newspaper advertisements of questionabl 
health products found hair growers secon 
only in frequency to diet nostrums. 

Stephen Budiansk 


Centrifugal China © 


DECENTRALIZATION in China is spreading: 
from the management of the economy to. 
that of science. Institutes of the Chinese 
Academy of Sciences must now be given 
greater decision-making power as the 
“highest reform priority’. : 

Addressing a ‘‘working conference’ 
the academy on 13 January, Politbu 
member Fang Yi stressed that th 
academy’s programme of change 
announced in January must bring it to th 
“forefront of reform” of the country 
science and technology structure. — 

Greater involvement with industry is the 
main aim of the reform. The proposed 
changes will allow qualified staff members 
of academy institutions to work in industry. 
or higher education ‘‘so as to use their 
talent to the full’’. New technology devel- 
opment centres and companies are to be 
established to sell reseach results to clients 
in the production sector. Institutes 
concerned with applied science and tech- 
nology will be financed by a bidding or 
contract system, while a special fund will 
be established for institutes dealing with 
basic research. A special fund of 10 million 
yuan annually will be established for _ 
awards to individual scientists. 








Vera Rich a 



























































North Sea oil 3 


THE British oil industry is divided over the 
findings of a report published last 
‘November by the Equal Opportunities 
- Commission, Women in the North Sea Oil 
. Industry, which claims that the recruitment 
-of skilled personnel for offshore geological 
work is regulated by managerial 
chauvinism, and discriminates against 
“women. 
The report is the result of a year’s 
research by Robert Moore and Peter 
_ Whybrow of the University of Aberdeen. 
Although no official figures are available, 
it estimates that women employed in the 
_ British sector of the North Sea make up 
only 0.01 per cent of the 22,000 strong 
workforce, but it has to be said that this 
statistic is culled from head-counts taken at 
: Aberdeen heliport. Five years ago, a Petro- 
‘leum Training Board report found that 
women failed to progress far within the 
industry, were often over-qualified for the 
jobs they were doing, and expressed high 
levels of dissatisfaction. 
Are attitudes changing? Not swiftly 
enough, according to the authors of the 
‘eport. The volume of prejudice and mis- 
information circulated by the oil 
companies, they say, and regurgitated by 
careers officers in schools and universities, 
s bewildering. Women intent on careers as 
geologists and geophysicists, or even in 
atering, are discouraged and obstructed. 
- . The oil companies, however, say that it is 
their policy not to discriminate. Shell’s new 
platforms, now under construction and to 
be completed within the next three years, 
are equipped with smaller 2-berth cabins 
designed to accommodate women as 10 per 
ent of the workforce. Nevertheless, the 
‘Yeport claims that many companies, 
‘anxious to disguise a restrictive recruitment 
policy, in the course of the annual ‘‘milk 
round” of aspiring university students, 
frequently interview female geologists even 
though they have no intention of taking 
them on. Interviewing procedures differ 
between the sexes. While men are examined 
m grounds of technical ability, women are 
errogated about boyfriends and babies. 
wo contradictory images are assiduously 
tered by the oil companies, it is alleged 
that off-shore oil-rigs are a rough-tough 
man’s world in which women have no place 
that they are enlightened employers 
h whom women can be successful. 
Shore-based laboratory jobs offer slim 
rospects of advancement. 
When unveiling the report, Patrick 
Walker of the Equal Opportunities 
Commission explained that it was to 
rovide the basis for a general discussion 
that might precipitate government action 
to outlaw discrimination. One hope is that 
e government will apply Section 10(5) of 
the Sex Discrimination Act to the United 
ingdom Continental Shelf. Professor 
Moore, co-author of the report, says that 





Women not at sea 


successive governments have been eager 
not to do anything that would affect short- 
term production of oil. For the same 
reason, race relations laws do not cover the 
North Sea. 

The oil companies, however, dismiss the 
report. Barry Freeman, personnel director 
at Chevron and chairman of the Employ- 
ment Practices Committee of the United 
Kingdom Off-shore Operators Association 
(UKOOA), says it is ‘‘generally regarded as 
a fairly polemical document, and we don’t 
like its presentation or its assumptions’’. A 
spokesman for Shell says that it was not 
“terribly well researched” and complains 
that his company was not consulted. 
(Professor Moore disputes this.) 
Countering claims that women are not 
allocated offshore duties on the grounds of 
gender, the head of personnel at Esso, 
whose partnership with Shell constitutes 
the largest operation in the North Sea, 
explained that technicians are required to 
serve a five-year apprenticeship before they 
are eligible. “It’s a process of natural 
selection.” 

According to Professor Moore, how- 
ever, it is not the oil companies which are 
the main offenders, but the contracting 
companies which recruit 75 per cent of 
those working in the oilfield. The comp- 
anies explained that these comprise divers, 
drillers, helicopter pilots and other 
specialist service trades which normally 
exclude women. Yet diving companies do 
employ women, but only as instructors. 

Theories of natural selection cease to 


mean much when the British oil industry is 
compared with its Norwegian counterpart. 
Norwegian women are employed in a wider 
range of managerial and technical jobs 
than their British counterparts. The report 
concludes that ‘‘the Norwegian experience 
shows that women may be employed off- 
shore’’. Why is the situation in Norway dif- 
ferent? Professor Moore pinpoints the 
Norwegian trade unions’ partnership in 
North Sea exploration. ‘‘British recal- 
citrance over health and safety was in part a 
reluctance to recognize trade unionism in 
the North Sea.” A thriving merchant 
marine tradition in Norway which involves 
women has meant a proliferation of highly 
skilled female mechanics, technicians, 
radio operators and so on. 

Positive responses to the report's 
publication prompted last month’s 
formation of UK Women in Geoscience. 
This informal group of women employed 
in the oil industry is coordinated from the 
University of Aberdeen. It was thought by 
its organizers that the oil companies were 
themselves thinking of setting up a com- 
mittee to investigate and ultimately 
whitewash the sex equality issue. UK 
Women in Geoscience is intended to pre- 
empt this by broadening the debate. In 
Britain, as things are, the demand from 
women for North Sea jobs is small. Shell 
says that its recruitment of ‘‘girls’’ for its 
newly-created technicians’ training scheme 
is directly proportional to the ratio of 
applications received, approximately 5 per 
cent. If that figure is undesirably low, 
Women in the North Sea Industry 
concludes, ‘‘parents, schools, universities 
and colleges bear a responsibility.” 

Hugh Barnes 





Embryo research 


Politicians prepare action 


A BILL that seeks to outlaw experiments 
on human embryos and, possibly, the 
practice of surrogacy (see Nature 10 
January, p.83) will receive its second 
reading in the British House of Commons 
on 15 February. A meeting last week gave 
Members of Parliament who support Mr 
Enoch Powell’s private member’s bill and 
who are worried by some implications of 
the Warnock Committee’s report (see 
Nature 312, 389; 1984) a chance to put their 
case to interested members of the 
Commons and Lords with the aid of two 
visiting speakers. Dr John McLean, 
lecturer in anatomy and embryology at the 
University of Manchester, totally rejected 
the Warnock recommendations on embryo 
research, saying that the report reduces 
“the status of the human embryo to that 
of an experimental rodent, contravenes the 
code of medical ethics and must be 
rejected”. 

Robyn Rowland, a lecturer in social psy- 
chology who has recently resigned from 
Australia’s in vitro fertilization pro- 
gramme, warned of the vulnerability of 





infertile women to manipulative scientists 
who ‘‘promise they can create a child for 
them” and of the unconsidered effects of 
failure to fulfil the promise (‘86 per cent 
of cases”). She also warned against 
developments such as the artificial womb 
and placenta, genetic manipulation and sex 
pre-selection. 

The meeting unanimously concluded that 
non-medical scientists (that is, those not 
under the control of the General Medical 
Council) have too much control over legis- 
lation of the whole range of reproductive 
technologies, rather than medical practi- 
tioners and/or lay representatives of those 
directly affected. William Cash, the MP 
sponsoring the meeting, will seek to have 
a special select committee set up after Mr 
Powell’s bill is read: researchers in the field 
(such as Dr R.G. Edwards) would be 
invited to give evidence to such a committee 
before legislation is introduced. Dr 
Edwards, regretting that he had not been 
invited to Mr Cash’s meeting, nonetheless 
expressed willingness to put his case yet 
again. Maxine Clarke 
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US biotechnology 


Another joint venture 


Los. Angeles 

Yet another US corporation has joined 

the biotechnology bandwagon by pledging 
millions of dollars to help support a basic 
‘research laboratory. In exchange, the 

“company will be able to work closely with 
leading molecular biologists and to profit 
from products or ideas stemming from the 
collaboration. 

The arrangement is similar to many 
others that have been struck between 
academic research institutions and profit- 
minded corporations over the past seven or 
eight years. The trend has some scientists 
worried about academic integrity while 
others say the relationship is inevitable and 
healthy. 

The newest deal is between Pittsburg 
Plate Glass (PPG), a chemicals, coatings, 
glass and resins company in Pennsylvania, 

~-and the Scripps Research Clinics of La 
Jolia. PPG announced on 18 January that 
it would contribute $120 million over the 
next 15 years to a biochemicals programme. 
Depending on how the programme 
develops, Scripps could receive most of the 
money. 

At a press conference in La Jolla, PPG 
president Edward J. Slack explained his 
company’s goals. ‘‘We’ve been in the 
agricultural chemicals business since the 
early 1940s, and we wanted to expand that 
effort’’, he said. So the company searched 
for a first-rate molecular biology 
laboratory in which to relocate its own 
scientific team. Scripps was chosen. 

PPG scientists will work side by side with 
Scripps scientists, renowned for protein 
analysis through peptide synthesis. Scripps 
researchers will isolate proteins specific to 
certain weeds. PPG scientists will then 
target herbicides to inactivate the selected 
proteins. ‘‘We believe we can develop 
highly effective agricultural chemicals 
without side effects that may damage the 
environment’’, Slack says. 

Hitherto, Scripps scientists have 
generally not worked on plant materials. 
A new plant molecular biology laboratory 
will be built to house the new programme. 

Scripps was given its present molecular 
biology complex thanks to a similar deal 
signed nearly three years ago with Johnson 
and Johnson (J&J). Pharmaceuticals house 
scientists work closely with Scripps 
scientists in biomedical research. Although 
J&J has never said how much it contributes 
to Scripps each year, a major portion of 
the $6.2 million that Scripps received last 
year from industrial sponsors is said to 
have come from J&J. 

In their agreement, J&J scientists get first 
review of scientific papers flowing from the 
molecular biology laboratory. They can 
select items to be patented, although 
Scripps owns the patents. J&J has exclusive 
_ licensing rights. No patents have yet been 
announced by either party. 


Most major research institutions seven 
or eight years ago realized that, as National 
Institutes of Health funding began to level 
off, outside funding was needed, says 
Scripps director Charles Edwards. ‘‘It was 
obvious to turn to industry. It is difficult 
[for industry] to put together the kind of 
research establishment we have here. So the 
marriage of the two is natural’’. 

Critics of such marriages, however, raise 
several points. The nature of biology is 
changed. Every academic biologist of 
quality is signed up by one company or 
another. The fear is that the direction of 
molecular biology will be diverted from 
following the goals of individual scientists 
to following industry’s goals. 


The tradition of biology teaching «is 
changed. Top scientists tend to support top 
students. The message to today’s young 
biologists is that in order to be smart, you 
have to be rich. 

Trust in universities could be eroded. 
Public funding of academic institutions has 
meant that citizens could turn.to 
universities for unbiased, disinterested 
advice. When the advice is no longer 
disinterested, the public is cheated. 

Companies could invoke the right of 
keeping information a trade secret (rather 
than taking out a patent) which would deter 
the flow of information through the 
academic community. 

Finally, academic researchers cry “foul? 
when the Department of Defense asks for 
prior review of any research but allows 
private enterprise such prior review with no 
complaint. Sandra Blakeslee 





Soviet refusniks 


Traps of black market 


Paris 

JEWISH refusnik scientists in the Soviet 
Union are more than ever dependent on 
colleagues abroad for moral and profes- 
sional support, according to an inter- 
national round table held here last week. 
But some forms of help should be avoided. 
One such suggestion, made at the press 
conference following the round table, 
brought an impassioned warning from Dr 
Aleksandr Voronel, himself an ex-refusnik 
and the founder of the Moscow ‘‘Sunday 
seminars’’, that some actions could make 
the refusniks’ already unpleasant plight 


How to help 


THE refusniks’ own views on Western help 
as expressed in a letter to the round table 
participants are as follows. 

© Their only aim is to go to Israel. If direct 
travel there were a condition of emigration 
they would be delighted to accept it. (In 
other words, they do not want to “‘drop 
out” in Vienna and go to the United States, 
a growing practice in the later 1970s, and 
one which the Soviet authorities sometimes 
cite as a reason for refusing visas.) 

@ Western colleagues should press for 
them to obtain visas to emigrate. Substitute 
concessions, such as reinstatement in their 
professional jobs, freedom of contact with 
colleagues and correspondence abroad and 
so on are unacceptable, and in any case are 
liable to be ‘‘ambiguous and temporary’’. 
© At the same time, they ‘cordially in- 
vite” more colleagues to visit them and 
their seminar. They deplore the recent 
tendency among some Soviet scientists (not 
officials) who put pressure on Western 
visitors not to visit the refusniks, on the 
ground that this could be harmful to the 
visitors themselves. Such pressures, the 
refusniks say, are ‘‘devoid of all substance” 
and should be ignored. Vera Rich 








much worse, even exposing them to risk of 
long-term gaol sentences. 

The suggestion in dispute was that 
visitors to the Soviet Union should take 
with them technically sophisticated goods 
which the refusniks would then. sell 
privately. Since many refusniks have been 
barred from professional work since filing 
applications to emigrate, some more than 
ten years ago, and have long-since:e¢: 
hausted their savings, the notion that th 
might be helped by selling western goods 
privately obviously seemed a good idea to 
one naive well-wisher. But although such 
“left-handed” trading is a feature of Soviet 
life, what might be tolerated in a citizen 
otherwise in good standing with the auth- 
orities might be unacceptable in a refusnik. 

Such naivety, in a scientist sufficiently 
interested in the fate of the refusniks to turn 
up at a meeting on the subject, bodes ill for 
the knowledge of the less committed, In- 
deed, even the organizers of the round 
table, the International Committee of Se 
entists for Soviet Refusniks, seemed at 
times a little hazy, departing from the 
refusnik consensus that they must avoid 
being confused with Soviet dissent to:the 
extent of arranging for the one session 
about Dr Andrei Sakharov who, although 
he has a Jewish wife, is not a refusnik. 

According to reports presented last week, 
Jewish emigration from the Soviet Union 
is now virtually at a standstill, and there 
has been a considerable increase in the 
number of trials of refusniks. 

What Western scientific colleagues can 
do to help is not entirely clear. Last week's: 
round table rehearsed the old debate be- 
tween boycotting of scientific contacts with 
the Soviet Union and personal pressure on 
Soviet colleagues within the framework of 
normal scientific discourse. The Inter- 
national Committee last week adopted a list 
of long-term cases for whom special efforts- 
will be made. Vera Rich 








Agriculture R & 
Sik — Without entering into the substance 
of the debate that W.S. Wise raised in his 

“Jetter (Nature 3 January p.8), there is one 
comment I would like to make. 

There are, of course, many ways of 

“combining measures of volume of research 
and development with other statistics, such 
as Gross Domestic Product or the number 
in the population. Some may illuminate 
issues such as how the United Kingdom 
compares with other similar nations in the 

“field of research and development funding. 
One such combined indicator was quoted 
in the Annual Review of Government- 

funded R&D. It concerned the volume of 
expenditure by government on research 
and development specifically to improve 
productivity and competitiveness of an 
industrial sector by comparison with the 

“importance of that sector to the nation’s 
economy. The Annual Review gave figures 
for a number of countries showing how 

many units of national currency the 
¿government spends on research and 
development for an industrial sector for 
every thousand units of currency earned by 
that sector for the economy. The purpose 
was to compare UK government priorities 
for industrially related research and 
development with those of other countries, 

“taking account of the different economic 
significance of each industrial sector to 
each country. 

To have added in university funding for 

„agriculture research and development 
would simply have resulted in the 
comparison of some other quantity: 
university priorities in basic research are 

“not necessarily the same as government 

industrial sponsorship priorities. 

Similarly, to have used population as a 

normalizing factor results in a less relevant 

comparison. I should also add that the 

Organization for Economic Cooperation 


Misquoted 


ESIR — In your report (1 November 1984, 
p.7) on my talk at the dedication of the 
: Monsanto Company’s new Life Sciences 
Center, Pm said to have ‘attacked the 
government practice of supporting work 
by a single investigator in a single depart- 
-ment...”’. What I actually said, in the 
‘context of discussing interdisciplinary 
research, is ‘‘that the project grant 
“mechanism implicitly assumes a single 
“principal investigator working within a 
-single department. That is increasingly not 
‘the case.” 

For the record, I continue to regard 
grants to individual investigators as the 
single most powerful reason for the sus- 
tained excellence of American basic 
research. FRANK PRESS 


National Academy of Sciences, 
2101 Constitution Avenue, 
Washington, DC 20418, USA 








and Development (OECD) was the primary 
source of data in order that the United 
States and Japan could be included in the 
comparisons; as Mr Wise acknowledged, 
the OECD data do not allow the 
comparison that he has carried out for 
European countries. 

I would not argue that either of the 
measures Mr Wise proposes are non-valid 
or necessarily less valid than the ones 
chosen for the Annual Review. I would 
simply suggest that they are different, and 
do not quite address the issue that the 
review was considering. 

I would also like to point out that the 
published Annual Review represents the 
government's desire to make available 
generally the factual material that was used 
in the 1984 review, and so to facilitate 
informed debate such as the one Mr Wise 
has initiated. It would be inappropriate for 
such a document, which is essentially 
Statistical in nature, to have attempted to 
capture a ‘‘spirit of enterprise” as he 
suggests at the end of his letter. 

ROBIN NICHOLSON 
Chief Scientific Adviser 
Cabinet Office, 
70 Whitehall, 
London SWIA 2AS, UK 


Conditions for 
disarmament 


Sır — R.I.P. Bulkeley’s objection to our 
defence-protected build-down (DPB, 
Nature 312, 301; 1984) is a valid one if, as 
he assumes, the defence is deployed to pro- 
tect cities. However, in our longer descrip- 
tions of our proposal (for example, The 
Bulletin of the Atomic Scientists 40, 18-23; 
1984) we make clear that DPB would 
initially be deployed only to protect the 
strategic, land-based force which is 
perceived by the other side as posing a first- 
strike threat. This defence might be short- 
range terminal anti-ballistic missile (ABM) 
interceptors, swarm-jet or even decoy holes 
(which, though passive, achieve the same 
objective as do active terminal defences). 

Thus even if the side which has adopted 
DPB strikes first with only 90 per cent of 
the force it had before deploying its 
terminal defence, the ‘‘ragged’’ counter- 
attack would still be sufficient to destroy 
the attacker’s cities. In short, we do not 
visualize DPB as eliminating deterrence by 
Mutually Assured Destruction (MAD), but 
simply as starting a process which, at each 
stage, lowers the level of violence at which 
MAD operates. 

We do not insist on precise mathematical 
equivalence at each stage. DPB, confined 
to terminal defence of land-based missiles, 
makes unilateral reduction of the first- 
strike weapons politically feasible. We 
should expect that such a move (confined 
to protection of missile sites) could not be 








perceived as threatening by the other side 


since, if first strike were intended, it is 
illogical to dismantle some of one’s first- 
strike weapons. Whether de-escalation 
under DPB continues depends, of course, 
on each side’s recognizing that reduction 
of first-strike weapons is the best possible 
evidence that a first-strike is not intended. 
This, coupled with constraint on deploy- 
ment of ABM around cities, could lead to 
a gradual de-escalation of both sides’ 
offensive nuclear arsenals. That stability 
still depends on MAD is a dismal reality; 
perhaps, if DPB leads to sufficiently deep 
reductions in first-strike weapons, MAD 
might eventually be replace by Mutually 
Assured Survival—but this is far from 
today’s reality. 

ALVIN M. WEINBERG 

JACK N. BARKENBUS 
Institute for Energy Analysis, 
Oak Ridge Associated Universities, 
PO Box 117, 
Oak Ridge, Tennessee 37830, USA 


Human embryos 


Sir — So the House of Commons opening 
debate on the Warnock Report was 
‘*muddled’’, ‘‘down-at-heel’’ and peppered 
with some laughable ‘‘misunderstandings’’ 
(Nature 29 November, p. 389). Of course 
those who were hoping — as you were — 
that liberal opinions on human embryo 
experimentation would win the day, will 
have been disappointed by the mainly pro- 
life speeches. The fact is that there are 
many others (recent polls and petitions 
would suggest a majority of millions in the 
United Kingdom) who are saying ‘‘No’’ to 
most of Warnock’s recommendations and 
the research-must-go-on ethic. As you 
know, most are persuaded, from scientific 
as well as other evidence, that human life 
begins at conception. The human zygote is 
therefore a fellow human being and, as a 
consequence, worthy of all the protection 
we afford ourselves. As a leading article in 
New Scientist put it, ‘‘the idea of experi- 
menting on human embryos leaves a nasty 
taste in the mouth’’. And as you rightly say 
(Nature 308, 1; 1984), ‘‘the sources of 
anxiety should be identified and recognized 
... but each of them must be met’’. If there 
really are convincing legal, logical, moral 
or scientific arguments that would make re- 
search on human embryos acceptable, then 
let’s have them; clearly Warnock was not 
able to raise many. 

To you, the opportunities in this field of 
experimentation may be ‘‘exciting and 
important’’; to the great British public and 
many of your readers, that is not the 
measure of what is right and proper. These 
experiments are considered to be sinister 
and inappropriate and to be forbidden. 

JOHN R. LING 
Department of Biochemistry 

& Agricultural Biochemistry, 
University Callege of Wales, 

Penglais, Aberystwyth, 
Dyfed SY23 3DD, UK 
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‘Towards fivefold symmetry? 


Crystallography is in for a minor upheaval, with the recognition of forbidden 
_ icosahedral symmetry by both construction and experiment. 


THAT crystals never have fivefold axes of 
“symmetry has been part of the doctrine of 
crystallography since 1895, when Fedorov 
first. classified the admissible symmetry 
= groups. The reasons are straightforward. 
. Consecutive rotations of an infinite crystal 

lattice in either sense about one or more 

symmetry axes must. yield an identical 
Structure, identically placed in space. But 
-rotations by 27/5 in opposite directions 
about neighbouring fivefold axes would 


break this rule. 


$- Grandly, it might be said that the 
inadmissibility of fivefold crystal 
symmetry says something about the 
character of two and three-dimensional 
space. Similarly, it is not possible to tile a 
plane with equilateral polygons or to fill 
three-dimensional space with icosahe- 
drons, the regular twenty-faced polyhedra 
most easily described as a pair of opposed 
pentagonal pyramids fashioned from 
equilateral triangles and joined together, 
base to base, by a band of ten opposed 
» identical triangular faces. 

| Both by. accident and design, people 
have been whittling away at these 
restrictions for the past decade, ever since 
the demonstration by R. Penrose (Oxford) 
that, although it is not possible to tile the 
two-dimensional plane with regular 
pentagons, that can be done with a pair of 
specific rhombi so as to give a pattern with 
local fivefold symmetry (see figure). The 
price for this is that the pattern lacks the 


“translational symmetry of a familiar 


` lattice. The argument has been extended to 
three dimensions by A.L. Mackay 
» (Birkbeck, London), who has shown that 
“space can be packed by acute and obtuse 
rhombohedra (see, for example, Physica 
114A, 609; 1982). Again, translational 
symmetry is forfeit to the gain of local 
fivefold rotational symmetry. 

The bearing of all this on real 
crystallography is far from remote. The 
textbooks are mostly about infinite and 
perfect crystal lattices, but real crystals 
may be small and imperfect. Indeed, X-ray 
diffraction patterns with fivefold 
symmetry have been reported from gold, 
and interpreted as a consequence of 
twinning on the microscopic scale of the 
unit cell. But fivefold symmetry should 
also occur if, for example, metals are 
deposited from the vapour, when 
icosahedral packing should be ener- 
getically favoured. In November last year, 
Schechtman et al. (Phys. Rev. Lett. 53, 
1951; 1984) described the recognition by 





means of electron diffraction of 
icosahedral symmetry in grains of a 14 per 
cent alloy of Mn in Al, arguing for long- 
range order of some kind. 

This mixture of theorizing and 
observation has now been put on a broad 
foundation by D. Levine and P.J. 
Steinhardt (Phys. Rev. Lett. 53, 2477; 
1984) in a summary of largely unpublished 
theoretical investigations. The objective is 
to provide a framework for discussing what 
they call ‘‘quasi-crystals’’. 

Again, the starting point is the Penrose 
tiling of the plane. The outstanding feature 
of that network is that it lacks translational 
symmetry, but it has long-range order in 
that the orientations of the nearest- 
neighbour bonds (ten altogether, in five 
oppositely directed pairs) are constant 
throughout the network. This is the 
prototype of the quasi-crystal. Bond 
orientation takes over from translational 
periodicity. 
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But how to describe a quasi-crystal 
analytically? Here is the recipe, for a two- 
dimensional net. Define a set of unit 
vectors e; oriented along the axes of the 
underlying polygon, where the index į runs 
from 1 to N, the order of the polygon. Each 
lattice point can be defined as a linear 
combination of any two of these vectors, 
with coefficients x; say, but the 
requirement that the lattice should be a 
quasi-crystal is that the sequence of 
projected lattice distances x; should be the 
same for all the vectors e,. 

This qualification is not a mere nuisance 
but the essence of the problem. Levine and 
Steinhardt conclude that the allowable 
coordinates for quasi-crystals in two or 
three dimensions are the positions of lattice 
points in some one-dimensional quasi- 
periodic sequence, itself constructed by 
means of a specific set of rules of which the 
simplest (leading to the Penrose lattice) is 
the sequence due to Fibonacci, the thirt- 
eenth century Italian who made arabic 
numerals fashionable in Europe. 


The rule is simple. Let there be two 
intervals of length, rand s, and construct-a 
sequence iteratively, by replacing r by rs 
and s by r. It is easily seen (by starting with a 
sequence consisting only of r or s} that the 
result is the successive addition of new 
pieces to what is otherwise a steadily 
lengthening string of intervals, which may 
be thought of as a one-dimensional lattice 
(defining the coordinates x,): The 
arrangement is plainly not random; pairs 
of the intervals s never occur in sequence, 
for example. But it is also not periodic. 
Moreover, for a sufficiently long sequence, 
the intervals r and s occur in the ratio (1+ 
V572, the golden mean of antiquity which — 
is also one of the solutions of the equation | 
t? = 7 + 1. If the intervals rand sare also 
in the ratio of the golden mean, the resultis 
a quasi-periodic sequence that defines the 
Penrose pattern. a 

Much of the interest in what Levine and | 
Steinhardt have done is their generalization 
of this procedure. Their schemes for 
constructing other quasi-periodic 
sequences for defining lattice coordinates 
will provoke a search for other kinds of | 
forbidden symmetry. The applications to 
three dimensions are described only. 
heligraphically, but Levine and Steinhardt 
appear to have recovered Mackay’s result 
that icosahedral symmetry in three 
dimensions can be obtained from a set of 
interpenetrating rhombic tricontrahedra ` 
(shapes with 30 faces, 32 vertices and 60- 
edges). This analytical account should 
stimulate both the study of other quasi- 
symmetries and the calculation of their 
physical properties. 

Levine and Steinhardt produce their 
most startling success in this second 
connection, with a calculation of the X-ray 
diffraction pattern from a quasi-periodic 
icosahedral crystal. That a quasi-crystal 
should yield diffraction spots is not all that- 
surprising, for the lattice must be built 
from a small number of recurring intervals: 
But the big surprise is that Levine and» 
Steinhardt recover almost exactly the- 
pattern found by Schechtman et al. ; 

For crystallographers, the implications 
are far-reaching. There will be a search for: 
other forbidden symmetry. What the new 
theory suggests for crystal growth “is 
intriguing; which regular lattices most 
closely correspond to those of which quasi- 
crystals? What about band-structure in 
quasi-crystals? Whatever the outcome, 
crystallographers will have to mug up some 
unfamiliar mathematics. John Maddox 

























































from Jennifer Altman 


THE testing and disproof of hypotheses is 
the substance of science but it is not often 
that we have the opportunity to witness the 
simultaneous overthrow of a long-standing 
“dea and presentation of evidence that 
firmly establishes the alternative. Such a 
‘treat was the high point of arecent Dahlem 
conference on the mechanism of photo- 
-reception*. Fourteen years after it was first 
suggested, the hypothesis that calcium is 
the messenger that couples photoacti- 
“vation of rhodopsin in photoreceptors of 
the vertebrate retina to the hyperpolar- 
ization of the surface membrane no longer 
< seems tenable. Instead it has been estab- 
lished that cyclic GMP keeps the light- 
«sensitive channels open in the dark and that 
its light-activated hydrolysis allows the 
channels to close. The experimental basis 
for these claims will be presented in a series 
of papers in this and subsequent issues of 
Nature**, Even more exciting, we are, for 
-the first time, coming close to understand- 
‘ing the molecular mechanism underlying 
transduction — the conversion of stimulus 
energy to electrical signal — in any sensory 
receptor. 
` The rod photoreceptor, responsible for 
monochromatic vision in dim light, is a 
tripartite structure (see figure). The trans- 
‘duction process takes place in the rod outer 
“segment (ROS), which contains membran- 
“ous disks carrying the photosensitive 
‘pigment, rhodopsin. Impinging photons 
activate rhodopsin molecules and result in 
a potential change across the ROS plasma 
membrane. Unlike other excitable cells, 
rods are active when unstimulated: in the 
dark, the ion channels in the plasma mem- 
brane (‘light-sensitive’ channels) are open 
‘and the continuous inflow of sodium ions 
-gives rise to the ‘dark’ or photosensitive 
current 6, with the consequence that the 
receptors are depolarized. Illumination 
causes the channels to close so that the 
< whole receptor (ROS, inner segment and 
synaptic terminal) hyperpolarizes and 
transmitter release is reduced. 

«Tt has long been accepted that the trans- 
duction process requires an internal 
messenger’. As the reduction in the light- 
sensitive current starts a millisecond after 
intense illumination, the messenger is likely 
to be a small, diffusible ion or molecule. 
One long-held hypothesis has been that 
‘calcium is released from the disks by 
rhodopsin activation and diffuses to the 
lasma membrane, where it blocks the 
ight-sensitive channels'. An alternative 
hypothesis, first proposed about the same 
time’, is that a cyclic nucleotide serves as 
messenger. Although biochemical analyses 
long ago showed that light activation of 


+The Molecular Mechanism of Photoreception’, Berlin, FRG, 
n 38430 Novemiber 1984. 


New visions in photoreception 


rods triggers a cascade of enzymatic react- 
ions leading to the hydrolysis of cyclic 
GMP®°, this idea has been slow to be 
accepted because the enzyme reactions 
have not been considered rapid enough to 
account for the response. 

Evidence in support of the calcium hypo- 
thesis was never wholly convincing. Some 
of the bound calcium in the rods may be 
released on illumination (although recent 
measurements make this doubtful’) and 
if the calcium concentration inside the 
rod (Ca,) is raised artificially, the light- 
induced hyperpolarization is reduced, 
which could be due to calcium blocking 
light-sensitive channels. But the basic 
requirement of the hypothesis, that light 
induces a rise in Ca;, is now a matter of 
controversy. At the meeting, support for 
an increase of Ca, with illumination came 
from G. Fain (University of California, 








Los Angeles), who used microanalysis of 
shock-frozen, freeze-substituted sections 
of frog retina''; and from J. Korenbrot 
(University of California, San Francisco), 
who measured calcium efflux from intact 
toad retina with a calcium-sensitive elec- 
trode'?. Both these results have recently 
been challenged !®'3, while new experi- 
ments reported by Yau and Nakatani*!* 
suggest strongly that Ca, falls rapidly on 
illumination and only recovers in the dark. 
Recording transmembrane currents from 
intact, isolated rods, they find that both 
sodium and calcium enter through the 
light-sensitive channels in the dark but 
once the channels are closed there is only a 
transient efflux of calcium. They interpret 
this as showing that in the dark a calcium 
influx through the light-sensitive channels 
is balanced by efflux through the light- 
insensitive sodium/calcium exchanger '4, 








“also located in the plasma membrane. 


When the light-sensitive channels close on 
illumination, the calcium influx ceases but 
the efflux continues for about 0.5 seconds 
until Ca; falls so low that the exchanger 
stops working. Thereafter, Ca; remains 
low as long as the light is on. Yau and 
Nakatini’s conclusion is supported by the 
new measurements of calcium fluxes in the 
whole retina made by Gold ©. 

The question of Ca; levels will be 
resolved only by direct measurements 
but this presents an extremely diffi- 
cult technical problem. There is, how- 
ever, additional evidence that changes 
in Ca, levels do not directly affect the 
photosensitive current. Isolated rods 
bathed in a solution containing no free 
calcium still produce photoresponses 
(U.B. Kaupp, Universitat Osnabriick). If 
Ca; rises, it apparently does so too slowly 
to account for the speed with which 
light-sensitive channels shut (P.A. 
McNaughton, Cambridge University). 
Moreover, when calcium buffers such as 
EGTA or BAPTA, which oppose changes 
in calcium concentration, are incorporated 
into isolated rods, the onset and rising 
phase of the response to bright flashes are 
not affected (T.D. Lamb, Cambridge 
University and ref. 4). Taken together 
these experiments weigh heavily against 
calcium as the internal messenger. 

Several other contenders for the inter- 
nal messenger have been mooted but only ` 
cyclic GMP has received serious recent 
support (W.H. Miller, Yale Medical 
School). Miller and Nicol demonstrated in 
1979 that cyclic GMP injected into rods 
causes reversible depolarization, which is 
antagonized by light”, but they did not 
prove that it was the light-sensitive con- 
ductance which was affected. This has now 
been demonstrated using a patch electrode 
to incorporate cyclic GMP into whole rods 
and measuring the current only in the 
ROS*°, all of which is light-sensitive’. In 
the dark only about 10 per cent of the light- 
sensitive channels are open at one time", 
so that the increased depolarization seen 
when exogenous cyclic GMP is introduced 
suggests that cyclic GMP is a negative 
messenger that keeps channels open in the 
dark. Channel closing probably results 
from the hydrolysis of cyclic GMP to 
5'-GMP by a specific phosphodiesterase, 
which is turned on by a high-gain chain of 
reactions starting with photoactivation of 
rhodopsin and mediated by a guanine- 
nucleotide binding protein, sometimes 
called G protein or tranducin (see ref. 16). 

Attempts to measure changes in the 
cyclic GMP concentration inside rods with 
illumination have, however, been equi- 
vocal (Miller), possibly because much of 
the cyclic GMP is bound, leaving only a 
small active pool (P.J. Stein, Yale Medical 
School and ref. 17). Cyclic GMP hydrolysis 
is balanced by resynthesis promoted by 
guanylate cyclase. Even in the dark this 
flux is high, equivalent to turning over the 
whole pool in two seconds. This has led to 
















THE meeting on the molecular 
mechanism of phetoreception was the 
fortieth workshop run by the Dahlem 
Conferences and marked the tenth an- 
niversary of the organization with a 
flourish. 

Founded in 1974 by the German Assoc- 
iation for the Promotion of Sciences and 

“Humanities in cooperation with the 
‘Deutsche Forschungsgemeinschaft, the 
Dahlem Conferences are financed by the 
founders, the Senate of the City of Berlin 
and various commercial interests. They 
aim to promote the international interdis- 
ciplinary exchange of scientific informa- 
tion and ideas, and to stimulate interna- 
tional. cooperation in research. Four 
meetings a year are held in Berlin, usually 
three on biological topics and one in 
physical sciences. The areas chosen are 
usually complex and tend to cut across 
traditional subject boundaries. 

The success of the meeting lies in the 
format of the workshops, which has been 
developed, under the leadership of the 
director, Dr. Silke Bernhard, to ensure a 
high level of discussion. About 40 
participants from all over the world are 
invited to each meeting, with a number 

of places reserved for German research 

students. Background papers are cir- 






















the suggestion that the high energy 
turnover involved in the flux, rather than 


absolute concentrations. of cyclic GMP, 


- could play the key role in phototransduct- 
ion (N. Goldberg, University of 
Minnesota). The alternative, and more 
likely, view is that the energy stored in the 
cyclic GMP molecule does not have to be 
harnessed on hydrolysis but rather ensures 
that hydrolysis has a high activation 
threshold and proceeds very rapidly once 
initiated — both necessary properties for a 
good switching mechanism. A bucket of 
water on a high building is a good analogy: 
stable until pushed off the edge, when it 
falls rapidly (E. N. Pugh Jr. University of 
Pennsylvania). In the rod, small local con- 
> e@ntrations of cyclic GMP at the 
channels would be sufficient, and K.-W. 
Yau (University of Texas, Galveston) gave 
an estimate of I ~ 15 uM of free cyclic GMP 
per rod. 

Up to now, however, there has only been 
speculation about the way that cyclic GMP 
could control the photosensitive current. 
The most common model, derived from 
other cyclic nucleotide messenger systems, 
involves phosphorylation of channels in 
the dark to keep them open, using a cyclic 
GMP-.-activated kinase, and a phosphatase 
to dephosphorylate the channels and close 
them when cyclic GMP levels drop in the 
light. So far, cyclic GMP-dependent 
kinases and phosphatases have not been 
convinvingly demonstrated in rods (M.D. 
Bownds, University of Wisconsin). On 
- theoretical grounds, Pugh argued that a 
-= kinase/phosphatase mechanism is unlikely 





Ten years of Dahlem Conferences 















culated before the meeting so that the 
four small discussion groups within each 
workshop can concentrate on areas of un- 
certainty and identify new questions and 
directions. The discussions of each group 
are presented as a summary report at a 
final meeting of all participants, and then 
revised in the light of this debate. These 
reports, together with the background 
papers, are published rapidly as a book 
in the series ‘Dahlem Workshop Reports’. 

Each Workshop lasts a week and gives 
plenty of opportunity for informal meet- 
ings between participants, outside the 
working sessions. This has faciliated 
many international and interdisciplinary 
collaborations and allows people to dis- 
cuss points of difference in private. As a 
mark of its success, the ‘Dahlem model’ 
has been adopted as a basic format for 
many other conferences. 

The anniversary was celebrated on 12 
December 1984 with a seminar for the 
founders and sponsers, at which six part- 
icipants of previous Dahlem conferences 
recounted their impressions of the 
meetings and described the effects on 
their subsequent research, 

Topics for the 1985 workshops are bio- 
technology, phanerozoic life and mech- 
anisms of cell injury. Jennifer Altman. 



































as it would be energetically too costly, 
because of the speed of the photoresponse 
(see also ref. 5). 

His argument received experimental 
support at the end of the last discussion 
session, when Yau electrified the whole 
meeting by describing experiments by 
Fesenko et al.? and his own group (un- 
published), where bathing the inside of 
isolated patches of ROS membrane with 
cyclic GMP produced a rapid, reversible 
increase in conductance. The effect is not 
dependent on ATPase or GTPase and 
occurs in the absence of kinases and 
phosphatases. Changes in calcium concen- 
tration, in the absence of cyclic GMP, have 
no effect on conductance at all. This is clear 
evidence that cyclic GMP acts directly on 
the channels to keep them open, probably 
by cooperative, allosteric binding. Similar 
observations of conductance changes 
controlled directly by cyclic GMP have also 
been made for disk membranes in vitro 
(ref. 18; Kaupp). 

The idea of channels held open in the 
dark by cyclic GMP fits well with data on 
channel kinetics 5. The light-sensitive ROS 
channels are far smaller than any other 
known channel — they pass an average 
current of 4 x 10-A. In the dark about 
10,000 per rod are open at once, with a 
mean open time of 2 ms. Light reduces the 
opening rate; that is, once channels close 
they do not open again, which is consistent 
with the idea that cyclic GMP is removed 
by hydrolysis in the light. 

Even so, the game is not yet over. Both 
Matthews et a/.*and Cobbs and Pugh‘ find 
































that exogenous cyclic GMP does not slow’ 
the rising phase and prolongs the duration 
of the photoresponse, both inconsistent 
with the idea that a simple binding of cyclic 
GMP keeps channels open. Although the 
allosteric binding reported by Fesenko’ ët 
al.” goes some way to resolving this anom- 
aly, theoretical analysis indicates that the 
free cyclic GMP would have to be much 
lower than published estimates and that th 
bound cyclic GMP must be inexchangeable_ 
on the time scale of the rising phase of the 
photoresponse>. Moreover, although it is 
no longer creditable as the messenger, 
calcium seems to play some role since Ca; 
the rod is carefully regulated? — it could be 
involved in adaptation of the light response 
by modulating enzymic activities.: Mori 
intriguing still is the recent aori 
of inositol trisphosphate {ins P3) in ve 
tebrate photoreceptors and the possibility 
that there are branched pathways in the 
transduction mechanism (J.E. Brown, 
Washington University, St. Louis), 
particularly as Ins P, seems to be involved 
in releasing bound calcium i in many cells". 
So although the results of Fesenko et al. 
and Yau are a breakthrough in 
understanding phototransduction in 
vertebrate rods, clearly there are still. 
baroque complexities to be unravelled. 

Are these features specializations of 
photoreceptors, or could they have far- 
reaching implications? This is the first time 
that a cyclic nucleotide has been shown to. 
regulate any channel directly, rather 
thanthrough protein phosphorylation; 
are other examples waiting to be found? 
Are the tiny light-sensitive channels, 
carrying currents that are within the noise 
level of patch clamp recordings, unique to. 
the ROS, or could they be lurking among 
the larger channels in other excitable 
membranes? The highly sophisticated 
techniques needed to work on tiny 
photoreceptor cells are providing new 
challenges to those working on ostensibly 
more straight-forward systems. a 
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from Lionel Wilson 


» BECAUSE compounds are generally much 
-more soluble in magmas at the high pres- 
sures of their mantle source regions than 
at the surface, volcanoes generally release 
-gases. But the rates of gas release are dif- 
ficult to quantify. Thanks, however, to the 
excellent long-term monitoring programme 
of the US Geological Survey’s Hawaiian 
‘Volcano Observatory, T.M. Gerlach and 
E.J. Graeber of the Sandia National Lab- 
oratories have been able to estimate the 
volatile budget of Kilauea, most active of 
the Hawaiian volcanoes, over the past 27 
years. Their results are published on page 
273 of this issue. 
Like many volcanoes, Kilauea has a 
high-level magma storage zone, consisting 
of a network of dykes and sills. Parental 
basaltic magma, rising at a fairly constant 
orate from deep mantle sources, is either 
erupted directly to the summit area or 
stored causing inflation of the volcanic 
edifice. If direct eruption takes place, as 
commonly occurred before 1924, the re- 
leased gases will be typical of the volatile 
content of the source regions at depth. 
Gerlach and Graeber, who call these 
volatiles Type I gases, suggest that a sample 
of such gases has only once been collected 
without significant contamination by air 
or atmospheric water (by J.A. Jaggar in 
1917-18). This sample contained about 
59% carbon dioxide, 18% water vapour 
and 10% sulphur (as sulphur dioxide) by 
weight, with traces of carbon monoxide, 
hydrogen, hydrogen sulphide and hydrogen 
chloride. 
~~ Since 1924, direct eruption of parental 
magma at Kilauea has been rare; instead, 
magma is stored in the summit reservoir, 
-exsolving volatiles until equilibrium is 
< reached with the local pressure. Pre- 
sumably these excess volatiles either leak 
to the surface or become involved in 
chemical reactions, perhaps in near-surface 
hydrothermal systems. Intermittently, 
magma migrates sideways into the east or 
south-west rift zones to erupt at distances 
up to tens of kilometres from the 
ummit. The amounts of volatiles (termed 
Type H gases) released at the vent represent 
he difference between the equilibrium 
States in the storage zone and at the sur- 
face. Samples of these gases (collected by 
several scientists in recent years) consist of 
about 69% water vapour, 22% sulphur 
(mainly as sulphur dioxide) and 8% carbon 
_ dioxide by weight, with small amounts of 
-hydrochloric acid, hydrogen fluoride, hy- 
drogen and traces of atmospheric gases. 
-. Knowing the relative amounts of these 
volatile compounds in Types I and II gases 
is, however, only the first stage of estab- 
lishing the absolute amounts released by the 
erupting magma. The key link comes from 


Volcanic gas release rates 


a comparison of the sulphur contents of 
three types of erupted material: samples of 
spatter from vents on land; samples of lava 
erupted underwater from vents forming an 
off-shore extension of the east rift zone; 
and glass inclusions in olivine crystals 
forming part of the erupted magma. 

The spatter samples represent droplets of 
magma which have had ample opportunity 
to release all their excess volatiles while 
forming part of a fire-fountain above the 
vent. The submarine lavas, on the other 
hand, have been subjected to water pres- 
sures high enough to cause them to retain 
essentially all of the volatiles present in the 
storage zone. Finally, the glasses trapped 
inside olivine crystals should have had no 
opportunity to release any volatiles since 
leaving the parental magma source in the 
mantle. Thus, the difference between the 
sulphur contents of the spatter samples and 
the submarine lavas should give the abso- 
lute weight fraction of the sulphur lost by 
the magma into Type II gases, and the dif- 
ference between the sulphur contents of 
spatter samples and glass inclusions should 
give the absolute amount of sulphur lost 
to Type I gases. It is then a simple matter 
to convert the ratios of the amounts (relat- 
ive to sulphur) of the other compounds that 
are present in the gases to their absolute 
weight fractions. 

From the well-documented volumes of 
lava erupted from Kilauea in Type I and 
Type H activity since 1956, Gerlach and 
Graeber calculate a total volatile budget 
which shows that, on average, anthropo- 





genic inputs of carbon dioxide and sulphur - 
dioxide to the atmosphere exceed those of 
the volcano by factors of 15,000 and 380, 
respectively. It would, of course, be very 
valuable to have the same kind of informa- 
tion for other commonly-active voicanic 
centres, so that a global budget could be 
calculated, but several-factors conspire to 
make this difficult. First, the physical col- 
lection of uncontaminated gas samples near 
volcanic vents is never easy; remote-sensing 
methods of gas analysis using spectroscopic 
methods are effective but have difficulty 
dealing with the minor components of the 
mixture. Second, whereas Kilauea fortuit- 
ously provides lava samples in submarine 
eruptions which are typical of the magma 
in high-level storage, in general such 
material is not available. (The alternative 
technique of analysing glass inclusion in 
magmatic crystals for evidence of the pre- 
eruption magma chemistry is becoming 
accepted as reliable, but there is sometimes 
considerable ambiguity as to the depth in 
the volcanic system at which the entrap- 
ment took place.) Third, the Hawaiian 
Volcano Observatory monitors the volu- 
metric output of Kilauea with a thorough- 
ness that is seldom matched elsewhere; and, 
finally, many volcanoes show a greater 
variation of magma chemistry with time 
than does Kilauea, so that it would require 
reliable data from every eruption for cal- 
culation of an accurate budget. 

Gerlach and Graeber’s work has under- 
lined what can be done by careful study. 
Only with strong financial support for vol- 
cano monitoring will it be possible to carry 
out this kind of analysis of other active 
centres. E 
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Psychophysics 


Structured representation 
in low-level vision 


from R. J. Watt 


BEFORE we can claim to understand vision, 
we must provide explanations of the abil- 
ity to discriminate and the appearance of 
visual stimuli that go beyond being simply 
descriptions of the stimuli themselves. At 
the centre of our gaze (the fovea), vision 
is usually so faithful to the stimuli that its 
operations are well concealed. But on page 
308 of this issue Rentscher and Treutwein 
show that this is not the case outside the 
fovea, where, it seems, much less power- 
ful representations are constructed!. 
Rentschler and Treutwein have com- 
pared the abilities of foveal and peripheral 
vision instantly to discriminate pairs of dif- 
ferent spatially periodic stimuli. Specific- 
ally, the stimuli are constructed by superim- 
posing a cosine wave grating with its third 





harmonic, as shown in the figure. For each 
pair of stimuli, the relative phases of the 
fundamental and third harmonic differ by 
120° around a mean phase difference of 0°, 
90° or 130° (so the relative phases of the 
pairs are: —60°, +60°; +30°, + 150°; 
+ 120°, + 240°). Only the pair around 90° 
differ in contrast profile; the other two 
pairs are mirror images of each other. 
Although each pair is discriminated equally 
well when seen in foveal vision, in 
peripheral vision the 90° pair is discrim- 
inated much more easily than the mirror- 
symmetrical pairs. 

Rentschler and Treutwein interpret this 
result as implying that the relative position 
of local image components or features is 
lost in peripheral, but not in foveal vision. 









Since the two cosines themselves cannot be 
the components in question, what are? In- 
spection of the stimuli (see their Fig. 1) sug- 
gests, however, that those around 0° (the 
top pair and that on the left of pair b) have 
a different type of appearance from the 
“other three, which are around 180°. In the 
~ former three, one sees broad dark and light 
“bars of roughly equal width with finer 


«detail superimposed; in the latter, the broad 


“dark band is much wider (or much nar- 
~ rower, depending on what you consider to 
be its edges). One might speculate that in 
“pair b there is an immediate difference of 
organization or grouping of the stripes bet- 
ween the two patterns, whereas in pairs a 
and c scrutiny is required to spot the dif- 
ferences in detail. The position of each 

:- stripe is thus coded in two ways: by the 
group to which it belongs and by its posi- 
tion within a group. This elaborates the ex- 
perimental results, and one might wonder 





NEWS AND VIEWS- 


been that there are two ‘phase-sensitive 
devices’ which categorize all phase relations 
between different channel images into 0° 
or 180° angles’. Discrimination of phase 
angles either side of the category boundary 
(+ 90°) would be good, but discrimination 
of phase angles symmetrically placed either 
side of the category centre (0° or 180°) 
would be impossible. Whilst this matches 
the extrafoveal visual performance, one 
would have to invoke a wholly different 
mechanism for the fovea, where phase 
discrimination does not markedly vary with 
mean phase‘. The suggestion that two 
regions of retinal space separated by so 
small a distance should be subject to such 
different types of representation (such as 


two-state and continuous), is unreasonable. 


‘A very similar suggestion arises (for dif- 
ferent reasons) from the theory of edge 
detection of Marr and Hildreth’ who sug- 
gested that the places where the image of 
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A selection of the Rentschler and Treutwein stimuli is illustrated by showing: in the top row, the 
actual stimuli; in the second row, the fundamental cosine wave; and the third row the 3rd har- 
monic. The various curves plot luminance as a function of space. The position of the third har- 
monic varies along the row, and the effect of relative position or phase on the spatial coincidence 
of certain features, such as zero crossings, is shown by arrows. In the bottom row, a way in which 
the fundamental component might group together the peaks of the third harmonic is suggested. 
The number- of troughs (dark bars) of the third harmonic straddled or grouped by the peaks (bright 


~~ bars) of the fundamental, changes at a phase angle 


of 90° and is thus a cue at that point. Elsewhere, 


the position of the peaks within the grouping would be needed as a cue. 


whether the deficit in extra-foveal vision 
concerns the handling of detailed position 
in each group. 

The early stages of vision are generally 
regarded as a number of parallel spatial 
filters or channels, each tuned to a par- 
ticular band of spatial frequencies? and 
carrying an image of the stimulus informat- 
tion within that band. The images in the 
various channels have to be combined to 
form a composite representation and this 
is where the results of Rentschler and 
Treutwein are most interesting because the 
two cosine sub-patterns in their stimuli will 
be carried largely by different channels. 

One suggested explanation for the seg- 
“-regation of the phase cycle into two distinct 
_ patterns of perceptual organization has 





each channel crosses zero are recorded. If 
zero-crossings, as these features are call- 
ed, are found at the same spatial position 
in different frequency channels’ images 
then they might be supposed to have a 
single edge, or step rise in luminance, as 
common stimulus source. In essence, this 
proposition — the spatial coincidence 
assumption — is the same as a 0° phase- 
sensitive device. Had Marr and Hildreth us- 
ed the same argument for the places where 
the channel image reaches a local peak or 
trough, as many would now dof, they 
would also have had the 180° device. 
Therefore this edge detection theory is also 
unreasonable as a model for human vision 
in the light of the experimental findings. 

Let us return to my (heavily interpretive) 





description of the phenomenon where I w 
suggesting that the elements of t 
representation correspond to the stripes o 
the patterns. This is not to say that they 
form an unstructured list, recording quite 
independently the location, brightness and 
so on of each stripe, with refinements be 
ing appended to each group to furth 
distinguish the elements of the group. Fo 
example, the bottom pair of the figu 
shows how the half-waves of the fu 
damental can group together some of the 
troughs of the third harmonic so that the 
second half of each cycle in the figure | 
represented as a broad bright bar plus one 
or two small darker bars. This represent 
tion would be sufficient to allow a 
discrimination between the +30° and 
+ 150° patterns but not the others. A mo: 
refined representation would additionally 
note the relative positions of the small bar: 
Then, to explain the observations, one 
simply has to suppose that the refinements 
necessary to discriminate between the -60° 
and + 60° patterns are too subtle for the 
representational accuracy of extrafoveal vi- 
sion, but not for foveal vision. To substan- 
tiate this suggestion, readers could experi- 
ment with stripe patterns of their own 
design. All they need to know is that rever- 
sing the order of the stripes (which could 
simply be black lines of differing thickness) 
negates the phase angles. It will be apprec- 
iated that discriminability varies according 
to how large (and hence how accurately 
seen) the differences in line thickness ar 
Much of this would be wild speculatic 
were it not for the fact that ideas of. 
related nature have already been mooted, 
Recently, Julesz’ has argued along similar 
lines for a distinction between the represen- 
tations formed in preattentive and atten- 
tive vision. Using stimuli in which a par- 
ticular small sub-pattern is repeated many 
times over a large area, thereby creating a 
visual texture but in which a small patch 
has a different sub-pattern, Julesz found 
that sometimes the odd patch stands ot 
immediately, and sometimes it does not, 
depending on the particular sub-pattern 
The implication is that the immediate, pre- 
attentive representation is less refined than 
that built up through detailed scrutiny of 
the sub-patterns. Julesz suggests that t 
process of grouping (and its corollary, 
segregation) occurs pre-attentively and that 
further refinement (by detailed scrutiny) re- 
quires focal attention. The parallels bet- 
ween the Julesz conjecture and my line of. 
reasoning should be apparent. E 
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_from Peter A. Lawrence 


THE history of Drosophila genetics is long 
and full of happenstance. Typically, 
mutations were chanced on in one decade, 
mapped immediately, written down, 
-written up and written off — unless they 
became useful in mapping other things in 
“later decades. Analysis of the normal 
function of the gene that carries the 
“mutation was usually not attempted or 
even thought of, and only recently has it 
become common practice to use systematic 
mutagenesis to find out whether the 
original mutation is typical of mutations in 
-the gene or a freak. A good example is 
provided by the history of the engrailed 
s gene; papers appearing in this issue of 
Nature’ and in the current issue of Cell?3 
take the gene into the era of molecular 
cloning. 

The engrailed' (en') mutation was 
reported in 1929 (see figure) but it took 
more than 40 years for the gene to be 
recognized as rather special. That story 
began when Ed Lewis pointed out to 
Antonio Garcia-Bellido that the posterior 
‘edge of the wing of flies carrying the en! 
mutation is transformed into an anterior 
margin. Following Tokunaga’s study of 
the leg +, Garcia-Bellido and Santamaria‘, 
using mosaic flies, showed that en! cells 
< affect posterior but not anterior margins of 
the wing. A year later Garcia-Bellido, 
Ripoll and Morata discovered that the wing 
< is: made in two precise compartments, each 
being constructed of all the descendants of 


100 years ago 
A LINE-DIVIDER 
GALILEO'S proportional compasses are said to 
date from the year 1597. We infer that the instru- 
ment consisted of two arms, jointed as in the ac- 
companying figure, so that one arm could move 
freely about the joint, Each arm had a number 
of equal divisions (not necessarily of the same 
length on each arm), the zero point being at the 
‘joint, To divide a given length into five equal 
parts is it necessary to take an ordinary pair of 
compasses and measure the given length with 
these, then set the proportional compasses so that 
‘the fifth division on each arm may be at the given 
distance apart, then transfer with the ordinary 
“compasses: the distance between the unit div- 
sions—this will be one-fifth of the given line. 
This seems to have been the manner of using the 
instrument employed by Galileo (cf. Marie, 
Histoire des Sciences Mathématiques et 
Physiques, tome iii. p. 108). Other modes of 
using will doubtless occur to most of our readers. 
~The principal involved in this and similar instru- 
“ments, and certainly in the one before us, is that 























Compartment genes in i hand 


a small founding group of cells®. They 
suggested the groups are distinct because 
they express, and are subject to, a set of 
regulatory genes, called ‘selector genes’? 
This key idea provided a link between 
genetics and pattern formation, and 
prompted a search for such genes, of which 
engrailed was suggested to be one. 

Morata and I tested this idea and showed 
that en ' has no detectable effect on any cell 
in the anterior wing compartment, but 
seems to alter every cell in the posterior 
compartment. We also suggested that the 
engrailed gene ‘labels’ posterior cells so 
that they do not mingle freely with anterior 
cells®? — the idea being that the 
compartment border at the interface 
between anterior and posterior cells is 
straight because (like oil and water) the 
different cell populations keep their 
contact to a minimum ™®. The engrailed 
gene is therefore presumed to be 
responsible for the compartment border 
itself. We also suggested that when the gene 
is first activated in development, the 
patches of active cells need not be arranged 
very precisely, because uneven lines would 
automatically straighten as development 
proceeds'!. The engrailed gene therefore 
became a keystone in the compartment 
hypothesis and has remained an ever- 
present and enigmatic lodger in our lives. 

About ten years ago, Thomas Kornberg 
began to study the gene. He made the first 
lethal allele of engrailed (en“*) in 





of the proportionality of corresponding sides in 
similar triangles. 

Our figures represents Miss Marks’s patent 
line-divider for dividing and spaces into a 
number of equal parts. a B forms a hinged rule 
with a firm joint; each limb is ten inches in length 
(in the specimen we are describing), the limb B 
is bevelled, fronted with brass, and presents a 
straight edge, so that straight lines can be drawn 
along it. The limb a is also bevelled, and is 
divided on the bevelled edge and also on the top 











into eighty equal parts, so that we are enabled 
to divide a given length into any number of equal 
parts from two to eighty. A is fitted to slide in 
an undercut groove upon the plain rule c, which 
has a single line marked upon it, and is also 
provided with needle points on the underside, 
to prevent if from slipping when placed in any 
position. 

From Nature 31 275, 22 January 1885. 








ridge and then made a thorough 
genetic analysis of the locus, collecting a 
large number of mutants and studying their 
embryonic phenotype !?. It was shown that 
cells homozygous for a mutation that is 
lethal to'the fly are nonetheless perfectly 
normal when experimentally placed in any 
anterior compartment (not just the wing) 
of a heterozygote fly but abnormal in 
posterior compartments >, These and 
several other studies'*!* supported our 
view that engrailed is a selector gene 
largely or entirely responsible for the 
differences between anterior and posterior 
compartments. 

The molecular biology of the engrailed 
gene has been pursed for several years by 
Kornberg, O’Farrell and their colleagues. 
But it is the recent discovery of the homoeo 
box by the groups of Walter Gehring in 
Basel and Matthew Scott in Boulder that 
has opened up an effective route to the 
cloning of selector genes. Fjose, McGinnis 
and Gehring have now followed this route 
to the engrailed gene'. And Kornberg’s 
group has obtained the same gene by more 
traditional means*?. Even more pleas- 
ing is what both groups have been 
able to show by virtue of having isolated 
the gene. 

First, using the in situ methods 
developed for Drosophila by Akam” and 
by Hafen ef al.'® they have shown that 
engrailed is active in the embryo from early 
gastrulation onwards and is expressed in 
the form of circumferential stripes. Both 
groups have assumed, but not demon- 
strated, that the active bands coincide with 
the posterior compartments (Kornberg and 
colleagues show that the gene is transcribed 
in posterior compartments later on — for 
example in the wing disk). Both groups 
show pictures of the stripes in the main 
body of the embryo. The total number of 
stripes is not clear (nor, because frozen 
sections spoil the anatomy of the older 
embryos, is the precise identity of the 
transcribing cells known) but, never- 
theless, both groups count 14 stripes 
in the main body of the embryo, which is 
exactly the number of metameric units 
counted by Poulson many years ago ”. (I 
write metameric units because probably 
these cell masses are not segments as 
Poulson thought, but ‘“‘parasegments’? — 
units consisting of a posterior compart- 
ment of one segment plus an anterior. 
compartment of the next ”.) 

Both groups show that the stripes in 
which engrailed is outlined are about half 
as wide as those in which it is not, which 
suggests that the posterior compartments 
are smaller than the anterior ones. This is 
shown directly for the first time. (Indirect 
estimates based on clone frequency and 
gynandromorphs had shown that there are 
more anterior precursor cells than 
posterior ones?.) Activity of the engrailed 
gene can first be detected at gastrulation, at 
which time Kornberg ef al. show that the 
posterior stripe is only 1-2 cells wide. If we 
are correct that engrailed product is crucial 








bases of engrailed, 








for the establishment of the anterior and 
posterior compartments, then its absence 
at the earlier blastoderm stage suggests that 
compartments are not founded by then. 
Probably the parasegments (seen as ‘the 
stripes of Activity of the ftz gene at 
blastoderm”) do not become divided up 
until after the engrailed gene is transcribed 
at early gastrulation. The segment 
boundary would be established at that 
time”, which would fit with Kornberg’s 
observation ” that the lethal mutations of 
engrailed do not show up for about 6 hours 
after fertilization. Because engrailed seems 
not to be required in muscles and other 
mesodermal structures, and because the 
muscles of each segment are not divided 
into anterior and posterior compartments 
by lineage, we had suggested that engrailed 
has no role in the mesoderm™*, This view 
is supported by evidence from Kornberg et 
al. that transcription of engrailed is largely 
confined to part of the ectoderm. 
Surprisingly, they find no engrailed 
transcription in the embryonic nervous 
system — which belongs to the ectoderm 
and so would be expected to behave like the 
epidermis although, as they point out, this 
might be explained if the probe used does 
not detect all the engrailed transcripts. 
Both groups report that the homoeo box 
of the engrailed gene has diverged from the 
other homoeo box sequences and is broken 
by an intron. Kornberg’s group has 
sequenced an open reading frame of 1,700 
base pairs that is upstream of the homeo 
box. In addition, within a few thousand 
; they have found 
-another gene that contains an engrailed- 
like homoeo box, has considerable 





Fig. t. Engrailed male. 
“Nov. 7, 1926 seven males and eight females, 
which had a longitudinal cleft along the middle 
of the scutellum and irregular venation of the 
wings, were found by K. EVANG in the 
vesiculated stock” is the opening sentence of 
Reidar Eker’s original designation of the 
‘engrailed scutellum’ (now engrailed) mutant of 
Drosophila. Aithough the cleft often divides the 
scutellum in two, “not infrequently it is 
restricted to a small median notch at the hind 
border of the scutellum, thus giving this hind 
border an ‘engrailed’ appearance.” The figure is 
taken from Eker’s paper in Hereditas 12, 217; 
1929 but the arrow to the notch has been added. 


NEWS ANDVIEWS- 
homology with engrailed and is trans- 
cribed. What function it subserves is 
intriguing. So is the observation that the 
engrailed gene protein contains stretches of 
polyglutamine, polyserine and poly- 


alanine?, and the presence of another 
homoeo box sequence (quixotically called 
the ‘antibox’), which is on the opposite 
strand from the engrailed gene and may not 
be transcribed. 

The value of using both genetics and 
cytogenetics to clone carefully-chosen 
genes has been reemphasized by these 
studies. So has the value of the in situ 
technique, which provides a meeting place 
for morphology and molecular biology. 
Together these approaches allow a fresh 
onslaught on the ancient problems of 
embryology and have already led to newer 
and sharper questions — about 
segmentation for instance. The engrailed 
experiments leave the compartment 
hypothesis alive and well and living not 
only in Madrid. o 
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Trace elements 


Stable forms of methylated 
germanium in seawater 


from J.D. Burton 


IN 1981, Froelich and Andreae produced 
the first adequate view of the geochemical 
behaviour of inorganic germanium in the 
oceanic water column!, The results indi- 
cated that germanium follows very closely 
the cycle of silicon in its uptake into, and 
subsequent dissolution from, the external 
opaline shells of organisms. As a result, 
dissolved inorganic germanium, thought to 
be present mainly as uncharged Ge(OH),, 
is distributed much like a nutrient, being 
depleted in surface waters and increasing 
in concentration with depth; in the deep 
North Pacific, the concentration reaches 
about 115 pmol I~'. New findings from 
the same laboratory, published on page 303 
of this issue’, show that this intensive in- 
ternal oceanic cycling of inorganic ger- 
manium takes place against a background 
of uniform high concentrations of methy- 
lated forms of the metal, a situation which 
is unknown for any. other element. 

The precise measurements of methylated 
germanium made by Lewis et al. emphasize 
the capacity of marine chemists to deter- 
mine an increasingly wide range of chem- 
ical species at ultra-trace concentrations. 
The analyses involve reduction of the ger- 
manium species to the corresponding 
hydrides, stripping and cryogenic trapping 
of the volatile hydrides, release from the 
trap by heating, and measurement of nano- 
gramme quantities of germanium by 
atomic absorption spectrophotometry us- 
ing electrothermal atomization. In this way 
monomethylgermanium (MMGe) and di- 
methylgermanium (DMGe) were detected 
but no trimethylgermanium (TMGe) 





could be found. 
At various depths, in four widely spaced 
oceanic locations, the concentration of 
MMGe and DMGe are close to average 
values of 326 and 97 pmol I~ ', respe 
ively. The small variations that do occur 
can be accounted for by the same factors 
that alter the total salt content of seawater | 
in different parts of the ocean. This con- 
servative behaviour, which is shown by 
only a few among the minor oceanic con- 
stituents, is indicative of a very low geð- 
chemical reactivity. Measurements ‘on. 
anoxic waters indicate that the lack of rea 
tivity extends to reducing conditions. Co) 
centrations of MMGe and DMGe in va 
ious river waters are lower than those in 
seawater by factors of about 100 and 10, 
respectively. Changes of concentrations | 
estuaries, which are often highly reactive 
geochemical systems, reflect simple dil 
tion, further emphasizing the remarkably 
unreactive nature of the methylated species, 
This picture of methylated germaniums 
as stable, uniformly—distributed species 
contrasts strongly with the highly dynamic 
interconversions of other methylated : 
metals. The data have largely emerged since 
it was recognized, in the late 1960s, that 
methylated species play an important role 
in the natural aquatic environmental behav- 
iour of mercury. Methylated species of 
antimony, arsenic and tin are present in: 
natural waters (see, for example, ref.3) and. 
there is evidence that other metals can un- 
dergo methylation under environmental. 


conditions. The concentrations of methy- 


lated species in seawater reflect a transient 














































“and removal, including decomposition. 
This is best documented in the case of 
arsenic. The occurrence of monomethyl- 
“arsonic acid and dimethylarsinic acid is var- 
liable and largely limited to the euphotic 
zone, where they form a significant but not 
dominant fraction of the total dissolved 
arsenic’. Marine algae in culture produce 
methylated forms of arsenic from 
arsenate’®, while bacterial cultures isol- 
‘sated from estuarine waters demethylate 
dimethylarsinic acid’. 
The sources of methylgermanium species 
are not yet known. If they are produced 
largely on land and carried to the oceans 
by rivers, the results suggest mean oceanic 
residence times of about 4 million years for 
MGe and half a million years for DMGe, 
values which are comparable with the res- 
idences time of, for example, calcium. On 
the basis of its close geochemical coherence 
‘with silicon, the residence time of inorganic 
germanium is probably about 10,000 years. 
The apparent, radiocarbon-based age of 
3400 years for total dissolved organic mat- 
ter in some of the oldest waters in the gen- 
eral oceanic circulation®, cannot give un- 
equivocal life-times for particular organic 
species since dated material is a mixture of 
compounds that are decomposed or other- 
wise removed at different rates. Thus the 
unpredicted existence of very low concen- 
ations of organic species with residence 
times of about a million years is not neces- 
sarily inconsistent with other findings. 
` The reasons for the stability of MMGe 
and DMGe remain to be ascertained. The 


Atmospheric chemistry 


- from Guy Brasseur 


For about three years, the Solar Meso- 
sphere Explorer satellite has been meas- 
“uring the key parameters for understanding 
the budget of ozone in the middle atmos- 
phere (mesosphere). As I have already ex- 
lained in these columns (Nature 305, 15; 
983), in addition to continuous obser- 
vations of ozone by an ultraviclet and an 
infrared spectrometer, the satellite provides 
data on the temperature, the concentration 
of nitric oxide and nitrogen dioxide, and 
he strength of the ultraviolet solar irradi- 
ance in the mesosphere. A recently pub- 
‘ished analysis by R.J. Thomas and his 
-collaborators (Geophys. Res. Lett. 11, 673; 
1984) of the 1982 and 1983 data establishes 
new and interesting features. 

In particular, it has been established that 
there are large seasonal variations in the 
ozone density at an altitude of about 80 km 
and that these variations are highly repro- 
‘ducible from year to year in both hemi- 
spheres. At this altitude the ozone concen- 
tration exhibits a so-called secondary maxi- 


balance between their formation, transport, | 


experiments of Lewis et al. on the effects 
of photo-oxidation with ultraviolet radia- 
tion which raise further questions in this 
respect. They show that methylated ger- 
manium species are not decomposed by 
ultraviolet radiation in natural sea water 
but are totally decomposed in pure water. 
In artificial seawater, partial decomposition 
of DMGe and TMGe to MMGe proceeds 
more readily than conversion to inorganic 
germanium. Micro-organisms are often 
able to carry out reactions that are difficult 
to achieve by chemical or physical means 
in the laboratory, and they need to be con- 
sidered if the reasons for the environmen- 
tal stability of MMGe and DMGe are to be 
understood. 

In showing distinctive and unexpected 
biogeochemical behaviour in the marine en- 
vironment, germanium belies, in certain 
respects, its old title of ekasilicon. The ele- 
ment is now seen to have an interesting part 
in the unfolding story of environmental 
methylation of metals. Oo 
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Mesospheric ozone variations 
caused by gravity waves 


mum as is known both from rocket experi- 
ments and from numerical models. This 
concentration is of the order of 10° mole- 
cules cm~3, which is 4 orders of magni- 
tude smaller than the well known maximum 
at 25 km altitude, and results from complex 
chemical reactions involving oxygen and 
hydrogen components, and from dyna- 
mical processes which are responsible for 
the transport of long-lived species such as 
water vapour or nitric oxide. The detailed 
analysis of the satellite data on the second- 
ary maximum concentrations show that the 
peak concentration at the equinoxes is 
about 2 to 3 times greater than at the sol- 
stices. The data at 45°N latitude and 0.01 
mbar (about 80 km altitude) show that the 
maximum concentration occurred in spring 
on April 22 in both 1982 and 1983 and that 
in both years there was a smaller peak at 
the end of September. The southern hemi- 
sphere’s data show the same pattern but 
with a time-lag; at 45°S, the large peak is 
in the middle of October and the small peak 





at the end of March. D. 

These seasonal changes cannot be ex- 
plained solely by photochemical consider- 
ations since the solar input, and conse- 
quently the ozone production and concen- 
tration, exhibit a maximum at the summer 
solstice and not at the equinox. Thomas 
and his colleagues suggest that the changes 
are also related to the variation of the trans- 
port strength induced by the dissipation of 
gravity waves. 

Gravity waves, which are perhaps most 
familiar as the waves that propagate on the 
surface of water, are also present in a 
stably-stratified atmosphere, where they 
propagate both horizontally and vertically. 
They are produced in the troposphere (the 
first 12 km or so above the Earth’s surface) 
by a variety of mechanisms including air- 
flow over surface topographic features. 
Since, in the absence of dissipation, the 
kinetic energy density must remain con- 
stant, the amplitude of the gravity waves 
will grow with altitude as the inverse square 
of the air density. When the density of the 
temperature wave associated with the 
density wave becomes large enough to pro- 
duce a local superadiabatic lapse rate, the 
wave becomes unstable and dissipates: the 
breaking of the wave may be an important 
source of local energy and produces tur- 
bulent diffusion. In other words, the pro- 
cess of wave breaking controls part of the 
transport of chemical constituents in the 
mesosphere. 

The vertical propagation of gravity 
waves is directly dependent on the zonal 
wind structure in the atmosphere. In 
winter, when the zonal winds are westerly, 
the waves with easterly phase speed reach 
the 80 km level; in summer, when the mean 
zonal winds are reversed, it is the westerly 
phase speed waves that reach the meso- 
sphere. In early spring, however, the winds 
are westerly in the stratosphere but easterly 
in the mesosphere and the waves are so 
rapidly absorbed that no dissipation occurs. 
Turbulent diffusion in the mesophere is 
therefore considerably reduced near the 
equinoxes. Consequently, the water vapour 
near 80 km, which is transported from 
lower levels, is less abundant in spring and 
autumn than at other periods; since water 
molecules seem to be the most active agent 
of ozone destruction in the mesosphere, 
one should expect slower rates of destruc- 
tion, and consequently larger ozone con- 
centrations, at the period when the zonal 
winds reverse. Thomas and his colleagues 
therefore suggest that variations in the 
ozone density may provide a sensitive 
indicator of the effects of gravity waves on 
the middle atmosphere. Further analysis of 
the Solar Mesophere Explorer’s ozone 
measurements, which represent the largest 
climatological data base of ozone ever 
compiled, should continue to produce rich 
rewards. g 
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IENTIHC CORRESPONDENCE 


: Yellow rain and the bee faeces theory 


Sik — Two different inferences may be 
made from the observations reported by 
Nowicke and Meselson in ‘‘Yellow rain — 
a palynological analysis’’'. (1) That yellow 
rain samples (claimed by the US govern- 
ment to be evidence of chemical warfare?) 
are nothing more than bee faeces and 
therefore the findings? of trichothecene 
mycotoxins in some of the samples 

-collected in both Laos and Kampuchea 
resulted from colonization of the faeces by 
trichothecene-producing Fusarium spp. Or 
(2), some of the chemical warfare samples 
became contaminated by bee faeces as a 
result of bee activity in the battle areas 
during the period between chemical attack 
and sample collection or because the 
chemical warfare agents had landed on 
previously deposited bee faeces. 

The first inference is.a prime basis for the 
“so-called bee faeces theory. Since so much 
attention has been given to this theory, it is 


of some importance that the theory be scru- 
= tinized in light of what is known about 


trichothecene production from laboratory 
experiments as well as reported natural 
occurrences. 

First, for Fusarium spp. to produce high 
levels of toxins on any particular substrate, 
the substrate must be heavily invaded by 
fungi. Bee faeces that had experienced such 
an invasion would no longer be yellow, but 
would have an off-white colour character- 
istic of fungal mycelia. In addition, the 
material would be fluffy or matted rather 


than powdery, a reflection of the mor- 
_ phology of the mycelium rather than of the 


pollen. Those of us who analysed the 
chemical warfare samples analysed yellow 
powders and green-brown leaves. 

Second, those Fusarium spp. that 
produce Type A trichothecenes such as T-2 
toxin or diacetoxyscirpenol (DAS) only 
rarely produce Type B toxins such as 
nivalenol (NIV) or deoxynivalenol (DON) 
and vice versa’. These laboratory findings 
are supported by data: from numerous 
analyses of foods and feeds involved in 
-natural outbreaks where Type A and B 


_. trichothecenes have never (except in one 


case) been found together’. The lone 
exception was corn from France® con- 
taminated with 4.28, 0.6 and 0.02 ug g` 
NIV, DON and T-2 toxin, respectively. 
These results were never confirmed by 
techniques such as mass spectrometry nor 
is it easy to measure so little T-2 toxin by 
thin-layer chromatography with any confi- 
dence. Canadian investigators’, using a 
‘“‘multi-residue’’ detection method based 
on selected ion monitoring, found 36 wheat 
samples contaminated with DON; not one 
of these samples contained T-2 toxin or 
DAS. In contrast, high levels of T-2 toxin, 
NIV and DON were found in vegetation 
samples collected in Kampuchea‘ and high 
levels of T-2 toxin, DAS and DON were 
found in a powder collected in Laos?. 
While it is possible that more than one 
_ Fusarium spp. might have colonized these 





samples, it has yet to be demonstrated that 
such an event will result in the formation of 
high concentrations of both Type A and B 
trichothecenes in nature. It is interesting 
that the Laotian powder contained essen- 
tially equal concentrations of T-2 toxin, 
DAS and DON, a mixture found to have a 
synergistic effect on mouse LD after 
topical application 8. 

A third problem with the bee faeces 
theory is the failure to detect HT-2 toxin in 
any of the chemical warfare samples. 
Surely, one would expect bee faeces to 
contain significant amounts of microbial 
esterases*, capable of transforming T-2 
toxin into its de-acetylation product, HT-2 
toxin. The counter-argument — that there 
is insufficient moisture in bee faeces to 
support bacterial growth — runs into the 
question of insufficient moisture in bee 
faeces or on leaf and rock surfaces to 
support the growth of Fusarium spp. 
Critical moisture content levels for 
development of Fusarium spp. vary 
between 22.2 and 30.0% in cereals’. 

Fourth, the absence of HT-2 toxin in the 
chemical warfare samples is not in accord 
with a natural explanation because labora- 
tory cultures of Fusarium spp. produce 
HT-2 toxin at temperatures common to 
South-East Asia "°, 

Fifth, while faeces can support the 
growth of some fungi, it has not been 
established that Fusarium spp. can grow 
on faeces, let alone produce secondary 
metabolites such as mycotoxins on this 
substrate in the high concentrations 
reported. In fact, US Army analysts have 
failed to detect any trichothenes in 
numerous vegetation samples contamin- 
ated with ‘‘yellow spots’’. It is also well- 
established that Fusarium spp. prefer 
either the delicate tissues of rootlets and 
seedling stems or senescent tissue of plant 
origin !!. 

Sixth, recent studies! have shown that 
trichothecenes are not produced on un- 
washed and unsterilized pollen, even under 
controlled laboratory conditions. 
Fusarium is not a good competitor in 
colonizing organic matter such as pollen 
and will be outgrown by more aggressive 
fungi such as Penicillium and Aspergillus. 
Furthermore, two species of Fusarium 
grown on washed and autoclaved rice and 
pollen produced zearalenone on the rice 
but not on the pollen, a result at variance 
with the findings of high zearalenone 
concentrations in two of the chemical 
warfare samples, 

Seventh, again under controlled labora- 
tory conditions, only one of thirteen 
Fusarium spp. isolates collected in 
Thailand was capable of producing tricho- 
thecenes, and this in low yield 3. 

Finally, the presence of polyethylene 
glycol in a powder collected in Laos*"4 has 
never been dealt with, except for unsub- 
stantiated allegations of sample or labora- 
tory contamination '5, 
















To summarize, the bee faeces theory 
does not adequately explain the findings of. 
unusually high concentrations of tricho- 
thecenes and zearalenone in very unusual 
combinations produced on a moisture- 
deficient substrate under climatic condi- 
tions favourable for the producion of de- 
acetylated metabolites. ;; 


knowledge, had its genesis in sam 
collected after. an unexplained dro ping o 


















surprising, since these an wer 
collected during the pollinating season a 
the samples could have become conta 
inated with pollen before or after a yellow 
rain attack. The theory gained further . 
credence when people indigenous to the 
area collected and turned in anything tha 
was yellow, in spite of the fact that yellow 
rain attacks were rare by mid-1982. About | 
eighteen months have passed since the bee 
faeces theory was first publicly proposed !® 
and we are amazed that the proponents of. 
this theory have not yet presented one iota. 
of evidence that trichothecenes can be: 
produced naturally on bee faeces, rocks 
leaves, gas masks and so on. The onl 
evidence presented so far is that bee 
defaecate. We can only ask, ‘‘so what?! 
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-Climatic effects of 


Volcanic eruptions 
Sin — The appropriateness of using 
volcanic eruptions as a basis for estimating 
the climatic effects of nuclear war has 
yecently been discussed'~>. Generally 
speaking, the relatively small quantities of 
‘aerosols produced by historic eruptions 
and the differences in the optical properties 
~- between volcanic aerosols (H ,SO, and fine 
ash) and the sooty smoke from fires 
generated by nuclear blasts make any 
“comparisons between the atmospheric 
after-effects of historic. eruptions and 
-nuclear war tenuous!”. In other instances, 
namely those of the largest-scale eruptions, 
volcanic analogies may be relevant. 
oo The greatest known Quaternary 
explosive eruption was the Toba 
(Indonesia) outburst of 75,000 years ago, 
- which erupted approximately 1,000 km 3 of 
rhyodacitic magma in perhaps 9 to 14 
_ days’, The widespread Toba ash layer is 
found over at least 5 x 106km? (ref. 6), but 
the total amount of long-lived 
stratospheric HSO, aerosols produced by 
“this eruption is not known. We may, 
however, make some estimate of this 
` quantity by using data from more recent 
eruptions of comparable magma type®. 
The sulphuric acid aerosols generated by 
the small 1980 Mt St Helens eruption, 
‘which produced 0.35 km? of dacitic 
magma, totalled ~ 3 x 10''g. Ifthe Toba 
eruption released a proportionate amount 
of HSO, aerosols, the stratospheric 
< loading after that event could have been 
~ 9 x 10'4 g. On the other hand, if the 
Toba sulphur release was proportional to 
the output from the 1883 Krakatau 
eruption, which released a relatively larger 
percentage of sulphur volatiles, 5 x 10" g 
-of H,SO, aerosols from 10 km} of dacitic 
magma®, then the stratospheric loading 
sould have been as great as 5 x 10" g. 
(Questions regarding rates of aerosol 
nucleation, saturation, and fallout in avery 
lense stratospheric aerosol cloud are 
currently being studied.) Distributed 
worldwide, these aerosol mass loadings are 
“equivalent to globally averaged peak 
optical depths of 6 and 33, respectively’; 
regionally, the optical depths could have 
been even greater. An aerosol optical depth 
of 6 would have had at least a moderate 
-climatic impact? while an aerosol optical 
depth of 33 is equivalent to the smoke 
optical depths used in all but the most 
severe nuclear winter scenarios! 7. 
Basaltic volcanic eruptions may release 
ven greater percentages of sulphur 


volatiles -!!. Moreover, observations and 


recent calculations suggest that large, 
generally effusive, fissure basaltic 
eruptions can produce widespread high- 
altitude aerosols, possibly from convective 
plumes rising above vigorous fire 
fountains'*3, A good example of the 
product of a large basaltic eruption is the 
massive Roza lava flow (age ~ 14 Myr) of 
the Columbia River Basalt Group™. It is 
calculated that this single eruption pro- 
duced more than 700 km? of basalt lava 
(covering an area of 40,000 km?) in as little 
as 7 days. The greatest basalt eruption in re- 
cent historical times, the Laki (Iceland) fis- 
sure eruption |° of 1783 (volume ~ 12 km?) 
is estimated to have generated about 
1 x 10' g of H,SO,aerosols®. Therefore, 
the production from the 60 times greater 
Roza event could have been ~ 6 x 10" g, 
or enough to give a globally averaged 
aerosol optical depth of about 40. This is 
equivalent to a smoke optical depth of the 
size assumed in the most severe nuclear 
winter models >? 

Did these eruptions cause sudden and 
sharp climate cooling? The Toba eruption 
does coincide with a time of falling global 
temperatures'*, and there is also some 
evidence of global environmental changes 
at the time of the Columbia River Basalt 
eruptions (mostly between 17 and 14 Myr 
ago)'*!7 and at times of other flood basalt 
extrusions!!:3, However, more detailed 
studies are required to determine whether 
these coolings were related to the volcanic 
eruptions, and to assess just how severe the 
climatic effects of these eruptions really 
were. 
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Basement membrane 
nomenclature 

Sir — In a recent issue of Nature, 
Bluemink ef al. ! correctly pointed out the 
confusion existing over the nomenclature 
of basement membranes, but their 
recommendations are not in accord with 
usage by British, North American, French 
and Japanese scientists. The International 
Anatomical Nomenclature Committee? 
recently recommended the following 
names for the successive layers of basement 
membranes: (1) “lamina lucida’’, the pale 
layer in immediate contact with the 
plasmalemma of the associated epithelial 
or other cells; (2) ‘lamina densa’’, the dark 
layer below; and (3) ‘lamina fibroreti- 
cularis’’, the incomplete layer (sometimes 
missing) in continuity with connective 
tissue. This classification is justified by the 
fact that the specific components of 
basement membrane (type IV collagen, 
laminin and heparan sulphate proteo- 
glycan?-5) are present in the three layers 
and little or none is found elsewhere. Thus, 
the three substances are abundant in the 
lamina densa, forming closely packed 
cords; they are present in lesser amounts in 
the lamina lucida as a few loosely arranged 
cords® and they may occur in the lamina 
fibroreticularis within ‘‘bridges’’ 
connecting with other basement 
membranes (unpublished). 

One confusion in the literature is the 
ambiguity of the term ‘‘basal lamina’’ 
which many histologists have used in the 
past to describe the ‘‘lamina densa’’, while 
others consider ‘‘basal lamina” 
synonymous with ‘‘basement membrane’’. 
As more is learned of the composition 67 
synthesis*:’, structure? and function’ of 
basement membranes, it is important that 
the terminology be unambiguous. We have 
adopted the terms defined in the guidelines 
of the International Anatomical Nomen- 
clature Committee’, and urge others to do 
so. 
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The volatile content of magma in the reservoirs of active volcanoes has an important bearing on problems of petrogene 
: magma degassing, eruption mechanisms, eruption forecasting and monitoring and the environmental impact of eruption 
Volcanic gas compositions and the S content of glasses are used to infer the volatile content and the degassing systemat 
of magma from the Kilauea volcano. Our results are combined with data for Kilauea’s magma supply and distributio 
over the past 27 yr to calculate the volatile budget of the volcano. 













KILAUEA volcano in Hawaii is detached.from the south-east 
shield of Mauna Loa by the east and south-west rifts (Fig. 1)'. 
_ The toof of the summit. magma chamber is ~2 km under the 
-caldera and 1km under Halemaumau?*. Mantle sources at 
_ 30-60 km supply parental magma to the chamber®*. The cham- 
_ ber has been described asa dyke and sill complex with a chamber 
floor at 6 km, a chamber crown at 1-2 km, and an east-rift duct 
at 1-2km between the summit chamber and east-rift magma 


reservoirs'*?, Communication between the summit and south- 


west rift reservoirs is poorly defined'®''. A relatively steady 
supply of magma accumulates in the summit chamber before 
discharge to the surface or down the rifts''. Magma injected 
into the chamber causes summit inflation, whereas rift discharges 
cause summit deflation. During summit eruptions, inflation 
ceases, but deflation may be negligible’. 
We use the sulphur in glassy east-rift submarine basalts and 
in glass inclusions to infer the weight per cent of this element 
in’ subsurface Kilauea melt. Subtracting the post-eruption 
residual sulphur in glassy Kilauea fountain spatter from the 
subsurface concentration, gives the quantity of degassed sulphur 
(g degassed-S per 100g melt). Next, we convert volcanic gas 
analyses, conventionally reported in volume per cent, to mass 
proportions of S (from SO, and H-S), H,O, CO;, Cl (from HCl) 
and F (from HF). Scaling the mass proportions to the quantity 
of degassed-S gives the masses of H,O, CO,, Cl, and F degassed 
per 100-g melt. Finally, adding the residual H,O, CO,, Cl, and 
F in glassy fountain spatter gives the weight per cent of each 
volatile in the subsurface melt. Sulphur is used in our calcula- 
tions because data for other volatiles in Kilauea glasses are 
=. sparse and „often highly controversial. We usẹ error propagation 
equations’? and the error in the mean (sy N) of the data to 
|< calculate the uncertainty in our results. 
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Fig. 1 Sketch map of Kilauea volcano. The current mid-east rift 
eruption began 2km south-west of Vent B and extended several 
kilometres along fissures to the north-east. It subsequently localized 
at Pu'u 0. 
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Parental volatiles 


An active lava lake normally existed in Halemaumau betwe 
1823 and 1924 (ref. 13), reappearing briefly in 1952 and agair 
in the 1967-68 eruption. Lava source vents were active co 
tinuously for several months to years during these periods and 
undoubtedly erupted a significant fraction of parental: magma. 
otherwise retained in the summit chamber (Fig. 2). We postula 
that these sustained summit-lava lake eruptions emit a type 
volcanic gas derived principally from the parental volatiles i 
parental magma (Fig. 2a). 

The J-series gas analyses of the 1917 and 1918 colteétion 
Jaggar provide the most reliable volcanic gas data from sustained 
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Fig. 2 Schematic diagrams of the magma supply, storage and i 
transport system of Kilauea volcano. The summit chamber is. 
envisioned to be a complex of dykes and sills. The east-rift storage 
system is assumed to consist of a feeder conduit and dykes. The 
diagrams are adapted from the models by other investigators'”’. 
a, A one-stage degassing process involving a sustained summit : 
eruption of parental magma (solid) emitting type I volcanic gasés. 
derived from parental volatiles. b, A two-stage degassing process 
involving chamber gas venting and a rift eruption of reservoir- 
equilibrated magma (stippled) emitting type H volcanic gases 
derived from stored volatiles. Chamber gas is released from paren- 
tal magma as it adjusts to chamber conditions and becomes reset- 
voir-equilibrated magma. The chamber gases that penetrate. the - 
hydrothermal system above the summit chamber supply the summit 
plume. Reservoir-equilibrated magma can also erupt in the summit =< 
region. 





















































sources of unaltered volcanic gases, Jaggar took samples at a 
wide variety of lake sites’*'*. Although water and oxidation 
altered most of his samples, several analyses have been 
_restored'*. Table 1 contains the four restored analyses requiring 
the smallest corrections. Sample J-8 is from a crack in a spatter 
cone over a ‘source of fill’ for an active pool’®. This sample is 
an almost quenched equilibrium composition and needs only 
trivial corrections within the limits of normal analytical 
ortt, The three other J-samples are from cones and a 
grotto at the lake margin'®. They show the effects of fractionation 
during lava degassing—-lower CO, and higher H,O (relative to 
-8). Remote infrared spectrophotometry of lava fountain gases 
ng the 1967-68 Halemaumau eruption provides the only 
other volcanic gas data from a period of sustained summit-lava 
lake activity; the gases have a composition of 95 vol. % H,O, 
4 vol. % CO, and | vol. % SO, (ref. 19). This analysis is 
open to interpretation, however, owing to the presence of 
water vapour in the atmosphere'*. If water is decreased, the 
composition converges on J-8 (Fig. 3), and we therefore take 
the composition of J-8 as representative of type I volcanic 


a 


We calculate the parental melt H,O and CO, concentrations 
(Table 2) from J-8 and the residual volatile concentrations in 
- Kilauea fountain spatter” (Table 2) and the sulphur content of 
glass inclusions in olivine phenocrysts from a pumice sample 
of the 1959 summit eruption”, We use these inclusions because 
they have the highest S concentrations reported for Kilauea 
lasses and show no evidence of sulphide immiscibility. Their 
ze (>0.17 mm) and compositional similarity to associated 
natrix glasses preclude entrapment of a volatile enriched boun- 
dary layer’. Insoluble gases, however, may have distilled S from 
melt before the inclusions were captured. We therefore use 
mean of the highest reported S values, 0.130 + 0.004 wt %. 

The lack of reliable data for HC! and HF in the J-series analy- 
ses'*!® precludes calculation of parental Cl and F concentra- 
fis. We therefore infer these quantities by an alternative 
approach. 

The calculated parental H,O concentration agrees with that 
measured in the glass inclusions (0.23 + 0.04 wt % ) used to define 
parental sulphur’'. Both values are far below those required for 
H,O saturation of tholeiitic melt at the chamber depths. The 
calculated parental CO, concentration, however, is much greater 
than the measured CO, content of the glass inclusions (0.08 + 
0.03 wt %)°'. A depth of ~40km is required to dissolve the 
parental CO, in tholeiitic melt”, implying that parental melt, 
ith the calculated volatile concentrations, would be greatly 
-oversaturated in CO, at the chamber conditions. Most of the 
parental CO,, therefore, must enter the chamber as a fluid, which 
s consistent with observations of CO, inclusions in olivine from 
Hawaiian basalts”. Hence, at chamber conditions, the parental 
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Fig. 3. Compositions (vol. %) of principal Kilauean gases. The 
components are calculated as follows: C=CO,+CO, $= 
SO, +H,S, and H = H,0+H,. Stippled regions estimate composi- 
tion ranges of the principal gases involved in the degassing of 
Kilauea magma. The water subtraction path shows the change in 
composition of the 1968 Halemaumau sample’? as. water is 
removed. The compositions for J-8 -and the 1983 mid-east rift 
eruption samples are from Table 1. 


volatile concentrations in Table 2 are bulk concentrations for 
the combined parental melt and fluid. 


Stored volatiles 


We propose that when parental magma remains in the summit 
chamber, it equilibrates to chamber conditions by separating 
excess volatiles in a CO,-rich chamber gas and retaining stored 
volatiles in reservoir equilibrated magma (Fig. 2b). Reservoir 
equilibrated magma is either erupted in the summit region or 
discharged to the rifts'’. Rift eruptions, therefore, emit type I] 
volcanic gases derived from the stored volatiles dissolved in 
reservoir equilibrated melt (Fig. 2b). 

The samples for six volcanic gas analyses from the current 
mid-east rift eruption (Table 1) were collected at 900°C in 
January 1983 from Vent B (Fig. 1). They have a low CO, content, 
minimal atmospheric contamination (N, O- and Ar) and equili- 
brium compositions (for the magmatic gases) quenched between 
950° and 1,030 °C (Table 1, ref. 24). Similar gases continued to 
be emitted in later phases (T.M.G., unpublished data) when 
lava became supplied increasingly by direct summit deflation” 





Table 1 Vol. % compositions of Kilauea volcanic gases from sustained summit and east rift eruptions 





Sample H,O co, SO, 
ained summit} 









H,S HCI 


37.09 48.90 11.84 0.06 0.08 
69.29 17.82 10.93 0.11 0.21 
60.42 23.21 1431 0.21 0.21 
38.14 21.76 17.46 0.30 0.32 
81.89 3.83 121 0.763 0.172 
79.40 3.93 13.6 1.72 0.150 
81.09 3.79 12.5 1.33 0.163 
82.60 3.56 11.8 0.592 0.151 
80.50 3.53 14] 0,515 0.174 
830116-1 76.75 3.38 17.4 1.23 0.170 


HF H, co N: Ar O, Taa CC)? 
ND 049 1.51 = r a 1,170 
ND 101 0.62 es e Z 1,175 
ND 087 0.74 = = A 1,140 
ND 03 093 T == re 1,185 
0.21 1.00 0.070 0013 0.0002 0.0003  997+6 
0.19 0.94 0.060 0.027 0.0009 0.0011 94848 
0.17 085 0.062 0.017 0.0002 0.0004 9525 
0.15 0.94 0.065 0.161 0.0021 0.0005  1,003+2 
0.19 0.93 0.079 0.020 0.0031 0.0003 1,032+7 
0.18 0.87 0.059 0.034 0.0005 0.0004 97941 


* ND, No data reported. Equilibrium temperature determined from gas composition without N,, Ar, O.. 

t-After removal of contaminating H,O, N2, Ar, O, in restoration procedure’. a 
Analytical data without removal of atmospheric contamination. All samples were collected in evacuated bottles containing NaOH solution and 
alysed at Sandia National Laboratories by gravimetric methods, gas chromatograph, ion chromatograph, and infrared absorption. coe 








1 crystallization for Kilauea lava?” 
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Table 2 Wt % concentrations of parental, stored and residual volatiles 
Volatile class H,O CO, S CI 
Parental* 0.30(2)§ 0.65(6) 0.130(4) 0.0087(3) || 0.0354(20)] 
Storedt 0.27(2) 0.034(3) 0.070(5) 0.0087(3) 0.0354(20) 
Residual 0.10(1) 0.015(2) 0.015(1) 0.0080(3) 0.0350(20) 





* Wt % concentrations for parental melt oversaturated in CO, at chamber conditions, as discussed in text. All concentrations calculated, e 


for S, which is based on glass inclusion data’. 


+ Wt % concentrations. for reservoir-equilibrated melt at 2-km depth. All concentrations calculated, except for S, which is based on 


glassy east-rift submarine basalts’? 
t Mean values for CO,, S, Cl, 
Westrich, unpublished data). 
§ Parentheses enclose propagated error'* in preceding digit. 
|| Based on stored volatile concentrations, as discussed in text. 


and F in weak fountain spatter”. 


and outbreaks became localized at Pu’u O vent (Fig. 1). Similar 

compositions were found again in January 1984 (L. P. Green- 

land, unpublished data). We assume, therefore, that volcanic 

gases from the current eruption are representative of the type 

Il volcanic gases (Fig. 3) and derived from stored volatiles in 

reservoir-equilibrated melt of the summit and east-rift storage 
“systems (Fig. 2b). 

We calculate the stored volatile concentrations of reservoir- 
equilibrated melt from the mean January 1983 volcanic gas 
composition, residual volatile concentrations”? (Table 2) and 
the sulphur content reported for glassy rims and crusts of sub- 
marine basalts from the east rift (0.070+0.005 wt %). Three 
investigations, each using different analytical techniques on 
samples from the same dredge hauls, confirm this value for 
sulphur content and, moreover, demonstrate that it characterizes 
east-rift melt extruded from 500 m to at least 5,000 m below sea 
level*®?*, We assume this conclusion extends to reservoir-equili- 
brated melt throughout the summit chamber and the rifts. 

The calculated stored volatile concentrations presented in 
Table 2 are consistent with previous measurements” on east rift 
submarine basalt matrix: glasses. The deepest (4,680 m) and 
presumably least degassed sample contained 0.23+0.02 wt % 
H,O, 0.025 + 0.004 wt % CO, and 0.071 + 0.008 wt % S (ref. 27); 
0.31-0.35 wt % H-O has been reported in samples from the same 
dredge haul”. 

The effect of pre-eruption crystallization on the calculated 
stored volatile concentrations for reservoir-equilibrated melt of 
the current eruption is probably at the level of uncertainty. Lava 
temperatures, near vents of the current eruption, range up to 
1,145 °C (E. Wolfe, personal communication), suggesting sub- 
surface temperatures. of at least 1,155 °C. Heat transfer calcula- 
tions limit the average pre-eruption cooling of most magma 
extruded from. the east rift to no more than 30°C (from 
1,200 °C)”. Temperatures above 1,155 °C correspond to <15% 

. Such modest crystallization 

would have negligible effects on stored volatile concentrations. 
A 2-km minimum depth to melt, with the stored CO, con- 

centration obtained above (Table 2), is estimated from 


D= —0.031+61.2 (wt % CO) (1) 


where D is depth in km. Equation (1) includes the pressure 


H,O value for fountain spatter from the 1983 mid-east rift eruptio 




























dependence of CO, solubility in submarine tholeiitic m 
assuming a rock density of 2.8 gcm™° (the mean densit' 
Kilauea intrusives and nonvesiculated flows)*'. A dept 
2.5 km is obtained for a density of 2.3 g cm™’, which may betl 
represent flows overlying shallow reservoirs along the east ri 
Both values are consistent with depth estimates to the to 
the summit chamber, the east-rift duct, and the earthg 
beneath the east rift during the present eruption (R. W: Des 
personal communication). 

The stored Cl and F concentrations derived here for resery. 
equilibrated melt of the current eruption are not signific: 
different from the residual Cl and F concentrations of effervese 
Kilauea spatter (Table 2). We infer, therefore, that these value: 
also apply to parental melt and to reservoir-equilibrated 
at all depths in the summit and rift storage system. Nor is t 
a significant difference between parental and stored water 
centrations; this suggests that H,O concentrations are. 
almost constant throughout the storage system, implyi g 
or no contamination of reservoir-equilibrated melt by 1 
water during storage. Stored CO, concentrations, howev 
vary according to equation (1) from 0.10 wt% (6 
0.02 wt % (1 km). The residual CO, concentration (0.01 
corresponds to a depth of 0.9 km. Either the shallow d assi 
of CO, is inefficient or the reported CO, concentratio 
Kilauea fountain spatter is too high. 


Chamber gas 


We calculate the vented chamber gas composition from 
differences between parental and stored volatile concentrations 
In these calculations, the stored volatile concentrations for H, 
S, Cl, and F in Table 2 are used for reservoir-equilibrated m 
at all depths. The stored CO, concentration is estimat 
equation (1) as a function of equilibration depth. The 
gas composition after equilibration at 2-km depth is 10 ve 
H,0, 79 voL% CO, and Ilvol.% S; allowing. fo 
insignificant difference between parental and stored water co 
tent gives 88 vol. % CO, and 12 vol. % S. SO, would be 
predominant S species in the chamber gas (T.M.G., unpub! 
calculations). Because stored CO; is always small 
with parental CO;, the results are similar for equilibration 
other chamber depths (Fig. 3). 





Table 3 Kilauea volatile budget, July 1956 to Apul 1983 





H,0 CO; 
Volatile class secre tenting tecnatiiy Sakain aha ntl tt berate 
Parental volatiles {8(2)*+ 18(2)} 100$ 38(5)* 39(5)= 1008 7.67% 
Chamber gas 2(3) 2(3) 10 36{5) 37(5) 95 3.5(9) 
Stored volatiles] 16(2) 16(2) 90 202) 203) 5 45) 
Volcanic gas 3.57) 3.6(7) 20 0.40) 0.4(1) 1 1.12) 
Residual 2.03}  2.41{3) 12 0315) 035) l 0.313} 
Nonerupted 100} 1001) 58 1.3(2) 1,3(2) 3 2.703) 


S CI F 
LHT) 1008 OSIS)" 0.52(5)} 100$ 2.1(2)*  2i(2)}4 «L008 
3.6(9) 46 0,00(7) 0.007) ~0 003) 0.0(3) ~g: 
4.2(5) 54 0.51(5)  0.52(5}) 100 2.1(2) 2.402) 100° 
LIG) 15 0.02(2) 0.022) 3 009) 0.0109) ceg 
0.31(3) 4  016(2)  0.17(2) 32 0.748)  0.73(8) 34. 
2.73) 35 0.33(3) 0.343) 65 13(1) LACE) ; 





* Total g x107}? calculated as described in text and rounded to significant figures. 

t Parentheses enclose propagated error “ in preceding digit. 

+(gday™')x107* 

§ Each category (before rounding) as per cent of parental volatile supply. 
| Assumes equilibration of CO, in reservoir melt at 2-km depth. 


calculated from total g x 107'* per 9,800 days and rounded to significant figures. 


















































Volatile budget 
Table 3 presents the volatile budget of Kilauea volcano for the 
322. month period from July 1956 to April 1983. The mean 
magma supply rate to the summit chamber for this period is 
7.2.x 10° m° per month (ref. 11). Over the 322 months, this rate 
gives a total melt accumulation of 5.8 x10'° g for magma with 
a density of 2.8 g cm” and an olivine content of 1045 wt %**?. 
From magma accumulation data'', we estimate an uncertainty 
of 0.5 x 10"* g in the total melt accumulation. The parental vol- 
--atile concentrations (Table 2) and the total meit accumulation 
_ give the total parental volatile accumulation. During the 322- 
“month period, almost all eruptions involved reservoir-equili- 
brated magma. Our budget calculations assume, therefore, that 
chamber gas was degassed from all supplied magma. Subtracting 
the total chamber gas discharge from the parental volatile 
accumulations gives the total stored volatile accumulations. 
- Approximately 35% of the magma supplied during the 322 
“months has erupted; the remaining 65% is still in the rifts’. 
sing these distribution figures and the residual volatile con- 
centrations (Table 2), we divide the stored. volatile accumula- 
ions among volcanic gases, residual volatiles, and nonerupted 
volatiles remaining in the rifts (Table 3). We calculate average 
< g day”! rates by dividing the total accumulation in each budget 
category by the 9,800 days of the budget period. The reported 
tal accumulations and g day”! rates are rounded to significant 
figures consistent with the propagated errors for each budget 
category. 
< Thus, 18 x10’? g H,O, 38 x10'? g CO), 7.610" g S, 0.5x 
10” g Cl, and 2x10"? g F entered Kilauea’s summit chamber 
< Over the 322-month period. Degassing, almost exclusively by 
chamber gas and type II volcanic gases, emitted 5.5 x 10'? g H,O, 
36.4 x 10'* g CO», 4.6 x 10°? g S, 2 x 10'° g Cl, and 10"° g F. Non- 
erupted volatiles (Table 3) stored in rift magma account for 
nost of the undegassed balance. Retention of residual volatiles 
in erupted lavas also contributes significantly to the undegassed 
lances of H,O, Cl, and F. 


Discussion 


_ Parental magma carries volatiles into Kilauea’s summit chamber 
at the average g day™' rates given in Table 3. Parental melt 
_ transports much of the volatile load in solution, except for CO,, 
which is transported predominantly as a fluid saturating the 
parental melt from depths of ~40 km. Either the parental magma 
‘erupts directly in a sustained summit eruption (Fig. 2a), or it 
remains in the summit chamber and is transformed to reservoir- 
equilibrated magma (Fig. 2b). 

-o Sustained summit eruptions of parental magma (Fig. 2a) were 
commonplace” throughout the century before 1924. These erup- 
tions facilitate a one-stage degassing process. Volatiles effervesce 
continuously from parental melt approaching the surface, 
especially in the last 100-50m as the confining pressure 
approaches the water vapour pressure of the melt. The effer- 
vesced volatiles mix with the CO,-rich fluid to produce type I 
yolcanic gases (Fig. 3). The average magma supply rate for the 
1956-83 period'' together with parental and residual volatile 
concentrations (Table 2) give average emission estimates of 
12x10°gH,Oday™', 38x10®°gCO,day"', 710° gSday"!, 
4.2 10° g Clday~'! and 2.4x10°g F day”! for type I volcanic 
ases during sustained summit eruptions. 

_ Degassing has occurred predominantly by a two-stage process 
ince 1924. The first stage of degassing is the chamber gas venting 
during the transformation of parental magma to reservoir-equili- 
brated magma (Fig. 2b). Chamber gas carries off most of the 
parental CO, and about half the parental S (Table 3). The 
remaining CO, and S and almost all the parental H,O, Cl and 
- F become stored volatiles in the reservoir-equilibrated melt. The 
-equilibrated magma is eventually ejected from the chamber by 
“a summit eruption or (more commonly) by injection into the 
_rifts''. The water content of equlibrated melt (Table 2) corre- 
“sponds to water vapour pressures of only 10-12 bars (refs 33, 
_ 34). As equilibrated melt rises to the surface, therefore, it will 
effervesce only small amounts of CO,, S and H,O until it reaches 








shallow depths of 40-50 m where extensive H,O degassing can 


occur, Thus, the second stage of degassing involves type H 
volcanic gases (Fig. 3) and begins when reservoir-equilibrated 
magma is almost at the surface during summit or rift eruptions 
(Fig. 2b). 

The two-stage degassing process is expected to be less efficient 
than the one-stage degassing process. The 1956-83 period 
characterized by two-stage degassing illustrates this fact. Sum- 
ming the g day ' rates for chamber gas and volcanic gas (Table 
3) gives the following average emission rates: 5.6 
10° g H,O day” ', 37.4 x 10° g CO, day”', 4.7 x 10° g S day™', 2x 
10° g Cl day”! and 10° g Fday~'. These rates are higher in one- 
stage degassing. The two-stage degassing process is less efficient 
because of the high proportion of H,O, S, Cl and F in the net 
accumulation of reservoir-equilibrated magma in the rifts over 
the 27-yr period''. CO, is degassed with about equal efficiency 
by each process. 

The chamber-gas-discharge rate of 37 x 10° g CO, day! calcu- 
lated for the average magma supply rate over the 27-yr period 
of the budget (Table 3) agrees with the two CO, emission 
measurements (36 x 10° and 16x10°g CO, day~')* available 
for the summit region. Below and above average magma supply 
rates'' correspond to chamber gas CO, discharges in the range 
10-50 x 10° g CO, day’. The magnitude of a possible loss of 
chamber gas CO, by formation of carbonate alteration products 
in the overlying hydrothermal system* is not known. 

COSPEC-determined SO, emissions in the summit plume at 
various times since 1975 are in the range 1.5-3.0 x 10° g day™! 
(refs 37, 38). The average magma supply rate, however, implies 
chamber gas discharges of 7.2 x 10° g SO, day™' (Table 3). Below 
and above average magma supply rates imply chamber gas SO, 
discharges of 2.5-10 x 10° g SO, day”'. We attribute the com- 
paratively lower measured emissions to the disproportionation 
of chamber gas SO, to H,SO,(aq) and H,S(aq) in the hydrother- 
mal system and their reaction with basalt lava to form sulphide 
and sulphate alteration products. These mechanisms are effective 
in removing SO, emanating from a basalt magma chamber and 
passing through an overlying hydrothermal system at Krafla, 
Iceland”. Separation of immiscible sulphide melt may also 
reduce the chamber gas venting of SO). 

The summit inflation-deflation record may provide a con- 
venient means for monitoring the future influx, storage and 
degassing of Kilauea’s volatiles. Empirical determinations of 
summit volume change versus summit tilt, as measured in micro- 
radians (prad) by the Uwekahuna tiltmeter, are in good agree- 
ment with theoretical predictions and give a mean value’! of 
0.33 x10°m? prad7'. For parental magma with a density of 
2.8 g cm™° and containing 10 wt % olivine, this relation implies 
parental volatile influx coefficients for periods of inflation of 
2.5x10 g H,O prad™', 5.4x10?gCO, prad™', 1.1x10°gS 
prad”', 7.510’ gC] prad™' and 3.0x10°g F prad™'. Analo- 
gous storage coefficients can be derived for stored volatiles 
injected into the rifts during summit deflation; they are the same 
magnitude, except for CO, (3.1 x10°g urad™') and S (6.5 x 
10° g prad™'). Degassing by chamber gas venting is readily 
calculated from differences in the respective influx and storage 
coefficients. Volatiles degassed during eruptions can be calcu- 
lated from the volume of extruded lava, or they can be estimated 
from the associated deflations and the above coefficients. For 
example, deflations for extrusions during phases of the present 
eruption are commonly 15 urad and imply SO, emissions of 
about 2 10'°g, which agrees with typical COSPEC emission 
determinations (2.2 x10' g) (L. P. Greenland, personal com- 
munication). 

In conclusion, CO, and SO, ‘pollution’ from Kilauea is, on 
average, small compared with anthropogenic pollution. For 
example, the rate of anthropogenic CO, pollution (2x 
10'* g yr”')*° corresponds to ~15,000 Kilaueas operating on 
budgets similar to the one in Table 3. Likewise, anthropogenic 
SO, pollution levels (6.5 x10" g yr™')"' are equivalent to 380 
Kilaueas. Kilauea pollution, however, can be exceptionally. 
intense during large rift eruptions. : 
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The complete nucleotide sequence of two human T-cell leukaemia type III (HTLV-II) proviral DNAs each have four lo. 
open reading frames, the first two corresponding to the gag and pol genes. The fourth open reading frame encodes tw 
functional polypeptides, a large precursor of the major envelope glycoprotein and a smaller protein derived from the 
3’-terminus long open reading frame analogous to the long open reading frame (lor) product of HTLV-I and -II. 









HUMAN T-cell leukaemia (lymphotropic) viruses HTLV-I, -IH 
and -II, a family of exogenous retroviruses, are associated with 
T-cell disorders including adult T-cell leukaemia lymphoma 
(ATLL) and the acquired immune deficiency syndrome 
(AIDS)'"'*. These viruses share a number of biological and 
structural features: tropism for OKT4* lymphocytes'®'*-?', the 

ability to produce giant multinucleated cells in culture’°17?*"**, 
immunological cross-reactivity of some virally encoded 
proteins'?"?, distant nucleic acid sequence similarities®??*7* 
and the preference for magnesium of the viral reverse transcrip- 
tase’?! Moreover, the genome of-HTLV-I and -II as well as 
. the related bovine leukaemia virus (BLV) is somewhat longer 
than that of other retroviruses®””*"*"**, A sequence of 1,600- 










1,800 nucleotides is interposed between the 3’ end of the eni 
gene and the long terminal repeat (LTR) sequences of these 
viruses***?->’, the 3’ portion of which is a long open reading 
frame (lor)** 3537 Another feature that distinguishes HTLV. 
-H, -HI and BLY from other retroviruses is the marked increase 
in the rate of transcription initiated within the viral LTR sequen- 
ces in infected compared with uninfected cells. This 
phenomenon, trans-acting transcriptional regulation, is not. 
observed for other retroviruses” and is probably mediated. by : 
the lor gene product of these retroviruses” 

Despite the similarity between HTLV-II and the other mem- 
bers of the HTLV-BLV family of viruses, the biology and. 
pathology of HTLV-II] differ substantially. Infection with 



































Fig..1 Nucleotide sequence of HTLV-II. The complete nucleo- 
tide sequence of clone BH10 is shown together with the predicted 
‘amino acid sequence of the four largest open reading frames. The 
position of sequences encoding gag protein p17, the N-terminus 
of gag p24 and the C-terminus of gag p15 (which overlaps with 
the N-terminus of the pol protein) are indicated. The open reading 
frames for pol, sor and env-lor are indicated. The sequence of the 
remaining 182 bp of the HTLV-II provirus not present in clone 
~ BH10 (including a portion of R, US, the tRNA primer binding 
site and a portion of the leader sequence) was derived from clone 
-HXB2. The boundaries of R, U5 and U3, the positions of the 
) polypurine tract, inverted repeated sequences (IR) and the tran- 
-scriptional initiation (TATA) and termination (AATAA) signals 
are shown. The sequences of BH8 and BHS are illustrated also; 
nucleotide and predicted amino acid differences compared with 
:BH10 are listed and dashes are shown for identical sequences. 
Restriction enzyme sites are listed above the nucleotide sequence 
and sites present in clone BH8 but not BH10 are in parentheses. 
Deletions are also noted ([ ]) at nucleotides 251, 254, 5,671 and 
6,987-7,001. The nucleotide positions (to the right of each line) 
tart with the transcriptional initiation site and end with the viral 
RNA transcriptional termination site. The amino acid residues are 
mbered (to the right of each line) for the four largest open 
reading frames starting after the preceding termination codon in 
each case except gag which is enumerated from the first methionine 
‘codon. A proposed peptide cleavage site (v) and possible 
sparagine-linked glycosylation sites (77) are shown (*) for the 
-env~lor open reading frame. The sequences in the LTR derived 
. from clones BH8 and BH10 listed in the beginning of the figure 
re. derived from the 3' portion of each clone and are assumed to 
< be identical to those present in the 5’ LTR of the integrated copies 
of these viral genomes. Clone HXB2 was derived from a recom- 
binant phage library of Xbal-digested DNA from HTLV-IH- 
infected H9 cell cloned in AJI (ref. 53). Clones BH10, BH8 and 
-BHS were derived from a library of Sstl-digested DNA from the 

"Hirt supernatant fraction of HTLV-I1I-infected H9 cells cloned in 
AgtWes-AB (ref. 27). Both libraries were screened with a cDNA 
‘probe synthesized from virion RNA using oligo(dT) as a primer”. 
¿Clones BH8, BH5 and a portion of HXB2 were sequenced as 
“described previously”. Clone BH10 was sequenced by the method 

of Sanger”’ modified by the use of oligonucleotides complementary 
tothe M13 insert sequence as primers and using Klenow fragment 

of DNA polymerase I or reverse transcriptase as the polymerase. 





CLONE NUCLEOTIDE 
POSITION 

ko us 
Boe TÖGAAGGOCTAATTCACTCOCARCOAAQACAACA +20 






{dan 423 
BHD TATCCTTGATCTGTGGATCTACCACACACAAGOCTACTICCE’ 
BRE nnn nena nn ee ae OCS wA 


BAGCCAGAGAAGTTAGAAGRAOCCAACAA 





jR Bal li 3: 
ahd GOOTCTCTCTGOTTANACCAGAYETOAGCCTODSASCIC s 


nxBz aina 121 n f us TCTOOCTAACTAGOGAAĞCCACTGCTTAAQCCICAA ?5 
i ee en 
NXAZ  TAAAOCTIGCCT TOAGTOCTICAAGTAOTOTGTGOOCGTCT SY TOTOT GACT: CTGGTRACTAGAGATOCOTCAGA 80 
US} e ARNAS lysine Leader sequence 


MXBZ CCT IT TAGTCAGTOTGOMARATCTCTAGCAGTOGCECCCOAKCAGGGACCT GARAGOGAAAGGGAAACCA eat 
+ 
ane GAGCTCTCTCGACGCAGGACTCOOCTTOCIGAAGCOCOCACGOCAAGAGOCGAGGGOCOGCGACTOGT BAGTACG = 296 


ENIO  AGATCOATGEQRARAAATTCOGT TAAGGCCAGOGOGAAAGAAARAATATARATTAAAACATATASTATOGOCAAG 446 


aus AspargirpGlutyalledrgleuArgProdl yGlytysi ysl yatyel yal oul yshigllevalirpAlaSer 


LLLI CAOGQAOCTAGAACGATTCOCAGTTAAYCCTOGCCTGTTAGAAACATCAGAAGOCTOTAGACAAATACTGUQACA 521 
s ArgGluleuGlvArgřho! ave tAsnProGl pLevi euGluThrSerGluSlyCyakegGint leleuGiyGin 


BHI GCTACAACCATCOCTTCAGACAGGA TCAGAAGAACT TAGATCATTATATAATACAGTAGCAACCETCTATIOTOY 34 
euGinthrGl yierGiuGigl avdrasertaulyrAsntheVaidlathrtaulyrCy eval 





Hind IHI 
H10 GCATCARAGGATAGAGATAAAAGACACCAAGOARGCTYTAGACAAGATAGAGGAAGRGCAARACARAAGTARGAA bri 
Hi sGlrår iei Atateudapt yelisGludluGiaGinkent ysSertyatys 








Pye IT GAG p47 mjane GAG pA 
EHIO AAMAGCACAGCAAGCAGCAOCYGACACAGGAÇACACCAOTCAGGTCAGCCAAAATTACCCTA YAGTOCAGAACAT 74k 
¥Bi sSarSerGin¥al SerGindanlyrProlievalGlndenlle 








ha FII 
TTRAATOCATOGGTAARAGTAGTAGAAGAGARGOC 82I 
eValValGiuGlud yoata 


ERIO CCAGGGGCAAATGUTACATCAGGCCATATCACC TAGAA 
GinGi yGiaMekValAt w 


isa 





1 
BHIG TITCAGCCCACAAQTAATACCCATOTT TTCAGCATT ATCAGAADOAGCCACCCCACAAGATTTARAGACCATOCT aid 
s rhelertrogiuvelt LeProMatPhaSerdl sl euserSiudlyaAla: e 


ENIO AAACACAQTGOGOGOACATCAAGCAOCCTATOCAAATGITAARAGAGACCATCAATGAGGAAGC TGCAGAATGGGA ort 





BHID TAGAGTACATCCAGTOCATGCAGGGCCTAT I GCACCAGOLCAGA TGAGAGAACCAAGGGGARGT GACATAGCA 1046 
ans „Araeihi e”roVvaii WMlaGlyFrot gat aProGlyGintatar aGlufrodrgGlyieraal | ahisely 


BHIO  AACTACTAGTACCCTTCAGGAACARATAGGATOGATGACARATARTCCACCTATCOCAGTAGGAGASATYTATAA 1121 
Thr The Ser Thei auGinGluGinl LeGlyTroMet ThrAandanProProl beProWalGiyGinliatyrive 


She AAGATOGATAATCCTOGGAT TAAATARAATAGTAAGAATGTATAGCCCTACCAGCAT TSTOGACATAAGACAAGG 1896 


ons Arairpliel letavGlylevAantystleve Lar ghetT yr SaefratieSart datouhspliadradinGly 


(i 
BHIG ACCAAAAGAACCYTITAGAGACTATÖTAGACCOGT TCTATAMAACTCTAADACCCOAUCAARCTTEACAGGAGOT R7 









ans _frotva GAsplyrValAapdraPhelyriyathetaudrgl Gi udindlaSardinGluval 
BHIO AAAAAATTOGATGACAGAAACCTTOTT 1346 
ans -tyshantrattees 






BHID ACCAGCGGCTACACTAGAAGARATGATOACAGEATGTCAGGGAGTAGGAGOACCOOGCCAT AGGCAAGAGTTTY + 
ProdtablathriauGluGlutetMetThralaly: errereen kiri ae 








‘GRGCCAAGT ABCAAAT ACAGCTACCATAATCATOCAGAGAGGCAATTTTAGGRACCARAGAAA 1496 
SerGinVall DASAL attherl LetetNarGloar gil ygn 





bow Oreck Repeat on 
BHID GATOGTTAAGIOTTYCAATIGTOOCAAAGARGSECACRCROCEAGAAAT TOCASOGECCCTAGGAAAAAGGOCTE ISPs 
ey inllestrathekancysGlylysdivGiyii starAl shrokanCyshrakiaProhrat yetyaGlyCen 
en se fps ae tear Se eB 


Aenean aama F =r 1 neamme mmm mar ia GA e m a e 
Ile iye Arpi 


a 
i pes Direct Repeat sut == POI i? H 
BHO TIOOAAATOTGGAMAGGAAGGACACCAAATOAAAQAT IGTACTGAGAGACAGGCTAATTI TF TAGGOARTRTETG 1646 
TrplysCysGlyt yeGluGt YI sGinhatlyshvecyathrdlukraGloalshenthal a0 yt valisire 
luspa 









to Di rget_ Renart "Direct 

BHI GCCTICCTACAAOGOAAGGCCAGOGAATTT ICTTCAGAGCAGACCAGAGCCAACAOCCCCACCAITICITCADAG 7R 
eea iret vaelyarat reg? AsnPhal euGinSerdraProGluProThrAlaPraProPhet auGinSer 

aus AlaPhel euGinGl y! ysalakrqdluPhesarserGluGlathrarghlsksnsertrather lore aAA 


Rengst nnd i 
AGACCAGAGCCAACAGCCCCACCAGAAGAGAGCTTCAGGTCTOGOGTAGAGACAACAACTCCECCTCAGAAGCA 1796 
SAEN SAR roGiuPrathrAls?raProGiudluser hnr SeratyvaiGluthe The TheProfraGint ysOin 
sintr aeProthrar ake gGiulevGinvel TepblyArahaphscdanserProserGiuAla 





BS äăě o- 





GAG pt 
10 OGAGCCGATACACAAQGAACTOTATCCTTTAACTTCCCICAGATCACTCITTOGCAACGACCCCICGICACAATA 1871Y 
me celoPrel leAspt ysGlateulyrProleuthrserleyArqsert ouPha0iyasnispřroserSarŐln 
G hi 


The¥alSerPhedsnPhefrosinitethri aulraGindrgProt eukal Thrita 





SHIG AAGATAQDGGGECAACTARAGGAAGCTCTATTAGATACAGGAGCAGATOATACAQTATTAGRAGAARTSAGTTTG 1446 
LyslleGlyGlyGinieut ysGluAlaloul wAspThrGlyAloAspAsnlhrV¥ail aud luGlumet Serteu 
Bus ee aospepeivin ee baa Ace E RENAME NOR Na ana mm at e 


10 CCAGGAAGATOGAAACCAAAAATGA TAGGGGGRAT TGGAGGTTTTATCARAGTAAGACAGTATOAICAGATAETC ZUTI 
ss a EA O pata leGl Oivi leI vl yPhof lol yavalaraSintyrAspOln? imieu 


H TAGAAATCTGFGOACATAAAQCTATAGGTACAGTATTAGTAGGACCTACACCTOTCAACATAATTGGAAGARAT = 2096 
pits TeGietlecyeeiyht si yoalat leslythrvaltauvslolyProtheProvalaan!1el Lei yargasn 


BHS wane rere rnamm aa nen rena naman nee Lace ne Ren ear etm mt 


Aha Fil 
CIGTIGACICAGAT TOOT IGCACT I TRAA TTT TOCCAT TAGRECTATTGRGACTOTALLAGTAARATIAANGEEA EYI 
a CeuleutheGtol leoiycystirl cuksatheProfteserfrafieclvihrvaifrovalcysimtyahro 
Pry eeeeebenielineeisesaueet tn enaiammapenneianaaiininarpestinn Saintes Wein cee aa eae Smeets maan 


BHIG GGAATGGATGGECCAARAGY TAAACAR TOGCCAT TGACAGAAGAAARAATARABGCATTAGTAGARATTIOTACA 2266 
GlytetAspGlyProt ya¥a}lysGiaTrpProt au thrGigGtutysitely 
PNS ween grr riWe wa rere aaa nananana ie arene paie 


BHIQ GAAATGGAARADORAGOGAAAATITCARAAATTOGGCCIGACAATOCATACAATACTCTAGTATITOCCATRAAG = 2521 
6 kysi toli i PRGA Lys 
BHS å ~ 


AAKSRAGATAGTACTABAT GUAQAAAAT TAGTADA TT TCAGADAACT TART AAGAGAACTEAAGEDTICTOGGAR 2398 
aie teat vakapserthet yaTrparal ysiasValdapPhede gS bulovdant graral brGindsnPhet rat: iu 


BAS won ree eee sem a ai aa inane 


Beg 


H AAT TROGAATACCACATOCCOCAGGOT T AAAABAGARARAATCAGTARCAGTACTOGATGIOOSTGATOCA 2471 
ces Yoldintegtty! leP roti roAlaOlyieulyslysl ysl ysier Val The¥all aoeota LGlyAspale 














AGTICOOTIAGATGAAGAL E TCAGGAAGTATAC TOCA TTTACCATACCTAGTATARACAATOAGACA 2546 
sted Torre poervalPrst duAdsgGiudspPhedrgl ystyrthrk faPhet he llekrotart Fakenhandluihe 
SHS nen e ere ene ne tere mae tearm ape re a Mimin miem m e m G Seu ae me m m e e 
BHID CCAGOGATTAGATATCAGTACRATCGIGCT TCCACADOGATORAANEOR TCALCAGCARTATTOOAARGT. at gees 
r 


ProGtyt ieheal yrGliaTycAsnval lauF roth 
ps -eraan h rnb dk biiddein 








Aha Lit 
AT AGAGCOT TTT AASAAACABRKA TCOAGACATAGTIAICIATCAATACATOUATGATTIGIATGIA Z496 
had ShelyelstavelPraPhel ya rasina rokani lefallistyrointyrRat hsensot euryrVal 


Arq 


ANING 
ACIR 
RESIDE 


438 
ú 


LE 


he 











an. 




















ants 





ThgyaidinProt datait euProGlut yedepSerTrplhrvaidsnAsal iedlal ysl au’ 








QUATCTOACFTAGARATAGOOCAGCA TAGAACAARSATAGAGGAGC TOAGACAACATCTGTIGAGGIGOGGACTT «277% 
GiySer: Raph euGiul 1eGl yGlntt tArolhriysi LeGiuGlut evArgdintt MevloukegtesOlyiev 


AY eit e irene ans oh eee a h 


ACACCAGACKAAAAACAT CACARAGAACCTCCATTCCTTIGGATOGOTIATGAACTCCATCCIGATAAATGO 2846 
Merheapraasch yakysti asGinlysGluProProPnet aut TeptlatkGh yT yeSiet auhi aProdepiystrp 


1 
ACAGTACAGCOTATARTGCTGCCAGA: gusaaacaCiEc S0ACTOTCAATGACATACAGAAGT TAGTGOGGAAATTO 2028 
ytystov 





he 


MATTGGGCAAGTCAGATTT ACCCAGOSAT T AAAGTAROGCAATTATOTARACTCCTTAGAGGAACCARAGCACTA 299% 
AsmTrpAlaSarGini letyrProGly! Lelys¥alArgGint suCyat ysieutaudraGlyThriysAlateu 


Beene ean m nent enene Peene nan na renneeeeee renee toutes Seeoeiepenneenilind 





ACAGAAGTAATACCACTAACAGAAGAAGCAGAGC T AGAACTOGCAGAAAACAGAGAGATICTAAAAGAACCAGTA 3071 
TheGluVallieFeal. euTbrGluGlud B aGluleuGiul eui aĝi vAsnárgðlul lelauiysGiuProval 


CATOGAGTOTAYTATGACCCATCAAAAGACTTAATAGCAGARATACAGAAGCAGGOOCAAGGCCAATOGACATAT 3146 
Ri eGly¥et TyrTyrdephroSert: yshapteull Tesh aGiu Th aSinkyaGinGh yGiNGl yGintrethe tyr 


CAAATTTATCAAGAGCCATT TARAAATC: TGARAACAGGARAS TATGCARGAATGAGOGOTGCECACACTAATOAT 3223 
Gini t aTyrGinghuP roPhetysAent aulysTheGlyt ystyra Ladrghatargol yki ati stheAsndap 


on ANAACAATTAACAGAGOCAGTOCAAAAAATAACCACAGAAAGCATAGTARTATOGOGAAAGACTCCTAAATT? hee 
Vall ysGintauThrGiuAlaVelGini ysl Lethe ThrrGluSerlieVell TheTreGiylysthrPratysPhe 


NEN eta ACA OGRA AACA TOUTOORCAGAOTAT TOOCAAGCCACCIGOATTCCTGAGTGG 3371 
rol keGi: Antyssiuthrt reGiuThrTeptepthedl vTyrtrpĝi nàlathrTrøllaProGiutTrp 


deann anAunaneememmenuneunnen na Caeaennnemnenn nemna yemen 





GAGTTTGTT: ESE E A 3406 
GiuPhaValAsnThrProProl eu¥s: iiysleviretyrGiniauGlub: yaGluProl 1 a¥olGh Ak aCiethe 


TYCTATGTAGATGOGGCAGCT AACAGGGACAT TAARTTAGGAAAAGCAOGATATGTIACTAACAAAGGAACACAA 35521 
Phefyria LAapGlyAlaAledandrgGluthrt yal. uly ysl aGhytyrval TheAsalysOlyAravin 


Neen eew enn me nme ete Fink atom eee e ot 00a ahi 


Ser arg 


AAGCTYGTCCCCCTAACTAACACAACARA TCAGRABACTGAGT TACAAGCAATTTATCTAOCTTIGCAGGATICA 3596 
LyaValValProtmuThrAwnthe ThrAanGiniysthrGluleuGinalal AalyrtowAlat euGindseSer 


wave nuehewwonennCaanemenandrcenenGanwenfernecewnan eae ee 


Thr Mis tes 


‘BOAT TAGAAGTAAACATAGTARCAGACTCACAATATOCATTAQGAATCATTCAAOCACAACCAQATAAAACT: QAR 3675 
$ Biyteudluy: ai AmiI igVelThrAspSerdlalyrAlateuGlyl lel LeGindladinProdspt yaserGly 


paei 





4 TCAGAGTTAGTCAATCAABTAATAGAOCAGTTAATAAAAAAGOAAAAGGTCTATCTGGCATORETAECAGCACAC 3746 
SerGiuleuValAdnGinllelleGluGlolaylielyslysOlvlye¥elTyrlaudletrpvalProAleni s 





(AAAGGAATTOGAGGAAATGAACAAGTAGATAAATTAGTCAGTOCTOCAATCAGGAARATACTATTITTAGATOOA 3821 
hyaGlylteGa yGlyAanGluGin¥elAgpl yal euvalSerAleGlyiiedrat yalleleuPhal sudepGly 


ATAGATAAGOCCCARGATGAACATOAGAAATAYCACAGTAAT TOGAGAGCAATGOCTAGTGATITTAACCTOCCA 3096 
Tighent ysAleGinkaggiuttt 20 sOlubyelyett aSardantrpdrgilatetAladertapPhedent euPro 


yy 
CCTGT: AOTAGCAAAAGAAATAQTAGCCASCTOTGATAAATOTCAGCTAAAAGOAGAADCCAT! SATGGACAAGTA 63971 
ProvalvalslaLysGhutlevessiaSercysteptyaCysOinevtyedlyolualsneritt aGlyGinVal 


GACTCTAGTCCAGGAATATOOCAACTAGATTGTACACATTTAGAAGGAARAGTTATCCTOGTAGCAGTICATGTA 4046 
AapCyeSerProGlyllelrpGinieudepCyetheti ef euGluOlylyaVallleleuVelAlavalHi sVel 


ihe III 
GCCAGTOGATATATAGAAGCAGAAGT TATTecageAaaancangocaagaaacagcararzrtett TitaAAA T ua 4121 
AlaSerGlyTyclleGiuAl eGieVallleProkleGluThrGl yin’ Hyak out avi 








QCAGGAAGATGOCCACT AAAAACAATACATACAGACAATGGCAGCAATTICACCAGTGCTACOGTTAAGUCCOCE 4194 
AinGiykratretraveltvethrilentsthrAwonendlySarAanPhatheSeralsthrVeltyenisAls 


Fot Toorooocosonarcangcaooant YOGS TTECCTACAATÇCCCAAAOTCANOBAOTAOTACANTCTATO 4271 
by ‘epAleGtyliel yeOlnGiuPheGl yl eb: soProGinSerGinGs iyVel Yai 








AATARAGAATTAAAGRAAATTATAGGACAOGTAAGAGATCAGOCTGAACATCTYAAGACAGCAGTACAAATOGCA 4346 
AantysGtuleuiyst ys! let AaOlyGlnValarahssGlnad aGlulielauLyathrAjaValGintatale 


GTATTCATCCACAATITTARKAGAAAAGOUOGGATT TIQGEGGCT ACAGTOCAGOGGAAAGAATAGTAGACATAATA 4421 
Val hell aNi shenPhal ysdr: aGiyGlylleGlyGlyTyrSarkl sGlyGluAcgi leValAsplielle 


QCAACAGACATACAAACT AAAGAAT TACAMAAACARATTACARAAATTCAAAATTTTCGOOTTIATTACAGGGAC 4496 
AlaThrAuplieGinthrtyeGiuteuGiniyaGini lethrtyel leGindanPhadravaltyrTyrdrgise 


SOCAOAAATCCACT TOOARAGOACCAOCRAAGETCETCTOQAAAQGT GAAGOGGCAGTAGTAATACAAGATAAT 4571 
rokavu Trot ysGlyProAlal yaleuleuTret yaGlyGluGiyAisVelVellleGindspAse 





bf 





so 
sorgace anaseragtuscasoandAsangcasncercar TADOPATTATQOAMAAÇAGATOQCADOŤGATÇAT 4646 
Ari Valve alyalla: rg a nis ai 
ET eyso insun lul yabinkrasertavdlyi eked aTukandrgtreinveinetiie 





POL 

TOTOTOOCAAUTAGAGAGGATGAGOA TAGAACATGOAAAAGTITAGTAAAACACCATATGYATOTTYCAQGOAA 4721 
CysValAleSarArgGindapGl ui aoe 

Te pGi nva ‘AspArgletAral wAratheTrpt 












AGETAGGGGATOGTTTTATAGACATCACTATGAAAGCECTCATCCAAGARTAAGTICAGRAGTACACATCCCACT 4796 
Abode gGiytepPhalyrArghi: "i alyrGiuSerProti sProdrgl beSurSerGivi¥ai hi atleProleu 





bape ent ad nahy TOGTAATAACRACATATTOGOGTCTGCATACAGGAGAAAGAGACTOGCATTTGGOTCAGGG 4871 
Siyhephl shrokectes] i eThe tar tvetrsiivteulti s GlyGluAr ghapT rph: wuSlyGinGly 


AGTCTCCATAGAATGOAGGRAAAAGAGA TAT AGCACACRAGTAGACCCTOAACTAGCAGACCAACTAATTCATCT 4946 
ValSert LeSivTepdratyat gl yeSerThrGinValAspProGiul qual eAepSinievl Letisles 


net Seethethy! PERSE Sey nein tel beet roOlulquatehepdint ovili st « 


> Aro 


GTATIACTYTOACT: TTT TCAGACTCTOCTATAAGAAAcoCCTT: TATTAGGACACATAGTTAGCCCTAGGTOT syi 
TyrTyrPhad: Cyathea: SerdepsarAlallaArglysstal o wuleuGiytt el lavalSerProaratyagly 


Aotnane tence san cee eat a ene 


AtCAAGCAOUACA: ;ATAACAAGGTAGOATCTCT. ACAATACT TOGCACTAGCAQCATTAAYAACACCAAARAAGAT 5096 
“yroinateoiyet sAuol yaVelGiySeriauGIntyrlevAlal el ah LateuitetheProt yst tysile 


: aa Vai 


AARGCCACCT TTGCCTAGT GT T ACGAAACTGACAGAGGA T AGA TOGRACAAGCCCCAGAAGACCAAGOGCCAC: $171 
a Tortni metre ioasearol raient ysreaBiniyaThelysGlyht stra 








oT 
GOGAGCTACACA: ST CAATOGACASTADAGCTTTTAGAGGAGCTTAAGAATOAAGCYGTTAGACATITTCCTAGG Sake 
“Giyserh tetheMetAsnGlyHie 


AYTTGGCTCCATGOCTTAGGGCAACATATCYATGAAACTTATGOGGA 





TGOGCAUGAGTGGAAGCOATAATA SIZI 


Eco RI Sal 
AGAATTCTGCAACAACTGCTGTTTATCCATTTTCAGAATTOGOTGTCOACATAGCAGAATAGOCGTTACTCOACA 3396 


a aS Ste Se aa Sit 


GRGGAGAGCAAGAAATGGAGCCAGTAQATCCTAGACTAGAGCCL TOGAAGCATCCAGGARGTCAGCCTARAACTG Sart 


CTTOTACCAAT TOCTAYTGTARAAAGTGTTOCT TT TT TGTITCA 


EAT EA renner ennenen: 








MAAAGCETTAGCCATCS 33544 


CCTATOOCAGOAAGANGCOGAGACAOCOACOM GAEC TECTCAAGOCAGTCAGACTCATCAAOTTTCTCTATCMA 562+ 






Pe aP E E E sa 


AGTACATOTAATGCAACCT: 


na momen annman 








Enema Cohn T-BOE: 
TAQTTOTOTOOTCCATAGTAATCATAGAATATAGGAAAATATTAAGACAAAGAAAAATAGACAGOTTAATTGATA $771 


Vi 
GACTAAT: AGAAGACAGTQGCAA TGAGAGTGAAGGAGKAATATCAGCACTIGN GGAGATOUGCOTGG 5546 
LyaGluGint vaThrValal: Kat thr ave tlysGlut ys! yrGinki si wuTrpdrgireGl ylep 


AGATOCOGCACCATOCTCCT TOGGATOT TGA TOATCTGTAGTGCTACAGAAARATIGIGOGTCACAGTCIATTAT 5921 
AnglepGlytheMeti aul auGh yMett euMat aad 


nee n lace nee n een ewe 


TACT STI iseabiualice sna tana sai ach inaamioeek 5936 
GlyValProvaltrptysGiua Lethe Tre ThrleuPhacysAl aSerdspAisiysAl laTyrāapthróioVa t 





ICAAATAGCAATAGTAGCAL JTTAGTAGTAGCAATAATAATAGCAR 5694 


431 


ass 
abt 
soe 


531 


$31 
$56 


ant 


706 


73 
756 
78) 


906 


OSs 


1045 
“3 


79 


145 


we 


98 


283 


22 


«7 


72 



















CATARTOTTEOGOCERCACA! TOCCTOTOTACCCACAONCCCCAACECACAAGAAGTAGTATTOGTAMATGTGACA 607 A 
anvalt rpålati Cys¥alProthrsepProsanProGinGluValValleuvsiAsnves Thr ; pe ES 








QAAARTTTTAACA IGTGGARAAA TGACA TGGTAGAACAGATGCATGAGGATATAATCAGTT TA TGOGATCARAIC | 
Gluk enPhedentet) Trpl ysAand apMat¥aiGluGlaNeti sGludspiiel LeSerkeuTrpAspSinSar 





stag 





CTAAAGCCATGTOTAAAATTAACCCCACTCTGTOTTAGI T TARAGTOCACTGAT $ TOALOAATGATACTAATAGC Gi 
rarr a ramene ero emeve seri enlyocyeihrameLaulytimni ser hraantar A 


AATAGTAGT AGCGGGAGAATGATAATGOAGAAAGGAGAGATAAAAAACTOCTCT TTCAATATCAGCACAAGCATA 
AenSerSerSerGi yar ghet?, demetGlut ysi yGOlullelystenCysSerPhefsnlleSerthetarile:: 


tthe iecnd Nine Sta th sieht pa panatas Sots aes Einion be 





AGAGGTARGGTOCAGAAAGAATATGCATT TITTTATARACTTOATATAATACCANTAGATAN ATACTAC 
ArgGlylys¥siGint: yeShuTyrAl aPhaPhetyrlyal evdapk lel laPrel, Js spksnkeatnr Theia 


JATACGTTGACAAGT: ZOT AACACCTCADTENTTACACAOQCCTOTCCMMAGGTÄTCCTTTCAGECAATTCECATA 
TyrThrbautheSerCystantheServa i F l LathrGindlatysPeok yovaijenfiedh afre 


CATTATIGTCECOSGCTOGTITTOCGATTCTAAAATGTAATAATAAGACOTTCAAT! ATOOARCABOACCATO! 
Hi sTyrCysAlaProdtaGl yPheal al Tat heubysCyshanAsnt: yaThrPheksnGi apes 


vonenweneenetennnenmeni mina oie ae reh t an name E She P A SA OOE P m Sa i E ees 


tarorcaoctcagtacaazorAcaca aoaarraocccagtastatcasccaacToctoT rékatccastere 
AanValSerTheValGintyathe Ht i aGlyl adr gProVaivalSerthrGintevteulwuk: Rany ieu 






Meena e manmanm enn E a a: 


GCAGAAGAAGAGGT AGT: an tiiri ioccarrrcacaoncantocr, ABAACCATAATAOTACI CASE Toha CAR: 
AlaGiuGi uGluval Val: fs SledrgSerAladanPhetbrAspAsndlel yathrilel EONA IDin a ANGA x 


[daiat jaiei poapeitibkndir Sheena nen nnn enaetn nnam ACH. 


val Coke TiN 


TCTOTAGAAATTAATTOT ACAAGACCCAACAACAATACAAGAAAAAOTATCCOTATCCAGAGA GAOGACCAGGGAGA 
SerValGiuli whan yal neArgProhsndsndynThrAralyaSecl dedegi ainar ehetresivice k 








ive, 


GCATTYGTTACAATAGGARABATAGGAARTATGAGACAAGCACAT IGT: SACKTTAGTAGKOCAAAATOCEATAAG 
AlaPheVaiThrl leGlyiyslleGlyAantetArgGinAl shi styshanlieSerArgdlat ysl ripis 


ereaneerneeueenverer emen oath Stasi aes tals Sines nce SAAT * SAE, 


ale 


ACTTTAAAACAOATAOATAOCAAAT TAAGAQAACAATTTGOAAATAATAAAACAATAATCTITAASCAGTECTCA 
TrrLeulyaGial LehepSert ysl euArgGluGinPheGl yAsnAant yeThrii of LePrat yaBinbeeSer 








GGAGGOGACCCAGAAAT TOTAACOCACAGTITTAATTGTGGAGGUGAATTTTICTACTOTAL ART TCABCACAACTO 
ai voetaerrente TieVelThriti sSerPreAenCysG? yGbyGi pease ALCL w 





CTCCCATGCAGAAT AAAACAAAT TATAAACATGTOGCAGGAAGT AGGAAAAGCAATGTATOCCCCTCCCATCAGT 
LeuProCysArallelysGint Lelledsntiat TrpGinGiy¥aiGl yiysA latet Tyrki aProPraliaSer 


OGACAAATTAGATOTTCATCAAATATTACAGGOCTOCTATTAACAAGAGATGOTGSTAATAGCAACAATGAGTCC 
GlyGinledrgysSarserkent LaThrGlyleuleulLeuThrArcAspbiyGl yAsnSerAsmAsnOluser 





GhSArCTYcaaacctossaoAgoAGATATOAOOGACAATTUGAOAAGTGAATTATATAAATATARAGTAGT AAA 
GiullePheAraProGl yGtyOlyAsphetArgkspAant GlutaulyrlystyelysValVelt ys 


ATTOAACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTOGTGCAGAGAGAAAAAAGAGCAGTGGGAATA 
BLeGiuProtauGlyVelblaProthrt yadiel ysdrchrovel ValGindrgSlut yedegs LeValBly! ie 


GOAGCT TTOTTCCTTOÝOTTCTTOORAOCAOCAOQARBCAT T ATPOUCOCAOCOTCAATOACOCTOACOOTACNT 
Gi: LmuGlyAleALaGl ySerTnrMetGiyAled 


GCCAGACAATTATTOICT OUT ATAGTGCAGCACCAGAACAATT TOC TGAGOGCTAT TGAGOCGCAACAGCATCTG 
AlaAraGini oul euSarGly!lavalGinGinGindasndsnt oui eudrgd lal isGluAlaGinginii ateu 


pepaptelia inatrintasenaeincsinind Snabipeoanienianints aap Slater ir m amat e e 7 m mee m t e DODO 


giy 


TTOCAACTCAI ITETOOGOCA TE AAQEADETCEAOOCAAGAATCCTOOCTOTOREAAGATACCTAAAOGATCAA 
[Welateutneval tees L yaG] ratiatevdlaveldivdrgtyri aul yadepGln 


CAC TCCTOGOOATT1000G1TOCTCTOGAAAACTCATTTOCACCACTOCTOTOCCTTGOAATOCTAGTTOGAGT 
OinteuleuvGly! LetepGlylyaSardiylysleut LeCyaThr Thea 1aVaiProt ae 














MATAAATCTCTOGAACAGATITOGAATAACATOACCTOGATOGAGTOGOACAGAGAAATTAACAATTACACAAGC 
AankyaSerlevGludinIeTrodsndgatet thr FrptetGiuTrpAspargdiul LehandantyrTheSer 


TTAATACACTCCTTAATTGAAGRATCOCAMAACCAGCAAGAARAGAATGRACAAGAATTATTGGAATTAGA TARR 
Leulleti sSerteul leGiuGlusarGinkanGinGinGlulyssnGluGinGlut euleuGiut audspt ya 


TOGGCAAGT TTGTCUAATTOGTTTAACATAACAAATTOGCTOTGGTATATAAAAS TATICATAATGATAGTAQGA 
TrpAlesert suTrpAenTrpPhedaniialhrAanirpieuteptyel lelyatauPhalletat! TaVelGiy 


TTGGTAGOTTTAAGAATAGTITTTOCTGTACTTTCTGTAGTGAATAGAGT YAGGCAGOOATATTCACCATTA 
Sivieuvater vlaudrglleValPhetlaVelleuSerVaiValdendravalargGlnGlylyrSarFroteu 








Sle 


YOGT TTCAGACECACCTCCCAATCCCORGGGGACCCGRCAGGCCCGAAGGAA TAGAAGAAGAAGGTGGAGAGAGA 
SerPhaGini helt st auProl Laf roAr et ri cohende trams ult yi tel inl iu lusiveiyPletes 


tan 


GACAGAGACAGATCCATICOAT TAGTGAACUGATCETTAGCACTTATCTOGOACOATCTOCOGAGCCTETOCTC 
AuphrghspargSarl. Lebrateu¥alAsnGlySerieuAlel aut LatrpAupAspleudraserleutysieu 





TICAGCTACCACCCCTTGAGAGACTTACTCTIGATTGTAACGAGGATIGTOGAACT TC TGGGACGCAGOGGGT GG 
PheSerTyrhi sArgieudrgaspleutauleul davalThréral leVelOluleuteudiyArghraGl yt ep 


SEAQCEETCAAATAT TOOTOGAATCICETAGAOTATTocaaTCAOGAOCTAAADAATAOTECIC Faber recre 
G rirplephenteuteubinlyrtrpSarGinGlul aul yaa: E 


aaemama ninuman vipi rione lai wet 









x 
AATGCCACAGCTATAGCAGTAGCTGAGGOGACAGATAGGGT TATAGAAGTAGTACAAGGAGCTTATAGAGCTATT 
AsndlaThrAlalleAle¥aiAlaGiuGlythrAspArgval liaGluValValdinGlyAlatyrArghlelle 


Arwen e tenet een ee anne danseatennamanwaw newman Tm mam anaemia atm m 


Leu Ala 


OR meet 
COCCACATACCT. AanAona anoncoagctTUGARAGGATY}TOCTATAAGATOGOTOOCAABTOGTCAAAAAG 
Arahi sI LeProdrgér gl lade gGinG) yleuGludrgl!: tet 








TAGTGTOGTTOGATOGCCTOCTOFAROGGAAACAATGAGACQAGCTGAGCCAUCAGCACA TGOGOTOGGAGCAGT 


psi aR ena NGOS: 


AT CTRGAGACCT AGAAAAACATCOAOCAATCACAAGTAGCAACACAGCAGCTAACAATGCTGAT TaTOCETOOST 


E ARA a E Ta rae gat Seer manaa 


AGAAOCACAAGAGOADGAGOAGGTOOOTTTTCCAGTCACACCTCAGETAG ACCT TTAAGACCAATGACTTACAAGOC 


Pyvell Bgl IL ame, 1 
sia rina Tract IR 


4: 
Pol 
AGCTOTAGATCTTAGCCACTTTTTARA JAAAAGGGGGGACTGGAAGGGC TART TCACTCCCAACGAAGACAAGA 


{Bas 


Baar CTACCACACA 


baad Sakmann ead 


TT AGCAGAACTACACACCAGGGCC: korri 


CAGATATCCACTGACCTTTGGATOGTOCTACAAGCTAGTACCAGTTGAGCCAGAGAAGTT AGARGAAGCCAACAR 


aera aiara ta itae aaa were atelier era ery pea ma maneu nanh anamannan aaaea 








GAGOTTTGACACCCOCCTAGCATTTCATCACATGGCCCGAGAGCTGCA CEGOAGTACTT CAAGABC TON TEACA. 


TEGAGCTTGCTACAAGGGACTT TCCGCTGOGGACTT TCCAGGGANGCOT OSCE TGGGCOGCACTOGSGAS TOOLS 
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- Fig. 2 Distribution of open reading frames in HTLV-II. The positions of termination codons are indicated for each of the three possible 
reading frames as a vertical line within each box. thicker lines represent clusters of closely spaced termination codons. The positions of 
“consensus splice donor (D) and acceptor (A) sites” are shown below. The nucleotide sequence positions are also indicated below, starting 
from the transcriptional initiation site. The positions of the four largest open reading frames are identified as gag, pol, sor and env-lor, and 
the position of the first ATG codon (M) in each reading frame is indicated. A fifth open reading frame (3'-orf) is found in clone BH8, but 
not BH10; the broken vertical line indicates the position of a termination codon in BH10. 






















HTLV-II results often in profound immunosuppression 
AIDS), consequent on the depletion of the OKT4* cell 
population’®'*“'-* This effect is mirrored by a pronounced 
cytopathic rather than transforming effect of HTLV-II infection 
upon the OKT4* cells in lymphocyte cultures in vitro'®!'7°. In 
ntrast, infection with HTLV-I results in a low incidence of 
ell leukaemia lymphoma (an OKT4*-cell malignancy)" $ 
There is evidence also for some degree of immunodeficiency in 


by HTLV-I and -II results in in vitro transformation of pre- 
minantly OKT4* cells***°, A cytopathic effect of HTLV-I 

infection on lymphocytes is apparent, but the effect is not as 
nounced as that in HTLV-I1'61745-+8, HTLV-II! differs also 
from HTLV-I and -II in the extent of infectious virion production 
n vivo and in vitro. High titres of cell-free infectious virions 
can be obtained from AIDS patient semen and saliva and from 
the supernatant of cultures infected with HTLV-III'°?*!. Very 
few, if any, cell-free infectious virions can be recovered from 
ATLL patients or from cultures infected with HTLV-I or -11*?. 
: ‘To investigate the biological activity of these viruses in vitro 
and in vivo and to provide information useful for the develop- 
ment of diagnostic and therapeutic reagents for AIDS, we have 
determined the complete nucleotide sequence of the HTLV-III 
provirus. 


Genomic structure of HTLV-II 


Several closely related clones of HTLV-II DNA were obtained 
m the H9 cell line infected with HTLV-II] present in the 
lood pooled from several American AIDS patients'®. The com- 
plete primary nucleotide sequence of three uninte egrated viral 
clones of 8.9, 5.3 and 3.6 kilobases (kb) in length?” was deter- 
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CLONE U3 8824 GAGAAGTAAGAAGAAGCCAATAA: 


HTLV-I patients®™. Infection of primary lymphocytes in culture, 


mined with the partial sequence from an integrated proviral 
clone” (Fig. 1). 

The HTLV-II] provirus is 9,749 base pairs (bp) long. The 
overall structure of the provirus resembles that of other retro- 
viruses. The sequences that encode viral proteins are flanked by 
LTR sequences. The LTR itself is flanked by inverted repeated 
sequences two nucleotides long (Fig. 1). Four long open reading 
frames are identified in the viral DNA (Fig. 2). 


Long terminal repeat 


A detailed analysis of the HTLV-II LTR is presented else- 
where™; it is 634 nucleotides long with U3, R and US regions 
of 453, 98 and 83 nucleotides, respectively. The boundaries of 
these regions of the LTR were defined by localization of the 
5’-cap site by S, nuclease mapping and by measurement of the 
length of the strong stop DNA transcript, as well as by determi- 
nation of the 3'-terminus of the viral RNA by sequence analysis 
of cDNA clones. A TATAA sequence typical of eukaryotic 
promoters, as well as the consensus sequence for polyadenyla- 
tion, are indicated in Fig. 1. A transfer RNA binding site com- 
plementary to the 3’ end of tRNA" is located 3' to the 5’ LTR. 
DNA sequence homologies to the LTR of HTLV- P?, -1° and 
BLV® are indicated in Fig. 3. 


First open reading frame (gag) 


The structural proteins of the gag gene of retroviruses are 
derived by proteolytic cleavage of a polypeptide precursor 
encoded at the 5’ end of the genome”. Such a precursor, 512 
amino acids long, could be encoded by the first long open 
reading frame of the HTLV-II provirus (nucleotides 310- 1,869). 
The definitive assignment of amino-terminus of the gag precur- 
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Fig. 3 Nucleotide sequence homologies between HTLV-I, -II, -IH and BLV. Asterisks indicate identity of nucleotides to that presentat the 
same position in HTLV-II] (clone BH10 except where indicated otherwise). The nucleotide position of each sequence is shown. 
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„af the amino acid residues ara indicated. 
SOLI are Indicated. 


Env-lor sequences Lti, iZ, and 


Fig.4 Amino acid homologies between HTLV-HI predicted proteins and those of other retroviruses. Asterisks indicate amino acids ideittical 
at the same position as that predicted by the HTLV-II clone BH10 DNA sequence. Positions of amino acid residues are indicated. Sequences 
Li, L2 and L3 in env-lor are noted in Fig. 5. 


sor requires direct amino acid sequencing. A protein of relative 
molecular mass (M,) 53,000 (53K) has been detected in 
immunoprecipitates of HTLV-III-infected cells using sera from 
an HTLV-HI-infected person, as well as sera raised in animals 
by inoculation of HTLV-III virions'*'>“*. This 53K protein 
probably corresponds to the gag precursor of HTLV-III. 

The identity of the first open reading frame as the gag gene 
is established by the correspondence of the sequence of the 


ie “amino-terminal 15 amino-acids of the p24 major capsid protein 


(our unpublished: observations with S. Oroszolan) with the 
sequence predicted for the first open reading frame between 
nucleotides 730 and 774. Moreover, amino acid similarities 
between the gag gene products of HTLV-I and BLV were 
detected in regions corresponding to the p24 and p15 gag 
products??? (Fig. 4). 

Cleavage of the putative gag gene product precursor between 
amino acids 132 and 133 to yield the observed amino-terminus 
of p24 would produce an amino-terminal polypeptide 132 amino 
acids long. This protein would be similar in length to the amino- 
terminus of the gag gene product of HTLV-I (126 amino 
acids), A 17K virion protein has been identified that prob- 

“ably corresponds to this product’ 

The immediate juxtaposition of iie p24 protein with the 
amino-terminal p17 protein is like the structure of the gag gene 
products of HTLV-I? and BLV” which differs from murine, 
avian, feline and primate type-C and type-D retroviruses in this 
region, as HTLV-I and BLV seem to lack a short phosphoprotein 
encoded usually in other retroviruses by sequences between the 
amino-terminal gag protein and the major capsid protein coding 
sequences 4°76! | 

The third HTLV-II gag protein (p!5) reveals significant 
amino acid homologies to the p15 proteins of HTLV-I°* and 
BLV” (Fig. 4). There are direct repeats of the DNA sequence 
in this region of gag (Fig. 1), a feature common to both HTLV-I 
and BLV p15 proteins. The predicted p15 protein of HTLV-II 
is probably basic and binds nucleic acids, like the basic proteins 
of other retroviruses**°*™, (There is also a proline-rich sequence 
at the carboxyl end of the gag precursor that may encode a 
small polypeptide similar to the progagtin described by S. 
Oroszolan and co-authors (personal communication).) 


We conclude that the first long open reading frame of the 
HTLV-II] genome encodes the gag protein precursor, based on 
the location of the open reading frame near the 5’ end of the 





viral genome and the correspondence between sequences predic- 
ted for the gag gene precursor and those observed for the maj 
capsid p24 protein. The structure of the gag precursor resemble 
more closely that of HTLV-I and BLV than it does other retro- 
viruses, as the amino-terminal gag protein is nena Jux 
taposed to the major capsid protein. 


Second open reading frame (pol) 


The predicted amino acid sequence of the second long open 
reading frame (nucleotides 1,629-4,673) that overlaps the first 
open reading frame by 80 amino acids, reveals numerous regions 
of amino acid similarity to the pol gene products of othe 
retroviruses **°*°° (Fig. 4). These regions of conserved sequence 
are co-linear with those of other retroviruses, therefore we 
conclude that the second long open reading frame encodes the 
viral reverse transcriptase protein. 

Similarities in amino acid sequences in the virally ctigaded 
protease products of other retroviruses are present at the amino. 
terminus of the HTLV-III pol protein precursor?”.*!°”-”? (Fig 
4). Therefore, we suggest that the second open reading fram 
in addition to encoding the reverse transcriptase, also encod 
a protease. 

The 3’ portion of the pol genes of Rous sarcoma virus (RSV 
and Moloney murine leukaemia virus (Mo-MuLV) also encode 
an endonuclease of M,~ 40K°”’”'. Regions of homology between 
the polymerase genes of RSV°! and Mo-MuLV™ with HTLV-II 
suggest that the pol gene of HTLV-III also encodes an endonu 
clease. 

We note that the region of greatest nucleic acid sequence 
similarity of HTLV-IH to HTLV-I” is near the 5’ end of the 
second open reading frame (nucleotides 1,886-1,935) (Fig. 3), 
but this region does not encode a protein product in HTLV-I”? 

We conclude that the second open reading frame encodes the 
pol. gene, the reverse transcriptase and a protease at its 5’- 
terminus, plus an endonuclease at its 3’-terminus. We note tha 
HTLV-II differs from HTLV-I in the amino-terminal region of 
the second open reading frame as the repoa region w 
HTLV-I cannot encode a functional protease?” ; 





Third open reading frame (sor) 


The region between the second and fourth open reading frames _ 


- (racleotides 4,674-5,780). also includes an open reading frame _ 


(nucleotides 4,588-5,196), capable of encoding a protein 203 














































































amino acids long, which overlaps with the 3' end of the pol gene 
by 86 nucleotides. The 3’ portion of this region contains multiple 
termination codons in all three reading frames and therefore 
nnot encode a functional polypeptide (Fig. 2). Both the short 
open reading frame and non-coding region in this part of the 
-HTLV-IH genome have been identified by sequence analysis of 
two independent clonal isolates, BH5 and BH10. In addition, 

-the restriction map of a biologically active HTLV-III proviral 
DNA clone is indistinguishable from that of the BH10 provirus 
throughout this region (our unpublished observations with A. 
Fisher and E. Collalti). For these reasons, we suggest that this 
unusual sequence is common to replication-competent HTLV- 
Til viruses. We designate the 5’ portion of this sequence sor 
(short open reading frame). 

The predicted product of the sor region would be a polypep- 
tide of M, 21K. This amino acid sequence shows no significant 
“homology to any known viral or mammalian cellular genes, but 
~ there is a region of DNA sequence similarity in the non- -coding 
region (nucleotides 5,615-5,644) with the sequences found in 
the env gene of HTLV-P? (Fig. 3). Also, the overlap in the open 
reading frame of the second and third open reading frames is 
like the structure of the envelope genes of HTLV-I? and of 
BLV”. Thus, it is possible that the sor region of HTLV-III and 
the flanking non-coding region represent a vestigial env gene. 


Fourth open reading frame (env—lor) 


The fourth open reading frame (nucleotides 5,781-8,369) could 
encode a protein 863 amino acids long. There is a short tandem 
duplication (nucleotides 6,972-6,986 and 6,987-7,001) in the 
NA sequence in this open reading frame in one of the two 
HTLV-II] clones (BH10) sequenced (Fig. 1). 
© The predicted product of the fourth reading frame, env-lIor, 
shares many features in common with the envelope gene precur- 
sors of other retroviruses, the most striking of which is a hydro- 
phobic region near the middle of the protein (amino acids 
19-534)***+72-7 (Fig. 4). This region of amino acid conserva- 
tion is preceded i in the HTLV-II and other retroviral proteins 
by an arginine-rich hydrophilic region’ which includes also 
the processing site for cleavage of the env protein precursors 
to exterior and transmembrane proteins (see Fig. 5). 
The amino-terminal domain of the translation product of the 
fourth open reading frame also resembles the env protein precur- 
sors of other retroviruses. There is a short hydrophobic 
sequence at the amino- „terminus (amino acids 17-37) which may 
orrespond to the signal polypeptide cleaved from the env pre- 
cursor in the maturation process. Moreover, the region of the 
protein between the putative signal peptide and transmembrane 
-protein is hydrophilic and contains 24 potential asparagine- 
linked glycosylation sites” 
The structure of the amino-terminal domain of the predicted 
transmembrane region resembles closely that of other retro- 
ruses, with respect to both the relative distribution of hydro- 
phobic and hydrophilic residues and the relative location of 
teine residues? 7773-80 (Fig. 5). The HTLV-HI env-lor pro- 
; however, differs from envelope proteins of other retro- 
Ses in an additional 180 amino acids at the carboxy- 
terminus’? 134,37, 60,61 73 
In summary, we believe that the fourth open reading frame 
encodes an env precursor, possibly 826 amino acids long, 
without the signal peptide sequence. In its mature form it is 
probably cleaved into a large heavily glycosylated exterior mem- 
‘brane protein about 481 amino acids long and a transmembrane 
protein 345 amino acids long which may be glycosylated (Figs 
5). The size of these predicted products agrees with the 
etection. of a large glycosylated protein of M, 120-160K in 
‘HTLV-III- infected cells which is probably the glycosylated env 
gene precursor”? and a smaller, virion-associated gp41 which is 
probably the transmembrane protein?” 8 


Does a lor gene exist? 


The genomes of HTLV-I, -H and BLV differ from those of the 
non-acute retroviruses by the presence of a lor 3' to the env 
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Fig. 5 Structure of env-lor product of HTLV-II. The structural 
features of the predicted env-lor product of HTLV-II is compared 
with those of HTLV-P?, -I5 and the BLV Jor products**?’ and 
HTLV-I env product®*. Boxes above and below each line represent 
hydrophilic and hydrophobic regions, respectively’, Also shown 
are the positions of potential asparagine-linked glycosylation 
sites” and cysteine residues in the transmembrane proteins. Fol- 
lowing asparagine-rich sequences (R, asparagine; E, glutamic acid, 
K, lysine), the proposed cleavage sites between the exterior gly- 
coprotein and transmembrane protein are shown by an arrow. The 
scale for amino acid residues is shown at the left. LI, L2 and L3 
refer to amino acid sequences which are similar to those of other 
retroviruses, shown in Fig. 4. 


gene*??*5374!. This region of HTLV-I and -H is encoded by a 
2-kb mRNA®*!®? which is translated into M, 42K and 38K 
proteins, respectively®’**. There are several reasons to suspect 
that the 3’-portion of the fourth open reading frame of HTLV-III 
also encodes a protein with functions similar to those of the lor 
products of the HTLV-I and -H genomes. Most important is the 
presence of a 2-kb spliced mRNA species in HTLV-III-infected 
cells including the 3’, but not the 5’ portion, of the fourth open 
reading frame (our unpublished observations with S. K. Arya 
and G. Chan). This mRNA is long enough to include ~ 1,000 
nucleotides of the 3’ portion of the fourth open reading frame. 

The overall structure of the lor product thought to be synthe- 
sized from the carboxy-terminal 1,000 nucleotides of the fourth 
open reading frame of HTLV-II is similar in structure to that 
predicted by the nucleic acid sequence of the lor regions of 
HTLV-I, -H and BLV??? This similarity includes the size of 
the lor polypeptide, the presence of three hydrophobic regions 
spaced approximately the same distance apart and the presence 
of a carboxy-terminal hydrophilic region (Fig. 5). Such a protein 
may mediate the observed trans-activation of transcription of 
the viral LTR in HTLV-II ]-infected cells”’, as suggested already 
for the lor product of HTLV-I, -H and BLV ® 

There is a sequence of 292 nucleotides between the end of 
the fourth open reading frame and the beginning of the LTR. 
The purine-rich sequence preceding the LFR is similar to that 
of the site of second-strand DNA initiation”? (Fig. 1). 

We propose that the fourth open reading frame encodes two 
functional polypeptides, one that serves as the precursor for the 
major envelope glycoprotein and a second derived from the 3’ 
end of the open reading frame, corresponding to the lor gene 
of other HTLV-BLYV viruses. 


Heterogeneity in HTLV-III viruses 


Sequences from different clones of HTLV-IH allow an analysis 
of the level of sequence diversity of the virus. A comparison of 
clones BH8 and BH5 with BH10 (Fig. 1} demonstrates a 0.9% 
base pair polymorphism in the coding regions of the genome 
and a 1.8% base pair polymorphism in the non-coding regions. 
In addition, three 1-3-bp deletions are noted in the non-coding 
regions, as well as a 15-bp sequence present in one copy in 
clone BH8, but repeated tandemly in the env-lor region of clone 
BHIO. In the coding regions, most nucleotide differences are in 
the third codon positions; of those that predict amino acid 
differences between clones, most are non-conservative substitu- 
tions. The resultant differences in viral protein function remain’ 












to be determihed. Of note is the presence of a fifth open reading 
frame (nucleotides 8,344-8,991), designated 3’ orf, present in 
clone BH8 but truncated in BH10 (Fig. 2). 

The heterogeneity among HTLV-III clones shown here could 
represent sequence divergence developing in culture in a given 
individual over a period of time, or polymorphic differences in 
viruses from different individuals. Diversity among different 
HTLV-II isolates s seems to be greater than that between different 
HTLV-I isolates”**. Different isolates of HTLV-III comprise a 
spectrum of closely to distantly related viruses. Heterogeneity 
of proviruses within a given individual, however, has not been 
noted, Furthermore, a cloned HTLV-II provirus from another 
individual differs in 18 of 31 restriction enzyme sites mapped 
compared with clone BH10; the restriction enzyme map of this 
isolate did not change over a period of several months in culture 
(aur unpublished observations with B. Hahn and G. Shaw). 
Thus, it is likely that most of the divergence among the HTLV-II 
clones analysed here represents differences in strains in different 
individuals. The full extent of this diversity in the HTLV-II] 
family of viruses, however, remains to be determined, and is 
probably necessary in estimating possible differences in antigen- 
icity of viral proteins. These differences could be important 
factors in the design of agents useful for viral detection or for 
therapeutic agents. 


Discussion 


HTLV-II demonstrates structural and functional similarities to 
other members of the HTLV-BLV family of retroviruses. Like 
HTLV-F? and BLV”, the gag precursor of HTLV-IH lacks a 
small phosphoprotein situated between the amino-terminal gag 
protein and the major capsid protein. Significant amino acid 
homologies exist between the major capsid and the basic gag 
proteins of HTLV-II and the corresponding proteins of HTLV-I 
and BLV. These homologies could account for the immunologi- 
< cal cross-reactivity among these proteins'*'*. Similarities of 
--mucleic acid sequence in several areas of the genome are con- 
sistent also with previous hybridization data***’. The presence 
“of conserved amino acid sequences in the transmembrane region 
of the major envelope glycoprotein also might account for the 
cross-reactivity in the envelope gene products of HTLV-II and 
HTLV-I, -II and BLV'™!™8788. The possibility that the 3’ end 
of the fourth open reading frame may encode a protein similar 
to the lor product of HTLV-I, -II and BLV°*35°7-8183.84 might 
explain the trans-acting transcriptional activation common to 
these viruses**°?*°, Alteration of the cellular transcriptional 
apparatus by an HTLV-II lor product may be responsible, at 
least in part, for the specific cytotoxic effect of HTLV-III on 
OKT4* cells. 

Previous. studies also have highlighted differences between 

HTLV-II and other retroviruses. Although detectable, nucleic 

acid homology between the genomes of HTLV-III and other 

“members of the HTLV-BLV family of viruses is low, reflected 
in differences in primary nucleotide sequence. The structure of 
the envelope glycoprotein of HTLV-III is different also from 
that of HTLV-I, -IHI and BLV, consistent with recent reports of 
differences in the size of the major envelope glycoproteins” as 
well as the differences in the type of cell receptors recognized 
by these viruses (refs 89, 90 and our unpublished observations 
with M. Popovic). Another unusual feature of the HTLV-II 
genome is the presence of a short open reading frame, sor, 
between the pol and env genes. The location of the sor region 
suggests that it may be evolutionarily related to the env gene. 
Although the function of this region is unknown, it too may 
account for some of the unusual cytotoxic and immunological 
properties of the HTLV-II virus. 
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~The engrailed locus of Drosophila melanogaster has the characteristics of both a homoeotic gene and a segmentation 
gene; like a homoeotic gene, it specifies the development of specific compartments of the Drosophila embryo (the posterior 
compartments of each segment), and, like mutations of segmentation genes, lethal alleles of engrailed affect also the 
pattern of segmentation of the embryo. Here we report that like many of the homoeotic genes of the bithorax and 
Antennapedia complexes, engrailed has a ‘homoeo box’ sequence; also, like the segmentation gene fushi tarazu, the 
engrailed gene displays a periodic pattern of expression in Drosophila embryos. 


































THE molecular events responsible for the generation of a com- 
plex organized pattern of differentiated tissues during embry- 
ogenesis are poorly understood. Genetic studies of pattern for- 
“mation in Drosophila have, however, led to the discovery of 
many genes which seem to be involved in the regulation of these 
processes. The recent cloning of some of these developmental 
‘regulatory genes means that their molecular activities can now 
‘be investigated. 
A common strategy in the embryogenesis of insects is the 
subdivision of cell groups into segmental units which develop 
according to different programmes’. In Drosophila, the initial 
determination of the segmentation pattern occurs during the 
cellularization of the syncytial blastoderm’. The proper sub- 
division of the embryo into segments requires the correct 
expression of at least 15 genetic loci thought to be differentially 
activated in response to a maternally-established morphogen 
gradient’. Mutations in these genes cause severe defects in the 
: $égmentation pattern and are therefore embryonically lethal. 
‘Further regional specification imposed on the segmentation 
“pattern is necessary to ensure the correct assembly of the various 
“structures into a fully-functional fly. This process is thought to 
< involve a series of successive subdivisions of the developing 
organism into compartments (units of cell lineage) which are 
differentially determined’. The first evidence for these develop- 
mental compartments was obtained from clonal analysis on 
imaginal disks’, the compartments representing the domains of 
‘activation for the homoeotic genes*’ 8, Bithorax complex (BX- 
C)’ and engrailed genes*'° provide much experimental evidence 
o support this hypothesis. The engrailed locus is required for 
“maintenance of the border. subdividing the wing blade into 
anterior and posterior compartments". Clones of cells homozy- 
gous for the engrailed' (en') allele generated in the wing disk 
of en'/+ larvae by mitotic crossing-over induced by X rays, 
developed anterior-like characteristics and did not respect the 
antero-posterior demarcation line. Therefore, engrailed (en) 
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may be considered a homoeotic gene involved in the specifica- 
tion of the posterior compartments. 

Normal expression of this gene is involved also in subdividing 
the embryonic segments into anterior and posterior compart- 
ments'®; it has the phenotype of a segmentation genc“. Various 
segmental fusion patterns have been discovered în the cuticular 
phenotypes of embryos of different lethal alleles of the engrailed 
locus'®, possibly because the engrailed gene encodes several 
separate functional units taking part in the different steps of the 
segmentation process'®. Finally, as this gene seems to exhibit 
both homoeotic and segmentation properties, it may contain 
genetic components characteristic of both homoeotic and seg- 
mentation genes. 

Several homeeotic genes in the Antennapedia complex and 
the bithorax complex have a common element, the homoeo 
box''. This conserved sequence appears in multiple copies in 
many metazoan genomes’? and the corresponding genes have 
been isolated using homoeo box-containing DNA fragments as 
probes in genomic library screening'''*"'°. 

We describe there the isolation of a gene from the engrailed 
region using the homoeo box homology. On the basis of the. 
temporal and spatial distribution of the transcripts from this - 
homoeotic homologous sequence, we conclude that it is the 
engrailed gene. 


Isolation of clones 


Homoeotic genes of Drosophila. have been isolated using short 
DNA fragments containing Antennapedia (Antp) and fushi 
tarazu (fitz) homoeo box sequences as probes for screening 
genomic libraries under conditions of reduced hybridization 
stringency''. When Drosophila genomic Southern blots are 
hybridized under the same reduced stringency conditions with 
a probe containing the Ultrabithorax (Ubx) homoeo box, 
however, some bands of hybridization appear which cannot be 
detected in corresponding experiments with Antp and fiz 
homoeo box sequences (W.J.McG., unpublished. results). To. 
isolate the clones corresponding to these sequences, a genomic 

library was screened with a small, 450-base pair (bp) U/bx gene 



































ow ig. 1 In situ hybridization of biotinylated AF116 DNA to 

salivary gland chromosomes. The hybridized probe was detected 

by. an immunoperoxidase method”? and the chromosomes stained 

with Giesma and photographed. The section divisions of chromo- 

some 2 in the region of interest are indicated and the site of 
hybridization marked by an arrow. 


probe carrying the homoeo box. Approximately 30,000 plaques 

(three genome equivalents) from the Charon-4 Drosophila 

$ library of Maniatis ert al.” were screened, and clones which map 

. to:six different cytological positions on polytene chromosomes 

> obtained. Three overlapping phage inserts from A F21, AF70 and 

_ AFI16 were mapped cytologically to position 48A on the right 

“arm of chromosome 2 by in situ hybridization (Fig. 1); as this 

corresponds to the cytogenetic location of the homoeotic gene 
engrailed'°, these clones were chosen for further studies. 

The location of homoeo box homology in the clones was 
determined by hybridizing Southern blots of restricted DNA 
with a Ubx homoeo box probe under conditions of reduced 
stringency. With all three clones, the probe hybridized to a 
0.92-kilobase (kb) EcoRI fragment (see Fig. 2) corresponding 
to the indicated region in the restriction endonuclease map of 

<. AF21 in Fig. 3. A subclone, pF7036, constructed in the vector 
= pAT153, was used to further define the site of cross-homology 
“by Southern blot analysis. A 613-bp EcoRI/Sall fragment in 
the left part of pF7036 contains sequences cross-hybridizing 
“with the Ubx homoeo box. 

_ The 48A homoeo box homology was characterized further by 
probing whole genome Southern blots in conditions of reduced 
hybridization stringency. The number of bands detected with 
the 48A probe (Fig. 2, lane 3) is much lower than in the 
corresponding experiment with a Ubx homoeo box-containing 
probe (lane 4). Although the 48A homoeo box is detected with 
Ubx probe, no positive signal is observed for the Ubx homoeo 
box when the whole genome Southern blot is probed with the 
48A probe. This is probably because of less efficient transfer of 
the 7,5-kb Ubx homoeo box-containing fragment. 

Additional evidence that the three A clones from the 48A 

«x region correspond to parts of the engrailed locus was obtained 

— by hybridizing pF7036 to a dot blot of A clones (provided by 

`> Dr T. Kornberg) from a chromosomal walk in which a series 

= of engrailed mutations have been mapped’®. After hybridization 
at high stringency, positive signals were seen for three overlap- 
ping clones from the chromosomal walk (data not shown). No 
other positive signals were detected when the same blot was 
probed with Antp and Ubx homoeo box DNA in conditions of 
reduced hybridization stringency. Therefore, the chromosomal 
walk which was tested does not appear to contain other regions 
having homoeo box homology. 

The 48A homoeo box was used also as a probe to isolate 
cDNA clones from a cDNA pool prepared from early embryos 
(1.5-5h) by Michel Goldschmidt-Clermont. Several identical 
cDNA clones of 0.5 kb were isolated (see Fig. 3) from the screen, 
indicating that the 48A homoeo box is transcribed at this early 
stage of development. 








= DNA sequences 


> The fine structure of the 48A region containing Ubx homoeo 
< box homology was analysed further by DNA sequencing of 
“homologous fragments from genomic and cDNA clones. A 








- also the sequence criteria for splice junctions’. 





Fig.2 Homoeo box homologies analysed by Southe 
experiments. Cloned and genomic total DNAs were digest 
EcoRI and the resulting Southern blots probed with hom 
containing DNA fragments in conditions of normal and reduced 
hybridization stringency. Lane 1, à F70 probed with Ubx at reduced 
stringency; lanes 2 and 3, Drosophila melangoaster genomic DNA 
probed with the 613-bp EcoRI/Sall fragment from pF7036 in 
conditions of normal and reduced hybridization stringency, respec: 
tively; lane 4, D. melanogaster genomic DNA probed with Ubx at 
reduced stringency. The migration distances of 10-, 3- and. 1-kb. 
size standards are indicated, together with the locations of homoeo. 
box-containing fragments from Anip, fiz and Ubx. 
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Fig. 3 Restriction maps of clones originating from 48A. Black- 
boxes identify the regions containing homoeo box homology. 
Restriction enzymes: A, Aval; B, BamHI; Bg, BglIl; R, EcoRI; 
S, Sall; X, Xhol. Arrows below the map represent sequence 

determination by the primer extension method™’. 


genomic segment of 921 bp and a cDNA region of 210 bp were 
sequenced (Fig. 3) and we found that the organization in a 
600-bp genomic region containing the homoeo box (see Fig. 4 
displays several unexpected features. First, the homoeo box 
split into two parts by an intron of 280 bp. Comparison of the 
cDNA with the genomic DNA sequence indicates that they 
non-contiguous between positions 84 and 365, sites which fulfill. 
Similarly, an 
intron occurs in the 3’ region of the yeast al mating-type gen 
which shares homology with the homoeo box”. We cannot. 
exclude the possibility, however, that transcripts containing - 



















Fig. 4 Organization of DNA sequences with 
homoeo box homology. Genomic DNA 
sequence (5' to 3) of a 600-bp region including 
‘the two exons (boxed) of the 48A homoeo box. 
The sequence on the other strand also contain- 
ing. relatively strong homoeo box homology, 
the 48A anti-box, is underlined. Sequences 
upstream of the 48A anti-box are shown from 
the point where there is a theoretical start of a 
` *homoeo box’ on this strand. The known splice 
sites are indicated by arrowheads. 





: “300° 
CGCCECARACAGCCAAAGGACAAGACCAACGACEAGARGCGT EC ACGCACCOCET ICT CCACCGAGCAGTTGGUCEGLET TARGGTGAGATICAGTICTT 
10) 200 


TITICCATATATGGT TATATGGT TATACCAATATCCATCLATATCCATATCCAAT TGCCCTACGCT TGT TGIGTCATATT TGCACCAAAATAT TGACACE 


203 300 
GCCCGCTGCTAATGCATCCTGGCAATGTGGIGTCCOGTCCGTAL TTAACCAAT TAGCCACGE TCGGCCGAAACCGCAAATAATTGATITTCCCTACCTGA 


01 400 
2 N 5 CA adden Ech R Sn coo REE 
3+ TAAGGTAAAGAAGGTGAATGTCGCCCTCAAGTTGCTCTTAGCTATAGAC TEGGTCGCC 

401 500 
TCTGCGGTCCTCGACTCGTCGCTCAACCCGGACTTGCTCCECGTCTAGTICTAGACCAAGGTCTTGITCGCCCGGTTCTAGTICTTCAGCTGCCCGAGGT 


$01 600 


AAAATCCTTGGCACTGCAGC TGATGGCCCAGGGAT TG TACAACCACACCACCGTGCCGC TGACCAAGGAGGAGGAGGAGC TCGAGATGCGCAT TGAACGG 


TTTTAGGARACCGTGACGTEGAC 


st 


48a TEA AAG GAC AAG ACC AAC GAC 
48A anti 6T st CAA tge CiG gee g 
Ubx TCT ACA GGT ACA AAT GGT CIG 
Yeast at CAC CAC ATT AAR RAA GAG AAG 
$0 
GAG AAG CGT CCA CGC ACC GCG ITC TEC Age GAG CAG TIG GCC coc git YG GAG TIC , 
GAG CIG CAG TOC CAA GGA TTT DTG GAG GEE GTC GAC TIC mG ame Tiga gce coc Tig iS Fig.5 DNA sequence of the 48A ‘boxes’. 
CGA AGA CGC GGC CGA CAG ACA TAC ACC CGC TAC CAG ACG CTC GAG CIG GAG AAG GAG TI DNA sequences (5’-3’) from pF7036 are alig- 
AGC CCR ARG GGA AAA TCA TCA ATA TCA CCC CAA GCA CGG GCA TIT TTA GAA CAG GIT mto ned with the homologous region from Ubx and 
the yeast al mating-type gene. The sequence is 
20 shown from ~21 (21 bp upstream of the 
ARC GAG AAT CGA TAL ICG ace GAG CGS AGA CGC CAG GAG CIG AGC AGE GAG TIG GOC Ci homology) to +201 (21 bp downstream of the 
TGG AAC CAG ATC JTG AIC TGC ace TCG TTC age cce AAC TCG cg CIC AGC ICC ggs gt homology). Codons of the common open read- 
CAC ACG AAT CAT TAT CTG ACC CGC AGA CGG AGA ATC GAG ATG CGG CAC GCG CTA Tec Ce ing frame are aligned (frame | begins with 
AGA AGA AAG CAA AGC CTT AAT TCC AAG GAA AAA GAA GAA GTT GCA AAG AAA IGT GGC ATT nucleotide 1). Black bars underline the nucleo- 
tide homology between Ubx and the 48A 
16 180 “boxes”. The position of the intron is indicated 
Qo GAG GCE CAG AIC AAG ATC TGS TIC CAG MAC ANG CG GCC AAD ATC AAG MAG TCG ACG by a triangle. 
CTE COC TOG GTC AGA TAT CGA ITC TCG TIG IARC TCC CGC TGT ARG TOG AAG AAA TGG AAT 
ACG GAG CGG CAG ATC AAG ATC TGG TTC CAG AAC CGA CGA ATG AAG CTG AAG AAG GAG ATC 
ACT CCA CTY CAA GTA AGA GIT TGG TTC ATA AAT AAA CGT ATG AGA ICT AAR TAA ATT (OT 
18) 201 
GGC TCC AAA AAT CCT TGG CAC 
s = n 0 
GCT GGA TGA GIT TCG GAT GGC 
* Ld Ld 
CAG GCG ATC AAG GAG CIG AAC 
TI} CAA TGA TTA AAA TAG CAT 

























other versions of the 48A homoeo box may exist as results of 
inefficient splicing or initiation of transcription at an alternative 
site. Itis of interest to note the existence of some-cross-homology 
8%) between the 5’ region of the Ubx homoeo box and the 
kA intron sequence just upstream of the acceptor splice site 
position 365-314). 

The 48A homoeo box is more diverged relative to Antp, fiz 
Ubx than any other homoeo box characterized so far. At 
: nucleotide level (Fig. 5), the cross-homology with Ubx and 
ip is only 58 and 53% respectively, considerably lower than 
the 75-79% found for other Drosophila homoeo boxes'*. Only 
in the case of an interspecies comparison between mouse and 
Ubx homoeo boxes. have cross-homologies of <70% been 
served'*. The level. of cross-homology between the 48A 
homoeo box and other Drosophila homoeo boxes, however, is 
not distributed uniformly throughout the 180-bp sequence. Thus, 
n the 3’ region there is a stretch of 60 bp 72% homologous to 
‘the corresponding part of Ubx, in strong contrast to the 52% 
omology found in the other 120 bp of the 48A homoeo box. 
Such a localized distribution of the cross-homology may be 
crucial for detection of cross-hybridization to the Ubx homoeo 
under the conditions of reduced hybridization stringency 





used normally'’. When the same 60-bp 3’ region of 48A is 
compared with Anzip, the degree of cross-homology is less strik- 
ing (65% ). Within this region there is also a higher ratio of GC 
homology with respect to Ubx (35%) than Antp (29%). These 
differences are probably responsible for the inability to use the 
Antp homoeo box as a probe for detection of the 48A hamoeo 
box on whole genome Southern blots under our reduced 
hybridization stringency conditions. Therefore, if other highly 
diverged homoeo boxes exist in the Drosophila genome which 
do not contain subregions of ‘high’ cross-homology with respect 
to any of the different homoeo boxes used as probes, they have 
probably escaped detection. 

Another provocative feature of the 48A homoeo box region 
is the 30-bp sequence on the opposite strand (underlined in 
Fig. 4) which is 53% homologous with the 3’ end of the Ubx 
homoeo box (Fig. 5); seven of 10 residues are conserved relative 
to the Antp homoeo domain (Fig. 6). Furthermore, this 30-bp 
region, the 48A anti-box, is part of an open reading frame which 
overlaps. most-of the 48A homoeo box (see Figs 4, 5); the 
conceptual translation of this region yields an amino acid 


sequence that shares some properties with the Ubx homoge 
domain (Fig. 6). 
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Fig.6 Conceptual translations of the 48A mace 
‘boxes’. A conceptual translation of the regions yy, Arg 
in Fig. 5 is shown from —7 (7 amino acids pan a Sar 
upstream of the homoeo domain) to 67 (7 amino 
acids downstream). The 48A sequences are 2 
compared with both the Antp and Ubx homoeo — ssa iiss 
domains and the corresponding part of the af sea ants Trp 
mating-type protein. A black bar underlines the ant, His 
amino acid residues homologous to both Antp 4, His 
and Ubx. A broken black bar underlines yeast a) Arg 
residues homologous to one of the two (Antp 
or Ubx). s 
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Amino acid sequence 


In contrast to the homoeo domains characterized previously'*"'°, 
the 48A homoeo boxes are more homologous to those of the 
Antp and Ubx genes at the DNA sequence than the protein 
sequence level (Fig, 6). Thus, the amino acid sequence homology 
is <50%, significantly lower than the 70-87% homologies 
a observed. between individual members of the Antp/ftx/ Ubx 
he group” 3. This is due mostly to the very low homology of the 
amino acid sequence encoded by the first exon of the 48A 
homoeo box, only 4-5 out of 17 residues matching with the 
known homoeo box sequences in spite of the 43% homology 
at the DNA sequence level. Thus, there has been no accumula- 
tion of silent nucleotide changes in this region of the 48A 
homoeo box. As a consequence there seems to be no distinct 
demarcation of the start of the 48A homoeo domain. Although 
many of the amino acid changes in the first exon are relatively 
conservative, our data suggests that the homoeo domain has at 
least two functional parts, of which only one is well conserved 
in the 48A version. In contrast to the 17 amino acids from the 
= S" region, the last 20 residues are about as highly conserved as 
the DNA sequence (70%). Partly included in this conserved 
region is a stretch of 15 amino acid residues (position 34-47) 
thought to be involved in the sequence-specific binding to 
DNA”, In contrast to nine other homoeo domains from flies, 

frogs, mice and man, where amino acids 42-49 are invariant, 
the engrailed homoeo domain has the arginine at position 43 
substituted by an alanine residue. 

The 48A homoeo domain has remained very basic despite 
extensive amino acid changes; 30% of it consists of the basic 
residues arginine, lysine or histidine, very similar to Antp (33% ) 
and Ubx (30%). 

Figure 6 shows also the conceptual translation of the 48A 
anti-box and its upstream sequences. Although only four of the 
amino acid residues in the upstream domain coincide with the 
amino acid sequences of Antp and Ubx, these amino acids 
correspond largely to residues present also in the yeast al 
mating-type protein (positions 16, 20 and 31). Interestingly, the 
pattern of homology in the last 10 amino acid residues of the 





48A homoeo box with respect to Antp and Ubx is almost - 


<- identical to that of the 48A anti-box. 
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Fig. 7 Transcription from pF7036 during Drosophila embry- : 
ogenesis. Poly(A)* RNA isolated from the indicated stages was 
subjected to Northern blot analysis. Lanes 1-3, RNA isolated from 
embryos of stages 0-6, 6-12 and 12-24 h, respectively. The numbers 
alongside the panel indicate the approximate size (kb) of the 
hybridizing RNAs. Poly(A)* RNA (5 jig per slot) was run on 1.4% 
agarose-formaldehyde gels and blotted (W.J.McG; unpublished - 
results). The blots were hybridized with nick-translated pF7036 n 
DNA under stringent conditions''. After a stringent wash'', the 
blots were exposed to X-ray films. In addition to optical density A 
measurements, the amount of poly(A)* RNA loaded in each Jane 
was quantified also by rehybridizing the filters with the cytoplasmic. 
5C actin gene”! as a control probe. The sizes of the different RNA 
species were determined by comparing them with single-stranded: 
DNA standards (A cut with Hindi!) and RNA standards (I): 
melanogaster ribosomal and SC actin RNAs). 


Upstream of the 48A homoeo and anti-boxes there areno 
translational initiation codons, whereas several stop codons 
occur relatively close to the 5’ ends. Thus, these sequences can 
be translated only on the condition that splicing occurs in these. 
regions. Similarly, spicing just upstream of other homoeo. boxes” 
has been observed’ 


Transcription during embryogenesis 


The accumulation during embryogenesis of transcripts contain- 
ing sequences which in part originate from the 921-bp homoeo 





box-containing genomic fragment of the subclone pF7036 was 
analysed by Northern blotting. Two low-abundance poly(A)*- 
containing RNA species were detected in the three embryonic 
stages investigated (Fig. 7). A major transcript estimated to be 
2.6 kb long (by comparison with single-stranded DNA and RNA 
standards) seems to be present throughout embryogenesis. 
However, the weaker signal intensity in the lane representing 
0-6-h embryos suggests that only the older embryos of this group 
transcribe this RNA at a significant level. These embryos (after 
4h of development) are undergoing germ-band extension and 
visible segmentation. 

After this initiation of transcript accumulation, a peak con- 
centration is observed during the 6-12-h stage which is then 
succeeded (12-24 h) by a strong reduction in the relative abund- 
= ance of the 2.6-kb transcript. 

A 1.3-kb 48A homoeo box-containing transcript is present 
also during embryogenesis, but seems to be significantly less 
abundant. Using a single-stranded probe, we have not been able 
to detect any RNA transcribed from the 48A anti-box-containing 
strand. Therefore, both of the transcripts detected with the 
double-stranded probes probably contain 48A homoeo box 
sequences. 


Localization of transcripts 


A direct approach to solving the problem of gene identification 
is to investigate how the transcripts are distributed spatially 
during development. Recently, several homoeotic genes have 
been analysed successfully by in situ hybridization to tissue 


Fig. 8 Localization of 
transcripts homologous to 
pF7036 in embryonic tissue 
sections. Embryonic tissue 
sections were prepared and 
hybridized to *H-labelled 
probes as described by 
Hafen et al”. Both bright- 
field (a, ¢ and e) and dark- 
field (b, d and f) photo- 
micrographs of 3-week 
autoradiographic exposures 
are shown. a, Longitudinal 
section of an embryo 33-h 
old. b, The embryo photo- 
graphed with dark-field 
optics. c, Longitudinal sec- 
tion of an embryo at the 6-h 
stage. The position of the 
ventral invagination of the 
cephalic furrow is indicated 
by an arrow. d, The same 
6-h embryo shown wit 

dark-field illumination. An 
arrow indicates the position 
of the cephalic furrow. e, 
Tangential section of an 
embryo of about the same 
stage as c. f Photomicro- 
graph of the same tangential 
section with  dark-field 
optics. A, anterior; P, pos- 
terior; cf, cephalic furrow; 
pmg, posterior midgut 

invagination, 


sections™ 774, In these cases the transcripts were restricted 
spatially to regions where the functions of the respective genes 
are probably required for proper development. To test whether 
the 48A homoeo box is included in transcripts displaying tem- 
poral and spatial accumulation patterns expected from a gene 
with an engrailed-like function, pF7036 DNA was used as a 
hybridization probe on tissue sections. 

Successive developmental stages of wild-type embryos were 
investigated and a clear periodic pattern of hybridization is first 
seen in early gastrulating embryos (3-4 h). Figure 8 shows such 
an embryo in which the cephalic furrow has formed and the 
process of germ-band extension is being initiaited. Along the 
ventral side, a series of at least 1] narrow hybridization bands 
(each of only 1-2 cells in width) is visible (Fig. 8b). In addition, 
two groups of cells in the cephalic furrow are relatively strongly 
labelled. The hybridization signals, which also can be seen 
dorsally, seem to be spatially restricted to the region of the 
embryo posterior to the cephalic furrow. This posterior localiz- 
ation of silver grains can first be distinguished above the back- 
ground level when the furrow starts to invaginate (data not 
shown). Coincident with the extension of the germ band, the 
accumulation of transcripts is increased and can be seen most 
clearly at the time of termination. At this stage of embryogenesis 
(~6h after fertilization), the mesodermal and ectodermal cell 
layers lying along the ventral side of the embryo have extended 
posteriorly, causing the invaginated posterior midgut to move 
anteriorly along the dorsal surface**"*. Evenly spaced bands of 
cells labelled with silver grains, separated by wider sections of 
unlabelled cells, appear along the ventral and dorsal side of the 
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embryo (Fig. 8d). Two clusters of hybridization signals are seen 
anterior to the ventral invagination of the cephalic furrow (Fig. 
8c, d) and posteriorly 14 bands of hybridization are repeated 
along the extended germ band. The domain of hybridizing cells 
just posterior to the cephalic furrow seems to correspond to the 


position of the mandibular segment”’. Accordingly, the 14 
hybridization bands represent labelled parts of the mandibular, 
‘maxillary and labial segments of the head, three thoracic and 


` eight abdominal segments. The two clusters of hybridization 


-< signals anterior to the ventral invagination may represent the 
- anterior-most head segments (clypeolabrum and hypopharynx). 
Furthermore, the clusters of silver grains are, on average, only 
50% of the width of the unlabelled regions. The anterior region 
of the posterior midgut invagination also shows hybridization 
signals slightly above background. 

A tangential section of an embryo at the same stage (Fig. 
8e, f) shows the parallel arrangement of hybridization bands on 
the surface of the embryo. Regions of unlabelled cells were 
clearly wider than the stripes of silver grains and discrete bands 
of hybridization signals were detected also in embryos of older 
stages. 


Conclusions 


“We describe here the isolation and characterization of a homoeo 
~box-containing gene which maps outside the previously iden- 
tified clusters of homoeo box sequences in the Antennapedia 
and BX-C complexes (ref. 11; W.J.McG., unpublished data). 
Sequence analysis of the 48A homoeo box homologous sequen- 
ces of genomic and cDNA clones reveals additional features 
distinguishing this gene from other previously characterized 
homoeotic loci. The 48A homoeo box seems to be split into two 
parts by a short intron; the degree of homology with other 
homoeo boxes is relatively low both at the DNA and protein 
level, amounting to less than 60%. 
Using the 48A homoeo box as a probe in whole genome 
Southern blotting experiments in conditions of reduced strin- 
© gency, only one or two additional DNA fragments can be 
_. detected, indicating that the 48A box belongs to a rather small 
subgroup of homoeo box-containing genes. Other potentially 
spliced versions of the 48A homoeo box in which the more 
strongly diverged 5’ end is substituted by another weakly 
homologous homoeo box sequence, may exist at some stage of 
the Drosophila life cycle. Another intriguing possibility arises 
from the conceptual translation of an open reading frame on 
the opposite strand to the 48A homoeo box region. A short 
sequence of 10 amino acid residues in this open reading frame 
has a similar pattern of homology with respect to the rightmost 
part of the Ubx homoeo domain as observed for the 48A homoeo 
domain. We have no evidence at present for transcription of 
these sequences. The fact that the more highly diverged 5’ 
Sequence of the 48A homoeo domain is encoded in a different 
-< exon may indicate the existence of a separate domain. Accord- 
ingly, the homeo domain may be a composite of two subdomains 
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with independent functions. It is also interesting that two: differ- 
ent transcripts of 2.6 and 1.3 kb contain sequences which origi 
nate in part from this region; this could result from an alternative 
use of promoter and/or splicing signals. The occurrence of 
premature termination or a specific degradation intermediate, 
however, cannot be excluded. 

The temporal and spatial distribution of transcripts from.the 
homeotic homologous sequences of the 48A genomic clone 
pF7036 is largely consistent with previous genetic informatio 
on the engrailed gene. 

Based on data from Northern and in situ hybridization anal 
ses, the 2.6-kb transcript containing the 48A homoeo box first 
starts to accumulate at the time when gastrulation is initiate 
(3.5 h after fertilization), coinciding with the stage at which the 
subdivision into posterior and anterior compartments may 
occur'''*. Furthermore, the increase in transcript accumulatio 
seems to parallel the formation of visible segments in the las 
phase of germ-band extension, reflecting the importance of en 
expression for the proper formation of segments. The ftz gene 
is expressed in domains of the wild-type blastoderm which seem 
to coincide with the parts deleted in homozygous ftz embryos? 
and correspond in their width to segments as determined by. 
laser ablation experiments. In en the pattern of hybridization 
does not correspond precisely to the segmental deletions and 
fusions observed in the homozygous embryos of several lethal 
en alleles, as these mutants show a much more variable pattern 
of defects’, However, the observed spatial distribution of 
48A homoeo box-containing transcripts displays a featu 
expected from a gene expressed in the posterior compait- 
ments: only about one-third of the cells seem to be loca 
ized in the labelled region and this correlates well with the 
sizes estimated for posterior compartments at early develo; 
mental stages”'®. Thus, the hybridization pattern coul 
reflect a segmental arrangement of labelled posterior compart 
ments separated by unlabelled cells of the anterior compa 
ments. ; 

A limitation in our ability to interpret the observed distributio 
pattern, however, is imposed by the fact that two different 
transcripts are detected by the probe. As a consequence; 
differential spatial distribution for the two transcripts would not 
be detected. Further in situ hybridization analyses to obtain a 
more complete understanding of the functional complexity of 
the engrailed gene are in progress. 

We thank Thomas Kornberg for the engrailed blot and sharing 
DNA sequence data and Michel Goldschmidt-Clermont for 
cDNA library aliquots. We also thank Paul Baumgartner and 
Urs Kloter for assistance in DNA sequencing and chromosome 
in situ hybridization; Dan Hultmark, Iain Mattaj and John 
Shepherd for comments and Erika Wenger-Marquardt for typin: 
the manuscript. A.F. was supported by a fellowship from th 
Norwegian Research Council NAVF and W.McG. by a Jan 
Coffin Childs fellowship. The work was made possible by @ a 
grant from the Swiss NSF and Kanton Basel-Stadt. 


17. Maniatis, T. et al. Cell 15, 687-701 (1978). 

i8. Poole, S. J., Kanvar, L. M., Drees, B. & Kornberg, T. Cell (in the press). 

19. Breathnach, R. & Chambon, P. A. Rev. Biochem. 50, 349-383 (1981). ‘ 

20. Shepherd, J. C. W., McGinnis, W., Carrasco, A. E., De Robertis, E. M. & Gehring, Wid. 
Nature 310, 70-71 (1984). 

21. Laughon, A. & Scott, M. P, Nature 310, 25-31 (1984). 

22. Hafen, E., Levine, M., Garber, R. L. & Gehring, W. J. EMBO J. 2, 617-623 (4983). 

23. Levine, M., Hafen, E., Garber, R. L. & Gehring, W. J. EMBO J. 2, 2037-2046 (1983). 

24. Akam, M. E. EMBO J. 2, 2075-2084 (1983). 

25. Sonnenblick, B. P. in Biology of Drosophila (ed. Demerec, M.) 62-167 (Wiley, New York, 
1950). 

26. Fullilove, S. L. & Jacobson, A. G. C. in The Genetics and Biology of Drosophila Vol. 3e 
{eds Ashburner, M. & Wright, T. R. F.) 106-277 (Academic, New York, 1978}, : 

27. Underwood, E. M., Turner, F. R. & Mahowald, A. P. Devl Biol, 74, 286-301 (1980). = 

28. Nüsslein-Volhard, C., Wieschaus, E. & Jürgens, G. Verh. dt. zoal, Ges. 91~104 (1982): 

29. Langer-Safer, P. R., Levine, M. & Ward, D. C. Proc. natn. Acad. Sci. U.S.A. 79, 4381-4385" 
(1982). 

30. Sanger, F., Nickelen, S. & Coulson, A. R. Proc. natn. Acad. Sci. U.S.A. 74, 3463-5467 (1977), 

31. Fyrberg, E. A., Mahaffrey, J. W., Bond, B. J. & Davidson, N, Cell 33, 115-123 (1983) 












An X-ray corona in SS Cygni? 


_A.R. King*, M. G. Watsont & J. Heiset 


“© Department of Astronomy, University of Leicester, 
Leicester LEI 7RH, UK 
+ X-Ray Astronomy Group, Physics Department, 
University of Leicester, Leicester LE] 7RH, UK 
#Space Research Utrecht, 3527 HS Utrecht, The Netherlands 





A recent model! for the X-ray emission of non-magnetic cataclys- 
< mic variables suggests that most of the observed hard X-ray flux 
originates in a radiatively-cooling quasi-hydrostatic corona sur- 
rounding the white dwarf as it accretes from its companion. We 
present here some results from a ~7.5-h EXOSAT observation of 
the dwarf nova SS Cygni in its quiescent state, which confirm many 
of the predictions of this model. In particular, they show that the 
X-ray luminosity, Ly, and bremsstrahlung temperature, T, obey 
the predicted relationship Ly << T?” +% , The results further S 
-that the emitting region covers an appreciable fraction f~ 0.1-1 
-Sof the white dwarf’s surface, and also that transport processes into 
the white dwarf cause most of the luminosity to emerge at soft 
X-ray/extreme ultraviolet wavelengths. 

“<The EXOSAT? observations of SS Cygni were made on 1984 
December 4. SS Cygni was detected in both the medium energy 
(ME) experiment? (~2-20 keV; ‘hard’ X rays) and the Channel 
> Multiplier Array (CMA)* (~0.04-2 keV; ‘soft’ X rays) at flux 
- levels similar to those measured previously in quiescence (ref. 
-§, and refs cited therein). Figure 1 shows part of the ME and 
CMA X-ray light curves. Flaring, on time scales from tens to 
“hundreds of seconds, dominates the behaviour seen in both 
-“hard' and ‘soft’ X-ray bands, with overall variability being 
factors of ~5 and ~10, respectively. From ref. 1, the predicted 
| (bremsstrahlung) time scale is 


taa 30p-ioT #7 S (1) 
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where p-o is the coronal density in units of 107'° g cm™° and 
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Fig. 1 Hard (~2-l0 keV) and soft (~0.04-2 keV) X-ray light 
curves of SS Cygni obtained with the EXOSAT ME and CMA 
(+ thin Lexan filter) detectors. The time resolution for the ME light 
curve is 10s and for the CMA light curve, 50s. Only part of the 
observation is shown here. Time zero on this plot is 1983 December 
4, 04:03 UT, 



































T is the temperature in units of 10° K. For consistency with | 
the model, we require pjo ~ Ta~ 1 (see Fig. 2 of ref. 1), which 
is in good agreement with the observed flaring time scales. The 
coronal gas is hydrostatic, and cools by bremsstrahlung, so the 
instantaneous X-ray luminosity is Ly AfH,p?T'/*, where A is 
the area of the white dwarf; f, the fraction covered by coronal 
gas and H,~ 10°T,M,'R2cm, the radial scale height of the 
corona, with M, and R, being the mass and radius of the white 
dwarf in units of Mo and 10° cm, respectively. Because p will 
decrease slowly as the gas cools, we expect Lyo T°/?*?* with 
e small and positive. The derivation of this result given in ref. 
1 neglected velocity gradients in the quasi-hydrostatic gas; which 
is not in general justified. However, a full hydrodynamical 
calculation (M. D. Smith and A.R.K., in preparation) confirms 
the result. 

To check this prediction, we have examined the way in which 
a temperature-sensitive ‘hardness ratio’ of the observed ME 
counts varies with the total count rate. The observed variation 
for SS Cygni is shown in Fig. 2, where we plot the mean ‘hardness 
ratio’ for the data divided into 15 count-rate bins of equal width. 
It is clear from Fig. 2 that the mean ‘hardness ratio’ (that is, 
spectral temperature) increases systematically with count rate 
(that is, incident flux). This agrees well with data from Ariel 6 
(A. Bennetts and M. J. Ricketts, unpublished data), The actual 
form of this correlation is as expected, as can be seen from the 
comparison between the data and the curves of the form Ly T” 
folded through the ME detector response, which are also shown 
in Fig. 2. A good match to the observed data is achieved for 
n= 2, although the range 1.5 <n <2.2 is acceptable. We stress 
that we have not carried out extensive tests on more complex 
functional fits, and that this parameterization should not be 
regarded as a true fit to the data. Adopting the n = 2 curve, the 
required normalization implies 


Ly =2 x 10°? T2 Do ergs” (2) 


where Do is the distance to SS Cygni in units of 100 pc. This 
leads to 


f*28 M, Rip oTi Dio (3) 


for the surface fraction covered by coronal gas. Given the 
uncertainties in the parameters in equation (3), this suggests an 
appropriate range of f~0.1-1. 

A further prediction of the coronal model is a strong correla- 
tion between soft and hard X-ray emission. First, when a hard 
X-ray flare begins, the soft X rays should also peak because 
conduction into the white dwarf is followed by rapid re-emission 
from its surface as soft X rays ( T ~ 10° K). Second, as the coronal 
gas itself cools, it will become opaque with respect to its own 
radiation (the equivalent hydrogen column density Ny is of the 
order 10° cm~’). This occurs when the metals can hold on to 
their K-shell electrons, at T ~ 10’ K (the ionization balance, as 
in the solar corona, is between collisional ionization and radia- 
tive recombination). Thus, after a few cooling times following 
the start of a hard X-ray flux, there should be a second peak in 
the soft X-ray emission. If individual flares are seen, a time 
delay of a few: cooling times may be expected between peak 
hard and soft X-ray emissions. If, on. the other hand, the flares 
overlap, a broad correlation, centred on zero lag, but of width 
of a few cooling times, will result. Figure 3 shows the cross- 
correlation between the hard (ME) and soft (CMA) X rays 
observed with EXOSAT. There is a good correlation (coefficient 
~0.25) at zero lag, with a half-width of ~100 s, which is in good 
agreement with what is expected for overlapping flares with the 
cooling time, taa, given by equation (1). (Note that an earlier 
version (preprint) of this paper claimed a soft X-ray lag of 
~60s, as would occur if individual flares were seen; this lag is 
spurious, however, arising from a computational error in a 
cross-correlation routine. Note also that because the energy ~ 
bands of the ME and CMA have very little overlap, these. 
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Fig. 2 Mean ‘hardness ratio’ =((3.3—6.4)-keV  flux/(1.8- 


3.3)-keV flux) for the ME observations of SS Cygni plotted as a 
function of ~1.8-6.4-keV count rate. The data are divided into 15 
count-rate bins of equal width. The equivalent bremsstrahlung 
temperatures are. shown on the right-hand axis. The dashed curves 
correspond. to relationships of the form Ly,« T” folded through 
the response of the ME detectors for n = 1.5, 1.75, 2.0. These curves 
are normalized to fit the data, using a least-squares technique. 
Error bars shown are +lo. 
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Fig. 3. 'Cross-correlation between the hard (ME) and soft (CMA) 

Hight curves-with a time resolution of 10s. Data from the entire 

EXOSAT observation have been used. Maximum correlation 

occurs for soft X rays with a lag of +60+15s. The error bars 
indicate the 95% confidence region. 


instruments are dominated by the hard (>2keV) and soft 
(«1 keV) X-ray components, respectively. The contribution of 
the hard (T;> 1) component to the CMA count rate is <30%.) 

The accretion luminosity Lac of SS Cygni in quiescence is 
uncertain, but is unlikely to be less than ~ 10° ergs™'. From 
equation. (2) we see that only a small fraction of Lace (< 10%) 
emerges as hard X rays, although half of La acg is potentially 
available from the (unstable) boundary-layer gas'. This supports 
the suggestion’ that most of the energy is removed from the 
corona by conduction into the white dwarf and is subsequently 
re-emitted as soft X rays. As even weak magnetic fields have a 
decisive effect in channelling transport processes, it is possible 
that transient surface magnetic fields generated by dynamo 
action in the white dwarf envelope may cause the quasi-coherent, 
soft X-ray pulsations seen in dwarf novae at outburst®’. This 
idea is developed in the accompanying paper" 

The present results give strong support to the coronal X-ray 
emission model developed in ref. 1: the temperatures, 
luminosities and inferred densities all appear to be in accordance 
with the expectations of this model, whereas the estimate given 
in equation (3) suggests that a large fraction of the white dwarf 
surface is involved. 

The correlation between hard and soft X rays and the L, « 
T??? behaviour is very striking; in particular, it is difficult to 
see how the latter can be produced other than in a corona. Our 
ability to examine the detailed behaviour of SS Cygni simul- 

taneously in the hard and soft X-ray bands demonstrates the 





value of the long, uninterrupted observations which are possibl 
with EXOSAT, and the advantages of the soft X-ray band-pas: 
of the CMA detectors in the study of the soft X-ray/extrem 
ultraviolet emission in cataclysmic variables. It will be importan 
to try to extend these results to other systems, although this wi 
not be easy as they are all considerably fainter than SS Cygn 
However, much can be done with SS Cygni itself: in particula 
it will be interesting to see whether long-term changes in. 
normalization of the Ly-T relationship occur. These woul 
indicate a change in the covering fraction, f. It will also 
important to try to correlate X-ray and optical variability an 
to attempt, using EXOSAT, to follow SS Cygni through ai 
outburst. Such a study is planned for the near future. 
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A recent study of X-ray emission from non-magnetic cataclysmic 
variables’ concludes that most of the hard (22 keV) flux is pro- 
duced in a corona formed by the accreting material around the 
white dwarf. EXOSAT observations of SS Cygni (see accompany. 
ing paper)’ strongly support this model, confirming several of its 
detailed predictions. The model suggests that soft (<2 keV) X-rai 
production is controlled largely by transport processes. into the 
white-dwarf body which remove most of the energy from th 
accreting matter. I point out here that, because even weak magne 
fields can exert a marked influence on transport processes, th 
is a natural explanation for the quasi-periodic oscillations si 
in soft X-ray observations of dwarf novae at outburst**. I suggest 
further that the puzzling behaviour of the ‘DQ Herculis’ syst 
(DQ Her, V533 Her and AE Aqr) may be explained in this ligh 
Dwarf-nova soft X-ray pulsations were first detected ‘by the 
HEAO-1 satellite during an outburst of SS Cygni’; subsequen 
they were detected again from SS Cygni and also from U Gem’. 
The character of these pulsations is complex, but can be 
described as that of an oscillator having an almost stable perio 
P, but suffering random changes in phase at irregular intervals. 
In the two observations of SS Cygni, the periods P were 8.8 
and ~lis, and in U Gem ~27s, and the coherence times 
(measured in cycles) were, respectively, 28, 2 and I (see ref. 4 
for a full discussion). Unlike optical pulsations from. dwatf 
novae, which come in many forms‘ but do not involve much of 
the total luminosity, the large amplitude (=15%) of the soft 
X-ray pulsations signifies that the accretion luminosity is modu- 
lated. This, and the fact that X rays are hard to produce elsi 
where, show that the site of the pulsation phenomenon must be 
deep in the gravitational potential well, that is, very close to the 
white-dwarf surface. The large luminosities involved create 
almost insuperable difficulties in trying to adapt models for 
optical pulsations involving non-radial oscillations of the white 
dwarf (see ref. 6 for a review). i 

















































Iternative class of model, in a which the whi 
ed to have a permanent magnetic field strong enough to 
hannel the accretion and thus cause modulation at the period 
of the white dwarf’s spin, Popin also suffers from serious defects. 
About 20 magnetic cataclysmic variables of this type (AM Her 
systems and intermediate polars) are known (none of them are 
- dwarf novae); they have several easily understood properties 
which contradict those observed in dwarf-nova pulsations. In 
particular, they all exhibit coherent pulsing at Popin, in both hard 
-and soft X-ray emissions, at all times. In dwarf novae, soft X-ray 
pulsations appear only at outburst, are only quasi-coherent, 
have variable periods and are never accompanied by hard X-ray 
ulsation’® 

In fact, it is the absence of an accompanying hard X-ray 
pulsation which offers a clear hint as to the possible origin of 
he dwarf-nova pulsations. The coronal model for X-ray produc- 
tion from non-magnetic cataclysmic variables’ emphasizes the 
-importance of transport processes, especially electron thermal 
conduction, in carrying energy into the white-dwarf body from 
which it is radiated as soft X rays. The absence of coherent 
pulsing in hard X rays rules out the presence of a strong, 
ermanent white-dwarf magnetic field of strength B with Pmag = 

: B?/8 greater than the gas pressure Poor in the corona. But even 
extremely weak magnetic fields can totally control the direction- 
ity of transport processes; we require only that the Larmor 
adius of the electron should be smaller than its mean free path. 
-If this weak magnetic field is ‘permanent’ (that is, anchored in 
the: degenerate core of the white dwarf) coherent pulsing at Popin 
will be seen in soft X rays but not in hard, as found in the recent 
bservation of VW Hyi during superoutburst?, and, as I shall 
uggest, may be occurring in the DQ Her systems. If, on the 
ther hand, the weak magnetic fields are ‘transient’ and gener- 
ited by dynamo action in the white dwarf envelope, quasi- 
tiodic quasi-coherent soft X-ray pulsations will naturally 
result, again without any accompanying hard X-ray pulsation. 
- Lexamine first the case of transient dynamo-generated fields 
hich should be produced most readily during outbursts of 
warf novae, when differential rotation in the white-dwarf 
nvelope is greater because of the greater accretion of high 
ingular-momentum material near its equator. Indeed, the 
hanges in period, in particular the tendency for P to shorten 
the luminosity rises, are easy to understand if P represents 
the rate of rotation of the outer envelope, and is determined by 
competition between accretion of angular momentum and other 
(for example, viscous) torques linking the envelope to the core®. 
nfortunately, dynamo theory cannot yet make firm quantitative 
redictions but some immediate consequences are useful. I 
follow here the simple discussion given by Meyer and Meyer- 
Hofmeister’ in the context of accretion disk theory. 

A small poloidal field By, is wound up by differential rotation 
to produce a toroidal field B, at a rate 


(1) 


re (7, $, z) are cylindrical coordinates and Q(z) is the angular 
elocity of the surface layers. This process operates over a time 
w» during which the flux tube expels gas from its interior, 
secomes buoyant and rises about the scale height H,. Ultimately, 
rbulent magnetic diffusion reconnects the field lines and re- 
reates a small poloidal component 


Be = yBy (2) 
‘here y (assumed to be « 1) is a parameter of the theory. From 
qQuations (1) and (2) we find 
1 P 
lw~ (3) 
27Q(yR/z) 42°(yR/z) 


where z=/|dQ/dz|, and I have set r~ R. As t, gives the 
lifetime of a magnetic loop, the quantity 
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“measures the coherence, in cycles P, of the loop structure and 


hence of any soft X-ray pulsation; the next loop will appear 
somewhere else on the white-dwarf surface. (I assume that new 
flux is generated, as in solar active regions, in restricted parts 
of the white-dwarf surface, giving only a few new ‘spots’ super- 
imposed on a general ‘filigree’ background—-compare maps of 
the solar surface fields in the Ca* chromospheric emission 
network.) After evaluating the buoyant velocity v, of the rising 
flux tubes, and setting 1, = H/v,, we have, using equations (1) 
and (2) 


B? P 2 ai N 
Pmag™ -Znan E ) (S) dyn om (5) 


for the magnetic pressure in a loop, where T; is the white-dwarf 
surface temperature in units of 10°K. This is to be compared 
with gas pressures Peor~ 10°dynem™? and py, ~ 
4x 10° Ms dyn cm in the corona and boundary layer, respec- 
tively''°, where 10'° M,,gs°' is the accretion rate. If Pag ® Poors 
Pai, the ‘loops will be crushed to the white-dwarf surface and 
reconnect there, giving a filigree network and no large-amplitude 
soft X-ray pulsation. For the loops to influence transport proces- 
ses, they must penetrate the accreting gas, that is, we require 
Pmag = 10° dyn cm™*. (Clearly the loops can never become strong 
enough to channel the accretion flow dynamically, that is, such 
that Pmag ® Poor, Pat, as they are anchored in material of only 
comparable inertia.) From equation (5) we see that this is only 
possible for strong loops of low coherence, that is, for C ~3; 
from equation (4), it appears this is most likely to occur at 
outburst, when differential rotation is strongest and thus z is 
smallest. 

The soft X-ray oscillation observed over 10 days during a 
superoutburst of VW Hyi appears to be coherent, with a 14-s 
period’. Here the magnetic field must be fixed in the degenerate 
core of the white dwarf: loops due to field-winding would always 
tend to erupt at fixed positions on the white-dwarf surface, 
giving a coherent pulsation at the spin period, which must 
therefore be 14s, implying a very rapidly rotating white dwarf 
of mass =0.7 Mo. 

Besides VW Hyi, only two other cataclysmic variables show 
coherent (optical) pulsing which does not appear at hard X-ray 
energies: namely, DQ Her and V533 Her. AE Aqr shows rather 
weak and fairly soft coherently-pulsed X rays''. The periods, 
P, of all three, 71, 63 and 33s respectively, are much shorter 
than any other coherently-pulsing cataclysmics. As noted by 
Warner’, these three ‘DQ Her’ systems form a subgroup distinct 
from the "AM Her systems and intermediate polars mentioned 
above. The absence of hard X-ray emission in DQ Her and V533 
Her, and its weak presence in AE Aqr, are strikingly analogous 
to the observations of VW Hyi. I suggest that these DQ Her 
systems have quite weak permanent magnetic fields, amplified 
by dynamo action as in VW Hyi in a superoutburst. The repro- 
cessing of pulsed soft X rays in the surrounding accretion disk 
accounts for their optical properties; it may be possible to ` 
understand the abrupt cessation of the pulsation in V533 Her’? 
in this way. Detection of pulsed soft X-ray emission from DQ 
Her or V533 Her would support this suggestion, but may be 
frustrated by interstellar absorption. 

I thank Drs G. Williams and M. G. Watson for discussions. 
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‘In the earliest stage of planetary-body formation, a proto-planet 
presumably consists of loosely-accumulated solid grains, or 
clusters of grains, with ice mantles and water-ice grains. Physical 
‘and chemical reactions, similar to diagenesis’ in the terrestrial 
permafrost”, may occur and may be enhanced by an interfacial 
water layer between solid grains and water-ice at temperatures 
beléw the melting point of water-ice. The thickness of the inter- 
facial water layer increases with rising temperature and/or press- 
ure in the proto-planetary body. The model I propose here eases 
the thermal constraints. imposed by earlier models** of low- 
temperature: aqueous alteration in primitive extraterrestrial 
materials in which formation of an aqueous medium promoting 
these alterations required complete melting of the water-ice. In 
» the proto-planetary body, low-temperature alterations, for 
: example, the formation of hydrated silicates, will take place 
because of the presence of an interfacial water layer. 

In the cooling solar nebula, solid particles may be formed by 
condensation from a vapour in the inner part of the nebula” 
and it has been suggested that the terrestrial planets and 
asteroids themselves are formed by accumulation of these solid 
particles at temperatures ~450 K. Transport of dust particles 
from a hot to a cooler region of the solar nebula may produce 
fluffy aggregates®, which, if transported to a low-temperature 
region (<210K), would. initiate condensation of water-ice 
and/or clathrates°, that is, conditions favourable for the gradual 
accumulation of solid particles (dust) or clusters of particles 
with ice mantles or included ice grains. 

Mechanisms for the accumulation of small grains into larger 
clusters, aggregates, small planetary bodies and all intermediate 
stages of growth, on cosmologically-reasonable time scales, have 
been proposed”’®, but for the purpose of this discussion I shall 
define two stages in the evolution of a planetary body: a proto- 
planetary and a sub-planetary stage. A proto-planetary body 
may form by rapid accumulation of solid grains because of 
gravitational instabilities over a period of at least 10° yr. This 
proto-planet (a few km in size) consists essentially of primordial 
matter, including solar nebula condensates and interstellar 
grains, recently accumulated outside the turbulent regions of 
the solar nebula’®; it will be a loose agglomeration of grains, 
mainly silicates, and clusters of grains with variable thicknesses 
-of ice coatings. In the proto-planet, random mixing of dust and 
icy-dust grains ‘will give rise to localized regions with consider- 
able diversity in the dust/ice ratio. The second, sub-planetary 
stage may evolve from the proto-planetary stage on a time scale 
of ~10* yr’; the sub-planet (500-1,000 km in size) will consist 
primarily of reworked solar nebula material’, for example, layer 
silicates may form by low-temperature ( < 400 K) aqueous alter- 
ation of primordial olivine and pyroxene’’. 

In previous models of planetary-body, asteroid and comet 
evolution, an internal heat source has been proposed to explain 
the observed geochemical and mineralogical data>*. These 
models discuss the formation of liquid water above the melting 
point of water-ice, which may exist? in asteroids as a transient 
‘internal atmosphere’ sealed-in from the low-pressure environ- 
ment by a layer of ice at the surface with a lifetime determined 
by the sublimation rate of the water-ice’'*. Indeed, in a fluffy 
body of minimum diameter 1.2 km, the decay of short-lived 
6A}, present in unusually high abundance as inferred from CV 
chondrites, will raise the internal temperature to 1,800 K”. Fur- 
thermore, both the 7°A1 half-life (7.2x10° yr) and the sub- 
planetary-body accretion time (10* yr) are short, hence it has 
-been argued’ that their overlap would be fortuitous. 


















My proposed model for dust evolution in a proto-planetary 
body draws on studies of diagenesis in low-temperature terres- 
trial environments such as the permanently-frozen surface soils 
in Antarctica. In general, diagenesis requires the presence. 
water’. Studies of soils from Wright Valley (Antarctica) show 
that substantial chemical weathering occurs at temperatur 
between 233 and 268 K'*"'®. However, equilibrium. miner. 
assemblages will not occur in these soils as chemical reactio 
at these low temperatures are kinetically controlled’ 
Chemical weathering in-the Antarctic environment is enhance 
by the presence of (unfrozen) liquid-water at the interface 
solid grains (for example, silicates) and water-ice’. (Weathering 
of silicates usually involves the transformations of mica i 
vermiculite and vermiculite into montmorillonite’*'* and 
precipitation of carbonates, sulphates, chlorides, limonite (th 
is, poorly crystalline hydrated oxides of iron) and zeolites’® 
The liquid-like character of interfacial water disappears belo 
193 K (ref. 19): in addition, its presence is favourable for co 
minuting the silicate grains whose mechanical disintegration 
further enhances chemical reactions by exposing new surfaces”? 

An interfacial water layer in permafrost has the followin 
typical characteristics”: (1) a zone of enhanced structural ord 
is surrounded by less-ordered water at the interfaces of solid 
grains and ice; (2) its density is less than the density of free 
water; (3) its viscosity and specific volume are greater than those 
for free water; (4) an increase of overburden, or total pressure. 
at constant temperature increases the amount of interfacial 
water; (5) its thickness depends on the ambient temperature 
and on the nature of the solid grain. For example, with decrea: 
ing temperature, its thickness decreases exponentially from 10 
to 80 Å at 273 K to a minimum of ~6 Å at 193 K. In general, 
the thickest interfacial water layers have been observed on 
clay-ice mixtures. a 

In the permanently frozen soils of Antarctica, diagenet! 
mineral formation occurs on a time scale of 10*-10° yr'*!* 
and the amount of time necessary for accumulation of micr 
sized dust into larger clusters and aggregates ' and the evolutic 
of proto-planetary bodies into sub-planetary bodies” may’ be 
~10 yr. Thus, the time scale for diagenetic alterations in pro’ 
planetary bodies is sufficiently great provided the dust resides 
in a thermal regime in which an interfacial water layer wil 
persist. i 

That interfacial water layers can exist at temperatures belov 
the melting point of water-ice in the dust-ice mixture of a 
proto-planetary body eases the constraints of earlier model 
requiring the melting of all ice. In the proto-planetary body the 
temperature increase may be provided by an ambient bac! 
ground level of 2641, perhaps produced in our Galaxy at a 
constant high rate by common nova explosions”. Indeed, I hav: 
calculated that a diffuse supply of galactic *°Al, ~15% of the 
amount inferred from CV chondrites”, is sufficient to raise th 
internal temperature to at least 193 K. As the proto-plat 
develops physically, the total pressure will increase with th 
increase in volume and, with increasing pressure and tem 
perature, interfacial water layers between silicate grains and ice 
will increase in thickness. Thus, low-temperature diageneti 
reactions similar to those observed in terrestrial permafrost ma; 
occur in a loosely-packed mixture of silicate grains and ice ir 
a proto-planetary body with the result that some of its primordia! 
matter loses its primitive character and that new minerals. wil 
form in situ. The driving force for these reactions is similar ti 
that perceived for terrestrial diagenesis, namely, the excess fre 
energy initially provided by thermodynamically-unstabl / 
minerals such as semi-amorphous clay minerals and high 
temperature polymorphs’ ; in the proto-planetary body, this ma 
be provided by metastable phases”>** formed after initial con 
densation (or re-condensation) in the solar nebula or in the 
interstellar medium. Eventually, water-ice liquefies (owing t 
heating and compaction) and lithification (owing to collapse of 
open-pore spaces) commences and, as the proto-planet evolves 
into a sub-planet, the loss of liquid water will be controlled by 
the sublimation rate of water-ice on the surface*'?. 







































































chemical reactions occurring in the intermediate stage of evo- 
tion between unaccumulated dust in the solar nebula and the 
rmation of sub-planetary and planetary bodies. For example, 
iydrated silicates within interplanetary dust particles 
IDPs)?’ may have formed by the mechanism of interfacial 
water. IDPs are distinct extraterrestrial materials’??? which may 
or may not be related to CI and CM carbonaceous chondrites”, 
-but their densities are much lower than those of the car- 
bonaceous chondrites—1.5 to <0.1 gcm™ (ref. 30) and 2.2- 
29g cm > (ref. 31) respectively—and they are also more 

orous**. Nevertheless, both are considered relatively-primitive 
“samples from early in the history of the Solar System*’**. In a 
recent oxygen isotope study of the Murchison C2M meteorite, 
-it was suggested that aqueous alteration in this meteorite have 
occurred at temperatures near the freezing point of water and 
dit seems possible that at least some low-temperature aqueous 
Iteration in carbonaceous-chondrite parent bodies’! have been 
nitiated by the presence of interfacial water’. 

The early history of the Solar System is characterized by a 

“period in which gravitational perturbations set newly formed 
: bodies i in collisional trajectories” and it is conceivable that some 
Proto- planetary bodies, or parts of them, may have been ejected 
into the outer Solar System where they evolved subsequently 
‘into secondary comets*® and were stored at cryogenic tem- 
‘peratures. Solid material in the proto-planetary stage will be 
orous and of low density, whereas material from a sub- 
lanetary body is likely to be less porous and of higher density. 
Thus I suggest that these arguments and the proposed model 
are consistent with the hypothesis that certain IDPs may be 
derived from proto-planetary material recovered from a com- 
etary environment. 
‘T thank Ian Mackinnon for constructive criticism of the pres- 
nt model; Dave S. McKay for his encouragement and knowl- 
dge of Antarctic soil weathering; Professor F. C. Ugolini and 
Drs J. L. Gooding, M. E. Zolensky, H. A. Zook and J. Kerridge 
-critical reviews. F.J.M.R. is a National Research Council 
stdoctoral Research Associate at NASA Johnson Space 
Center. 
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The present model is a credible scenario for low-temperature 
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Although Mg-rich olivine occurs as isolated grains and in aggre- 
gates of carbonaceous meteorites’, its chemical features have 
generally been neglected in favour of the more esoteric Ca/Al-rich 
inclusions with their challenging mineralogy and isotope system- 
atics. Because cathodoluminescence has proved useful in revealing 
textures and compositional varieties for some minerals in 
meteorites, we have now applied the technique to look for textural 
features of olivine in carbonaceous meteorites relevant to the 
unresolved dispute over its origin, whether from a vapour or a 
liquid?”’. Our cathodoluminescence photographs of forsterite 
grains in Murchison (C2) and Allende (C3) meteorites reveal a 
blue core (inclusion-free) with planar boundaries to a red or dark 
rim (inclusions of glass, metal and silicate). We have also per- 
formed high-precision electron microprobe analyses revealing in 
these forsterites unusually large amounts of the ‘minor’ elements 
Al, Ti and Ca in the blue cores (and sharp chemical changes at 
the blue/red boundary), suggesting formation by crystallization 
at high temperatures from a source rich in these metals. Following 
conclusions drawn from previous analyses of olivine in meteorites 
(achondrites'’, Niger (1) C2’, Belgica 7904 (C2)'"), we believe the 
minor element signature should be able to characterize olivines in 
micrometeorites and in deep-sea particles (see accompanying 
paper’). 

The dispute about the origin of olivine in Murchison is based 
mainly on textural evidence*’. Olivines occur with up to 80% 
Fe,SiO, (fayalite)’, and we consider here only the forsterites, 
most of which occur as isolated grains within the matrix. There 
are many textural types of olivine in the Allende meteorite, 
which has complex petrographic features like other members 
of the Vigarano type'*. The present study considers only the 
isolated Mg-rich olivines, and does jet consider the range of 
olivines in the amoeboid aggregates’ * and exotic components’ $ 

All Mg-rich forsterites in both meteorites exhibit 
cathodoluminescence and contain substantial amounts of 
several trace elements (Mn, Ti, Cr), which may be activators. 
The best examples of cathodoluminescence zoning occur in the 
Allende olivines (Fig. 1). The important textural features are: 
(1) blue-luminescent olivine occurs as cores of isolated subhe- 
dral-to-anhedral single crystals (Fig. la); (2) each rim is con- 
tinuous and usually shows a weak red cathodoluminescence 
which vanishes at the boundary with the matrix; (3) in some 
crystals, the red-luminescent olivine abuts the matrix without 


_ an intervening dark outer rim; (4) dumbbells and clusters of 


grains are common, with each blue core surrounded by its own 
red rim; (5) most of the boundary of each blue core is composed 
of straight contacts with the red zone, although a completely 
euhedral boundary was not found (Fig. la, b); (6) an irregular 
network of red or dark olivine bands, some of which are curved 
(Fig. 1b) and some straight, traverses some of the blue cores; 
(7) inclusions of metal or glass are rare in blue cores, but 
common in dark regions. A particularly striking variety (Fig. 
lc) is an almost round blue olivine enclosed by another blue 
grain interpenetrated by bright-blue fine-grained material (poss- 
ibly devitrified glass). 

In the Murchison meteorite, most of each olivine grain 
exhibits blue cathodoluminescence whereas the red dark rim is 
usually incomplete. Each grain is sharp and angular, and there 
is no evidence from the cathodoluminescence for reaction’. 
between the olivine and the matrix. In reflected light, the surface 















Fig. 1 Pairs of photographs in reflected light (left) and 
cathodoluminescence (tight) of three forsterite crystals from the 
Allende meteorite, The: black and white rendition of the 
cathodoluminescence allows distinction only between blue 
cathodoluminescence (bright) and dull red or no cathodolumines- 
cence (dark). All photographs have the same scale. a, Subhedral 
luminescing core showing embayments (upper right) filled with 
non-luminescing olivine: euhedral boundaries of the core (right) 
correspond with the external boundaries of the non-luminescing 
rim (left). b, Subhedral luminescing core with apparent fractures 
filled with non-luminescing olivine: the upper portion of the core 
shows brighter cathodoluminescence than the lower portion, with 
a sharp boundary. c, Luminescing core with erratic variation of 
cathodoluminescence: sub-round included luminescing grain; 
network of fractures filled with non-luminescing olivine, and areas 
filled with. fine-grained brightly luminescent material, possibly 
glass. 


“sof the Murchison olivines displays a fretted pattern even though 
the blue cathodoluminescence is quite uniform. Only one distinct 
mineral inclusion, a pure MgAl,O, spinel, was found in the blue 
olivine. 

Olivine analyses were performed i in conditions given in Table 
l of the accompanying paper”. Figure 2 shows characteristic 
profiles of the composition of olivine grains from Allende and 
Murchison. The step scan from a blue core of the Allende olivine 
to its red inner rim shows a sharp change of Al content near 
the cathodoluminescence boundary, whereas Ca and Ti begin 
to decrease well within the blue core; Fe increases mainly in 
the outer rim, and Mn changes somewhat erratically. The Mur- 
chison olivine grain is unusual because it is rounded rather than 
angular, and shows concentric zoning; it was selected because 
the angular grains showed truncation of the zoning. The core 
has greater amounts of Ca, Ti and Al than the rim, and less Cr, 
Fe and Mn. 

A clear distinction between the Murchison and the Allende 
olivine grains having blue luminescerit cores is the smaller range 
of FeO (0.3-1.4 wt% ) in the former (Fig. 3). Although most of 
the Allende olivines with a blue core have ~0.5 wt% FeO, there 
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Fig.2 Profiles for Al,O,, CaO, TiO;, Cr,O,, MnO and FeO across 
cathodoluminescence zones (inset): a, forsterite crystal from the: 
Allende meteorite: 6, forsterite crystal from the Murchison 

meteorite. 


Pa K 2 
ay o w 
aia Se en ae aD mag ra 


Atende 








































wt % 


Fig. 3 Relation between FeO and MnO, CrO, and Ah O, it: 
isolated forsterite crystals from the Allende, Belgica 7904 and 
Murchison meteorites. Each point represents one electron micro 
probe analysis; clusters of adjacent points are represented by an 

enclosed number. 


is a continuous band reaching 6 wt%. Furthermore, the Mu 
chison olivines display a larger range of Cr,0; (0.1-0.6 wt% 
and MnO (0-0.2 wt% } than the main band of Allende olivines. 
(We cannot explain the few scattered analyses for Allende 
olivine.) Alumina ranges up to 0.4 wt% in olivines from bot! 
meteorites, but the FeQ-Al,O, patterns are quite distinctis 
The Belgica 7904 meteorite'’ shows similar ranges in composi- 
tion to Murchison, but lacks the cluster of analyses near FeO 
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).5, MnO 0.01, Cr,O, 0.1 and Al,O,; 0.03 wt%. Detailed study 
of the C2 meteorites is in progress to establish the nature of the 
ibpopulations of forsterites. In the Allende olivines, the L- 
shaped distribution on the FeQ-Al,O, plot is split into a blue 
ulation (low Fe, low-to-high Al) and a red population (low 
Al, low-to-high Fe). Correspondingly, in the C2 meteorites the 
blue olivines also have a higher Al,O, content than the red ones. 
mina is correlated with TiO, and CaO, and Ti may be a 
ajor control on the cathodoluminescence colour. 

‘igure 4 compares the compositional properties of forsterites 
m Orgueil! (Cl), Belgica 7904 and Murchison (C2), Allende 
*V3), Qingzhen'® and ALHA 77295 (E), and deep-sea particles, 
stratospheric particles and relic cores of Fe-rich olivines in 
equilibrated ordinary chondrites". The data for all olivines 
cept Qingzhen and the ordinary chondrites are of high pre- 
sion and were measured by the same technique. Those for 
gzhen and the ordinary chondrites (Krymka, Chainpur and 
Bishunpur) are of unspecified precision, and are probably of 
normal accuracy. 

< The olivines from the different meteorite families can be 
fferentiated on selected two-dimensional plots (for example, 
MnO versus Cr,0, and CaO versus TiO,, Cr,O, or Al,O,), and 
their resolution is further improved in multidimensional space. 
e MnO-Cr,0; plot separates the E meteorites from the C 
meteorites; the positive correlation for the two C2 meteorites 
(Murchison, Belgica 7904) is particularly good and similar to 
that for the deep-sea particles. Further conclusions should follow 

© database increases. 
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High levels of Al and Ti, a positive correlation with high 
levels of Ca, and significantly high levels of Cr’, are unique 
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4 Compositional relations in forsterites. Each point represents one analysis except in crowded regions (the shaded area contains about 
f the MnO versus Cr O, analyses in Allende). Sources: these are new analyses except those for relic olivines in ordinary chondrites!” and 
ivines in Qingzhen’'. The analyses for olivines in deep-sea particles are given in ref. 12. The four analyses for two stratospheric particles 
will be published when further data have been collected. 


features of those luminescent olivines found in the Allende and 
Murchison meteorites. All terrestrial forsterites with high Ca 
come from high-temperature rocks'*; the highest Al,O, is only 
0.10 wt%, in forsterites from high-temperature peridotite 
xenoliths from kimberlites'?. A maximum of 0.5 wt% TiO, 
occurs in forsterites from dunite xenoliths in kimberlites”®. All 
high-precision analyses of TiO, in achondritic meteorite olivines 
are lower in TiO, than the upper limits for TiO, in the forsterites 
in the Murchison and Allende meteorites'®. In the range of lunar 
rock olivines”! with 91-45% forsterite component, Al O, reaches 
0.15 wt% in a granulitic impactite, but is mostly below 0.04 wt% 
in other rocks; TiO,, however, rises to 0.22 wt% in another 
granulitic impactite and the median value of 0.04 wt% is in the 
middle of the ranges for the Murchison and Allende meteorites. 
In terrestrial forsterites, the highest value of 0.4 wt% CrO, for 
an olivine in dunite” is less than the maximum of 0.6 wt% for 
Murchison olivines and 0.8 wt% for Niger (1) olivines’. We 
conclude that the Allende and Murchison forsterites crystallized 
at high temperature from sources rich in refractory elements— 
indeed, V is also detected at the 100 p.p.m. weight level in blue 
Allende olivine. 

Whereas most of the Allende forsterites lie fairly close to the 
cosmic ratio of 97:1 for FeO/ MnO”, the Murchison forsterites 
lie in a band in which the ratio changes from close to the cosmic 
value for the blue cores to only six for the extreme values in a 
dark rim (Fig. 3). Although crystal-liquid and crystal~crystal 
partition coefficients for Fe**/Mn differ from unity t? for 
basaltic-peridotitic compositions, and although there is some. 
variation of FeQ/MnO among the olivines. of achondritic ©. 


meteorites’, the change of Fe/Mn in the Murchison forsterites 












“is too large to be explained by a simple crystal-liquid fraction- 
ation for an oxidized chondritic bulk composition. However, 
the. very low Ni content in the Allende and Murchison forsterites 
implies that the Fe was predominantly in a reduced state during 
crystallization of the forsterites; further experimental work is 
needed on Fe/Mn partitioning in such conditions. 

The sharp compositional gradients, especially for the refrac- 


ee ‘tory elements Al, Ca and Ti, suggest that chemical properties 


of the forsterites are essentially the same now as at their incep- 
tion. We tentatively suggest an investigation of (1) the growth 
of each blue core from a vapour rich in refractory elements 
(hence the paucity of inclusions, and the minor-element 
chemistry), and (2) the growth of the red/dark rim from a liquid 
that trapped the blue core. Mechanical transfer may be involved 
within an inhomogeneous medium. Crystallization of Ca, Al, 
Ti-rich phases may have changed the composition of a reservoir 
between the growth of a blue core and that of a red/dark rim. 
Survival of olivine grains during formation of chondrules is now 
well documented'’”’~*", and forsterite grains survive the melting 
of micrometeorites to yield deep-sea particles**. There is no 
direct relationship between the textures and minor-element 
chemistry (Fig. 4) of the Murchison and Allende zoned olivines 
with those of relic olivines in the ordinary chondrites'”*’~*° and 
the ALHA 77295 and Qingzhen E3 chondrites*'; nor is there a 
complete chemical match with the blue and orange luminescent 
forsterites in the Indarch and Kota-Kota enstatite chondrites” 
These differences preclude a common origin for the forsterites 
in the various types of chondrites studied so far, and demonstrate 
the value of the chemical signature as a genetic guide, for 
example, for characterization of deep-sea particles’*. Second, 
the complex textural and chemical features, including embay- 
ments and networks of dark olivine within blue cores, point to 
multi-stage events, and place constraints on the environment 
during growth, melting and further crystallization. Further 
studies involving isotopic analyses as well as textural and 
chemical measurements will test whether these complex proces- 


ses.occur only in the solar nebula, or whether they relate in part 


to interstellar dust’*”*. 


“We thank NASA for grant NAG 9-47; E. Olsen (Field 
‘Museum) for supply of the meteorites; N. Weber and O. 
Draughn for technical assistance, and J. F. Kerridge for helpful 
criticisms. 
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Deep-sea particles (DSP) extracted magnetically from ocean 
sediments are the products of aerodynamic heating and cooling 
extraterrestrial materials’. Most DSP have bulk compositions : 
elemental ratios similar to CI and CM(C2) carbonaceo 
meteorites’ and some contain relic grains’ of Mg-rich olivir 
(forsterite). Here we describe the results of high-precision electro 
microprobe analyses on relic forsterites (26 spots) in 13 differen 
DSP, comparing their ‘minor’-element (Mn, Cr, Ca, Ti, Al) si 
natures with those of olivines found in several types of meteorites 
Our studies show that the DSP olivines do not match those fr 
terrestrial and lunar rocks and achondritic meteorites“; match 
poorly those of the carbonaceous Allende (CV3) and Orgeuil ( 
meteorites”; but are well matched with olivines from C2 
meteorites**, including the unusual Belgica 7904 meteorite” » We 
believe this demonstrates the power of the minor-element signature 
to fingerprint olivines—an idea we have introduced in the accom 
panying paper’. 

The deep-sea particles contain much olivine, but most olivin 
is Fe-rich and has a fine texture attributed to rapid crystallization 
from a melt created during entry into the atmosphere”. Eac 
particle selected contains at least one relatively large olivin 
grain of almost pure forsterite (Mg-rich olivine) which may 
overgrown by relatively Fe-rich olivine—the boundary betwee 
is abrupt. The bright blue cathodoluminescence of the forste: 
is distinctive by the absence of luminescence in the olivine wit 
more than 2% Fe,SiO,. The results of the electron microprob 
analyses are given in Table 1. 

There was no match between the minor-element signature: of 
the relic olivines in DSP and olivines from terrestrial rocks 
First, almost pure forsterite is very rare in terrestrial rocks; only 
occurring in some metamorphosed i impure limestones’. Second, 
terrestrial forsterites’°, from igneous rocks, have typicall 
0.4 wt% NiO, in contrast to the low values (near the detection 
limit) of NiO in DSP relic olivines (Table 1). Third, the levels 
of CrO, (0.12-0.48, mean 0.39 wt%), TiO, (0-0.07, mea 
0.03 wt%) and Al,O; (0.01-0.19, mean 0.09 wt%) in the DS 
relic olivines are not matched simultaneously by terrestri 
olivines. This direct mineralogical evidence confirms the earlic 
conclusion!” from bulk chemical and isotopic analyses that D! 
originate from an extraterrestrial source. 

Lunar olivines'' do not provide a match, particularly for Fe 
and Mn. Olivines in pallasites, ureilites, nakhlites, shergottites, 
Brachina and Chassigny contain too much Fe*, The obvious 
possible match is with olivines from carbonaceous chondrite 
many studies’? have shown that forsterite (0.5-5.0 Fe,SiO,) is 
abundant in all three principal groups. Because the data for 
minor elements in these forsterites are not comprehensive, we 
supplemented the existing data (for example, Niger I (C2), 
Belgica 7904 (C2)’) with new measurements (Murchison (C2); 
Allende (CV3)°; Orgueil (C1), Mighei (C2), in preparation). 
We are not concerned here with the controversial origin of the 
forsterites® but only with their minor-element signatures. 

Figure | shows the correlation between FeO and MnO, which 
is useful for sorting achondritic olivines. The positive trend for 
DSP forsterites and those for the three C2 meteorites match — 
reasonably well, but new data of higher precision are needed 
for Niger (1)®. Data for the forsterites from the Allende CV3 
meteorite do not match the trend; the relatively high Ni in the | 
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Orgueil olivines precludes a match with these data, no matter 
“how well the Mn and Fe compare. Figure 2 compares the ranges 
_of olivine compositions in two of the C2 meteorites, and suggests 
that the DSP relic olivines match more closely the olivines from 
‘Belgica 7904 than those from Murchison. Most of the olivines 
in a band from 0.5 wt% Cr,0, and 0.2 wt% CaO to 0.2 wt% 
40; and 0.5 wt% CaO. Twenty-two analyses for DSP relic 
livines lie in the band and three lie on the edge of the band. 
some olivines from Murchison appear to fall into a second band 
ith 0.15. wt% Cr O, and variable CaO. Only one of the analyses 
f the DSP relic olivines lies in this second band, but it must 
e emphasized that there are only 13 relic olivines and hence 
tical control is insufficient. 

though the present sample of minor-element signatures is 
mall for both the DSP relic olivines and the forsterites from 
maceous meteorites, the general match with the C2 olivines 
iking. This reinforces the similarity already found’ between 
he major-element ratios of bulk DSP and C2 meteorites. The 
resence of diopside-rimmed spinel-perovskite aggregates in 
ome DSP” also suggests a match with C2 meteorites'*. Inciden- 
lly, any Fe-rich olivines from a C2 source should melt more 
asily than the forsterites because of the general decrease in 
‘ting temperature that occurs with increasing Fe/Mg ratio. 








KK1Q-8 KKIQ-185 
1 2 3 l 2 3 


0.069 0.078 0.060 0.172 0.154 0.190 
0.210 0:185 0.202 0.350 0.348 0.350 
0.032 0.027 0.033 0.067 0.054 0.053 
0.502 0.478 0.438 0.347 0.259 0.180 
0.144 0:128 0.119 0.046 0.030 0.020 
1.09 0.718 0.810 0.670 0.747 0.690 


0.018 0 0 0.005 0.009 0.031 
KKIT-J2 KKIT-13 KKIT-10 KKIK-15 KK1K-9 
2 i i 1 2 i 


0.109 0.145 0.041 0.013 0.029 0.031 
0.199 0.141 0.197 0.214 0.209 0.147 
0 0.021 0.011 0.033 0.035 0.034 
0.422 0.561 0.489 0.472 0.453 0.118 
0.201 0.364 0.118 0,133 0.142 0.041 
151 0.899 1.10 141 1.44 LH 

0.007 0.013 0 0.013 0,013 0.007 





ification and ZAF correction. 
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JO Fig. MnO versus FeO for relic olivines in 


deep-sea particles (Table 1) and isolated Mg-rich 
olivines in the Orgueil (Cl), Allende (C'V3)°, Mur- 
chison (C2)°, Belgica 7904 (C2)’ and Niger I 
(C2) meteorites. Each point represents one 
analysis. Clusters for Allende and Murchison are 
shown by ringed numbers, Analyses for Niger I 
were taken from Fig. 7 of ref. 6: most analyses 
fall within the hatched region; the standards and 
precision were not given. Many Orgueil olivines 
have more than 2 wt% FeO, and all have a higher 
Ni content than the olivines in C2 and C3 
meteorites. 


DSP 
Murchison 
Belgica 7904 


Fig. 2 CaO versus CrO, for relic olivines in deep-sea particles 
(DSP) (Table 1) and isolated Mg-rich olivines i in the Murchison 


and Belgica 7904 (C2) meteorites*”’ 


Table 1 Electron microprobe analyses of relic olivines in deep-sea particles 





KK1Q-100 
I 


KKIT-7 KKIT-10 KKIT-12 
1 2 l 2 l 


0.010 0.039 0.115 0.062 0.155 
0.314 0.343 0.212 0.178 0.201 
0.022 0.019 0.024 0.024 0.012 


0.158 0.178 0.462 0.464 0.476 
0.008 0.005 0.075 0.071 0.168 
0.625 0.564 1.08 8.960 138 
0 0 0.006 0 0.042 
KKI}-9 KKIJ-5 
3 i 2 l 2 


0.064 0.113 0.102 0.101 0.079 
0.246 0.097 0.106 0.257 0.189 
0.047 0.045 0.034 0.057 0.065 
0.500 0.494 0.576 0.435 0.422 
0.118 9.110 0.210 0.116 0.129 
1.38 1.33 1.49 1.88 1.72 

0.013 9 0.019 0.024 0.048 


-Analytical conditions: standards—P140 olivine (Mg, Si, Fe), enstatite glass with 5% ALO; {Al), diopside glass (Ca), Corning V-glass (Ti, Cr), 
_ Corning W-glass (Mn), Corning X-giass (Ni); 25 kV; 100-nA sample current on forsterite; 10-~m beam diameter; backgrounds measured for each 
spot; detection limits (2 s.d.)—AI,O, (0.022 wt%), CaO (0.008), TiO,, Cr;O, and MnO (0.007), FeO and NiO (0.014); ZAF (atomic number, ~ 
psorption, fluorescence) correction; count rates for Mg and Si (30,000 counts s~!) too high for accurate deadtime correction, but suitable for. 
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Detailed analyses of forsteritic olivines in additional DSP and 
carbonaceous meteorites are in progress to see whether a minor- 
ity of the DSP olivines can be matched reliably with olivines 
from Cl and C3 meteorites—also whether the majority of DSP 
olivines can be further matched with a subgroup of the C2 
meteorites. Detailed study of the trace elements and textural 
features of the olivines in DSP and other extraterrestrial 
materials should impose additional constraints on their origin. 
Presently, it is important to recognize that precursors of DSP 
are dominated by carbonaceous cHondritic. material whereas 
macrometeorites mostly consist of ordinary chondrites. 

We thank O. Draughn and N. Weber for technical help, and 
NASA for grants NAG9-47 and NSG9052. 
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Phospholipid or fatty acid monolayers at the air—water interface 
exhibit a series of pressure and tem a ERE two- 
dimensional conformational changes’. New techniques’ of 
studying the microscopic heterogeneity of lipid monolayers have 
shown that, with increasing pressure, they undergo first a gas—fluid 
phase transition via a two-dimensional foam’, and subsequently a 
transition, extending over a finite pressure region of several 
mN m7’, from the fluid to a crystalline state. This could be 
attributed to the coexistence of these states’ and has been explained 
in terms of their different electric polarizations—a new picture of 
the fiuid-solid phase transition. We have demonstrated‘ that 
monolayers may be transferred from the air—water interface to 
solid substrates, not only from completely condensed, but also 
from more expanded, states such as these fluid-solid coexistence 
regions of pure and mixed monolayers. This suggests new 
possibilities of preparing Langmuir—Blodgett films with mosaic- 
like arrangements of crystalline and amorphous patches several 
micrometres in diameter“. We report here a new electron micro- 
scopy technique which allows us to study the microstructure of 
such films, without any staining, up to a resolution of 1,000 A. 
Different phases may be distinguished by phase contrast, owing 
to differences in electric charging caused by a corresponding 
difference in the electric conductivities, and electron diffraction 
patterns taken from selected areas can give information on the 
molecular packing of the phases. 

Our ability to transfer monolayers from expanded states, 
without severe alteration to the structure, suggests new applica- 
tions in molecular electronics®, integrated optics’ and as models 
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Fig. 1 Sandwich-type substrate for transfer of the monolayers 
from the air-water interface, comprising an lectron microscop: 

grid (2), covered with a Formvar film 200A 
film 50 A thick (4), and a silicon monoxide | ye 
The carbon film provides a conducting layer at 
monoxide, a well-defined hydrophilic surface. | 
deposited on a cover rslip (1) to reduce edge effect 


small as an electron microscope grid. The ansicr i is achieved b 
the Langmuir- Blodgett method by pulling the whole substrate ou = 
of the water, at constant pressure and at a speed of 0.5 cm min” 
For observation, the grid is detached from the coverslip as indicated 
by the dashed lines. 


Fig. 2 Electron micrographs of a pure dimyristoylphosphatidic 
acid (DMPA) monolayer transferred from the fluid-solid 
coexistence region. (Scale bars 5m.) a-c, Low-magnification 
phase-contrast micrographs taken at different degrees of defocus: - 
ing: a, overfocus of f= +10 mm; b, underfocus of f=—10mm; & 
underfocus of f = ~1 mm. In a parallel electron diffraction experi- 
ment, it has been shown that the quasi-dendrite platelets exhibit 
hexagonal diffraction patterns and thus form two-dimensional 
crystallites whereas the residual area is in an amorphous state. The 
small dark or bright spots represent holes in the Formvar foil; the 
actual size of these holes is much smaller (0.1-0.5 um). d, Scanning 
transmission micrograph, in the dark-field mode, of a DMPA: 
monolayer in the same state as in a-c. By measuring the intensity 
of the elastically scattered electrons it has been shown that the 
mass density of the crystalline monolayer dendrites is greater by | 
~25% than that of the amorphous patches. Actually, the relative 
mass difference is 1.4% because of the contribution of the substrate 
which was estimated by calibration with carbon layer exhibiting a 
step of well defined height. The rather high contrast of the micro- 
graph occurs because part of this background intensity has been 
subtracted electronically. The small spots are again caused by holes 
in the Formvar film and they exhibit shadows because of the 
nonlinear response of the amplifier. 


of biological membranes*. For example, amphipathic membrane. 
proteins with polar head groups and a hydrophobic core, such > 
as the insulin receptor, may be incorporated into a fluid 
monolayer but are expelled from condensed crystalline states 
(W. Pfeiffer and E. Sackmann, unpublished work). By transferr- 
ing from a fluid-solid coexistence region, the proteins may 
remain in the fluid patches while the protein-free crystalline 
part provides for a high mechanical stability—an important step 








Fig.3  Phase-contrast electron micrograph of a mixed monolayer 
of DMPA containing 10 mol % (a) and 20 mol % (6) of cholesterol 
(scale bar 5 um}. The film was deposited at a constant pressure of 
30 mN m™ at 20°C. According to film-balance experiments, the 
monolayer is completely condensed at this pressure. c (Left), An 
electron diffraction pattern taken from the area indicated by the 
dark disk on the micrograph on the right, which defines the area 
probed by the electron beam. A superposition of two mutually 
rotated hexagonal diffraction patterns is observed, showing that 
“the dark domains correspond to a crystalline monolayer phase of 
‘almost pure DMPA. Two diffraction patterns are observed 
because the electron beam passes an area where two platelets, of 
slightly different orientation of the crystal planes, coalesce. No 
sharp reflections are observed if the electron beam traverses only 
the bright regions. From platinum-shadowing experiments it fol- 
lows again that they are covered by a monolayer and thus corre- 
spond to an amorphous phase, rich in cholesterol. 


towards the preparation of biosensors by combining Langmuir- 
Blodgett films with field-effect transistors. Transfer of expanded 
lipid monolayers to small substrates such as electron microscope 
grids covered with carbon films is not possible because edge 
effects cause rupture of the monolayer during the transfer pro- 
cess and so we have used the rather complex substrate, shown 
in Fig. 1, which provides a large area to minimize edge effects 
and which allows only one side of the substrate to be covered. 
For electron microscopy the electron microscope grid can be 
detached from the glass plate. The microstructure of the 
monolayer on the air-water interface can be observed, to a 
‘resolution of several micrometres, by a recently developed 
microfluorescence technique’ and it is therefore possible to test 
whether the transfer has been accomplished without severe 
structural changes. 
The electron micrographs are taken with a Philips EM 400T 
microscope, in the low magnification mode, at a very small angle 
of illumination. A magnetic shutter above the specimen allows 
one to work with a minimum dose. High beam coherence, 
“necessary for image formation, is achieved by using a highly 
érgized first condenser lens and a large focal length of the 
bjective lens. The electron optical configuration is similar to 
hat for the Lorentz microscopy of ferromagnetic domain walls’, 
llowing, in particular, large values of defocusing (up to several 
millimetres) of the objective lens to be achieved. 
The contrast formation is demonstrated in Fig. 2 for a dimyris- 
toylphosphatidic acid monolayer (DMPA) transferred at a 
pressure slightly above the fluid-solid transition: the quasi- 
dendrite platelets are two-dimensional single crystals distin- 
guished by their sharp diffraction spots (compare with Fig. 4b). 
lthough the residual areas do not exhibit an observable diffrac- 
tion, they are definitely covered by a monolayer, as revealed by 
platinum shadowing experiments showing the difference in 
height between the two phases to be certainly <10 A and also 
` by darkfield-scanning transmission electron microscopy experi- 
ments? (compare with Fig. 2d) which measure the relative 
_ cross-section of elastically scattered electrons, showing the 
















































Fig.4 a, Micrograph of the monolayer of a mixture of arachidic 
and perfluordecanoic acids taken with a microscope equipped with 
an interferometer, The film was transferred from the fuid—solid 
coexistence region. A diffraction experiment shows that the almost 
circular patches correspond to the fluid phase and the residual 
area is covered by a crystalline monolayer. The interference fringes 
of the two phases are mutually shifted by about one fringe distance, 
corresponding to a phase shift of ~2a (Scale bar | ym). Note that 
the shifts associated with the larger and the smaller circular 
domains are in opposite directions because the interferometer used 
is a Fresnel-type biprism allowing only relative phase shifts 
between the two half waves to be measured. Thus, if two platelets 
are situated at opposite sides with respect to the symmetry axis, 
they produce opposite phase shifts. b, Demonstration of small- 
angle defiection of the electron beam by the heterogeneous 
monolayer of a transferred to pure carbon substrate. The aperture 
of the undisturbed beam is 0.8 x 10°? rad (disk in upper right-hand 
corner). The broadening caused by the monolayer (lower bright 
spot) corresponds to an angle of deflection of 2x10°% rad. 6 A 
schematic representation of contrast formation by charge decor- 
ation. Top trace, monolayer with excess charges producing an 
excess electric field, E. Also shown are the object plane (OP) and 
two situations of defocusing, where P, and P, denote the image 
planes. Note that the electric field at the bottom of the specimen 
is compensated by the conducting carbon layer (CL) of the sub- 
strate. Middle trace, wavefront of the electron beam g(x, y) distor- 
ted by the excess electric field, E. The vertical component of E 
leads to a phase shift and the horizontal component to a simul- 
taneous deflection of the electrons, which is largest at the boun- 
daries between the phases. Lower trace, schematic representation 
of the electron distribution at planes P, and P,: note that P3 
indicates the real electron distribution at the plane P, below the 
specimen, and P{ the virtual distribution at the plane P,, above 
the specimen. 











relative difference in mass density of the two types of textures 
to be 25% of a monolayer. This corresponds well with the change 
in packing density of ~30% observed at the fluid-solid transi- 
tion. Thus, the heterogeneous monolayer can indeed be 
transferred from the fluid phase to solid substrates without 
substantial structural change. 

An example of a heterogeneous monolayer for a mixture 
where both phases are in completely condensed states is shown 
in Fig. 3 with the relative area covered by the dark domains 
decreasing from 70% in a to 30% in b. The domains are thus 
formed by a crystalline solution of cholesterol in DMPA, creat- 
ing two-dimensional single crystals (Fig. 3c). The bright areas 
do not exhibit sharp reflections and thus correspond to an 
amorphous cholesterol-rich phase, in complete agreement with 
a phase diagram for this mixture (established previously by 
film-balance techniques'') which exhibits a miscibility gap in 
the solid state of the phosphatidic acid. 

The following observations provide evidence that the contrast 
between the crystalline and the amorphous monolayer is caused 
by a different electric charging of these two phases. (1) The 
contrast appears gradually after irradiating the sample with a 
dose of 107*-107* electrons A~* and is accompanied by secon- 
dary electron emission. The charging of the monolayer is 
retained, and thus the contrast maintained, for some minutes 
after switching off the electron beam. (2) All micrographs shown 
were taken before any beam damage was observable. The con- 
trast decreases after prolonged exposure, accompanied by a 
simultaneous decrease in the diffraction intensity. Such radiation 
damage becomes noticeable at doses >I electron A7'. (3) The 
contrast disappears if the lipid monolayer is covered by a con- 
ducting platinum layer; it is attenuated gradually if carbon layers 
of increasing thickness are deposited. (4) The electron waves 
are both shifted in phase and deflected on transversing the 
heterogeneous monolayers, as is demonstrated in Fig. 4a and 
b, respectively. 

The contrast formation may be explained in terms of the 
charging of the monolayers as described in Fig. 4c for the case 
of crystalline domains carrying an excess positive charge whose 
associated electric field is not compensated above the specimen 
and exhibits both a vertical component and a horizontal com- 
ponent which is strongest at the boundaries between the phases. 
One therefore expects a phase-shift difference between the waves 
traversing the two phases as well as a deflection of the electrons, 
with both effects producing a contrast in the case of defocusing’?. 
In the case of focused images a contrast can also be produced 
if part of the low-angle deflection is suppressed by insertion of 
an aperture (A. Fischer, in preparation). However, we cannot 
presently account quantitatively for the large phase shift of 
~2¢r: it cannot stem from the mass difference of the monolayer 
phases, as even a 200-A-thick carbon layer would give a shift 
of only 7/2, but must arise from an electric field extending far 
into the space above the specimen. 

We have demonstrated that the charging of isolated lipid 
monolayers on conducting substrates provides a simple method 
for distinguishing different phases of transferred lipid 
monolayers by transmission electron microscopy, with simul- 
taneous electron diffraction providing information on the local 
molecular structure. On the other hand, monolayers can be 
easily transferred from the air-water interface to the substrate 
without structural changes at least at pressures above the liquid- 
solid transition of pure, or above the liquidus line of mixed, 
monolayers. Therefore, the present technique can provide a 
powerful method for studying the microscopic structure of 
heterogeneous lipid monolayers. We will show elsewhere that 
it may also be exploited to establish phase diagrams for mixed 
monolayers. 

We thank Dr H. Lichte from the Institut fir Angewandte 
Physik of the Universität Tübingen for performing the interfer- 
ence experiments; Professor L. Reimer (University Münster), 
Drs E. Knapek (Siemens Munich) and D. Typke (Max-Planck 
Institute for Biochemistry, Martinsried) and Professor L. Bach- 
mann (Technical University of Munich) for helpful discussions. 
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There have been at least two reports’? of volcanic materials. 
containing enhanced levels of plutonium. In both cases, the Pu/U 
ratio ranged from 10~'° to 10~*, compared with a ratio of 1077 
in uranium ores of non-volcanic origin’. The natural occurrence 
of significant concentrations of plutonium in the Earth’s crust or 
mantle would have profound implications for many geophysica 
processes, but all the samples analysed so far were collected afte: 
the first nuclear explosions, and thus may have been contaminated 
by atmospheric fallout. We have therefore now measured. th 
plutonium content and uranium isotope ratio of a number oi 
samples collected before the first nuclear explosions. The results 
conform with those reported for non-volcanic uranium ores. ` 

The potential causes for changes in the Pu/U ratio includ 
the possibility of selective migration of the small amounts. o 
Pu normally found in uranium minerals to areas of low uranium 
abundance. Should the volcanic eruption cause the Pu-rich 
fraction to be selectively sampled, the lava would appear to. 
have a high Pu/U ratio. A similar effect would be found if the. 
uranium is removed selectively either before or during the 
eruption. ; 

If the Pu-rich strata had been undisturbed for a period of. 
time that was long compared with the half life of “Pa 
(24,400 yr), the *°U produced during the radioactive decay 
would shift the isotopic composition of the uranium toward: 
higher concentrations of the lighter isotope. A major aim of ou 
study was therefore concerned with whether this effect could 
indeed be observed, for a positive outcome might shed light on 
the time interval involved in the plutonium fractionation. 

There are also other possible explanations for the high con 
centrations of Pu—either the radioactive decay of a long-lived 
precursor of *°Pu or the presence of a naturally occurring: 
neutron source could result in the increased amount of Pu. 
(refs 1, 2). Our present experiments could not differentiate: 
between these different hypotheses. 

Because the dust present in the air deposits rather large. 
amounts of Pu as fallout from nuclear tests in the atmosphere; 
we were concerned about contamination in our experiments and - 
so obtained our samples from the collection of the Field Museum 
of Natural History in Chicago where, except for the ash from. 
Mt St Helens, all samples had been collected before 1930 and 
stored since then in the vaults. To reduce further the possibility 
of contamination, all samples were processed either in a clean 
laboratory in the Chemistry Division building of Argonne’ 
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Chemical composition of lava samples from Kilauea and ash’ 
from Katmai 















Sample no. 


Kilauea, Hawaii Katmai, Alaska 











G677 G678 G2565 G2571 G2581 G2350 


53.6 47.8 49.3 31.3 49.6 $8.0 
2.37 2.10 2.62. 2.65 2.67 0.47 

12.2 10.6 12.6 12.8 12.9 19.4 
3.80 2.26 2.76 2.75 2.76 1.20 
7.46 9.86 9.33 9.23 9.38 3.25 
0.15 0.15 0.15 0.15 0.15 0.12 
9.04 5.99 7.76 7.39 7.38 3.07 

10.17 9.49 11.35 11.50 11.50 8.49 
0.037 0.040 0.043 0.044 0.045 
0.016 0.018 0.018 0.019 0.019 
2.29 2.45 2.16 2.16 2.45 4.32 
0.36 0.48 0.48 0.48 0.48 0.60 











Tabulated values are weight %. 





National Laboratory or in a clean laboratory in the Environ- 
mental Research Division. 

“A. series of control samples was processed to determine the 
urity of the reagents and demonstrated that uranium was almost 
‘absent. The uranium levels in these controls were ~1 ng, <0.1% 
of the uranium in the actual samples. In addition, the isotopic 
‘ratio of the uranium in the control samples was found to be 
normal. All samples indicating any degree of enrichment in *°U 
were processed at least twice in both laboratories as an additional 
‘safeguard against contamination. 

- Complete chemical analyses and X-ray powder diffraction 
jatterns were obtained for the Hawaiian lavas and the ash from 
Katmai, as the unusual *°U/?**U ratios are associated with 
‘these materials. The chemical compositions are listed in Table 
. Major constituents identified by X rays were feldspar and 
yroxene in the Hawaiian lavas, with the occasional occurrence 
of olivine in lesser amounts. The only phase identified in the 
‘ash from Katmai was feldspar. The composition data show the 
jawaiian material to be tholeiitic, as expected for the region’. 
However, the trace element compositions, notably the level of 
uranium, suggest that some crustal material found its way into 
the basaltic lava. The composition of the ash from Katmai is 
fairly representative of andesitic basalts of the east Pacific rise. 
‘Here too, the trace element composition indicates an admixture 
of some crustal material. 

The samples could be completely dissolved by leaching with 
HCI, followed by treatment of the residue with a mixture of 
HNO, and HF; the HCI solution was evaporated, redissolved 
‘in HNO, and added to the residue solution. 

_ Pu and Th were extracted by passing the sample solution, 
8M in HNO,, through a column containing Dowex I anion- 
xchange resin whose effluent contained the uranium fraction. 
is was evaporated to dryness, taken up in 9 M HCI then passed 
ough a second anion-exchange column for separation of 
nium from titanium. The uranium, together with iron, was 
uted from the column with 1 M HCI. The iron was removed 
‘by multiple extraction of the uranium into diethyl ether from a 














Year of Type of 

Source eruption material 
St Helens 1980 Ash 
Vesuvius 1906 Ash 
Kilauea 1890 Lava 
Kilauea 1890 Lava 
Kilauea 1926 Lava 
Kilauea 1926 Lava 
Kilauea 1926 Lava 
Katmai 1912 Ash 












Mt St Helens 

Mt Vesuvius (Li2408) 
Kilauea (G677) | 
Kilauea (G678) | 
Kilauea (G2571) | 
Kilauea (G2581) | 
Kilauea (G2565) | 
| 

| 

| 

| 













Katmai (G2350) 






NBS (Belgian Congo) 





NBS (950 A) 








































A (deviation from 0.007254) of 
235/238 ratio 


Fig. 1 Deviations from the mean value (0.007254) of the 

2351/2381) ratio obtained for the samples listed in Table 1. The 

solid vertical line represents the mean value of the report of the 

Subcommittee for the Assessment of Isotopic Abundances of the 

International Commission of Atomic Weights and Isotopic 

Abundances*, the dashed lines represent the limits of their 
variations. 


1 M HNO, solution saturated with NH,NO;. Finally, the 
uranium was re-extracted with water and this solution evapor- 
ated to dryness after addition of a few drops of HCIO, to 
destroy organic impurities. The plutonium was obtained from 
the first anion-exchange column by elution with 0.1 M HCI after 
the thorium had been removed with concentrated HCI. Pu was 
electrodeposited onto counting plates for assay. 

Uranium-isotope ratios were measured on an automated 
triple-filament thermal-ionization source mass spectrometer 
equipped with a Faraday-cup collector. Corrections for fraction- 
ation were made by addition of a double spike of *“U and **°U, 
which had been previously calibrated with National Bureau of 
Standards U-500 isotopic standard. At least one unspiked sample 
from each source was analysed to determine minor isotope 
composition. This technique permits intercomparison of 
351) /2351J ratios at the natural abundance level to better than 
+0.05% on l-g samples. 


Table 2 Uranium and plutonium content of selected volcanic materials 








Uranium Atomic ratio 
concentration X 

(wg per g) 10 3 /38u Pu/U 
13 7.253 + 0.003 (2.7+0.4) x107° 
3.4 7.252 + 0.003 (9.5440) x107 
0.51 7.256 + 0.003 (6.33.0) x107"! 
0.5 7.257 £0.002 O.3+13)x 107" 
0.55 7.267 + 0.003 (1.2+0.6) x 107!" 
0.55 7.256 + 0.003 (L5+0.6)x 10° 
0.52 7.260 + 0.003 (6.2+6.2) x108 
0.82 7.267 + 0.003 (1.6+0:4}x 10? 








Our results obtained on samples of volcanic ash and lava 


from Mts St Helens, Vesuvius, Kilauea and Katmai are summar- 


ized in Table 2. All of the material, with the exception of ash 
from Mt St Helens, was collected before 1942 and was kept in 
closed containers. The plutonium content in these old samples 
was consistently found to be quite low. Contrary to the findings 
of Meier et al.', who report Pu/U ratios of ~107 in samples 
from Kilauea, we find the ratio to be ~10~°° or less, that is, 
only one order of magnitude more than the value observed! for 
uranium minerals. The reason for this discrepancy may lie in 
the natural inhomogeneity of the volcanic rocks or in lower 


c- levels of radioactive fallout contamination in the Field Museum 


material. We note that the use of a-spectroscopy for the measure- 

ment of Pu content does not differentiate between 7°Pu and 
-740 Pu, The isotopic ratios of the Pu could be determined by mass 
` spectrometry if larger samples were available. 

An unusual feature is evident in the isotopic composition of 
the uranium in our samples. Whereas most of the analyses yield 
351/351) ratios close to the normally observed value of 7.254 x 
107°, there are three instances of a statistically significant 
enhancement of the “°U/™*U ratio in samples from Katmai 
(sample G2350) and from Kilauea (samples G2565 and G2581) 
for which multiple independent analyses were performed to 
minimize the error through contamination. The increase of the 

`: ratio by 0.18% to 0.007267 is well outside the error limit of the 
mass spectrometric uranium determination. 

A previously reported survey of results obtained from a large 
number of uranium ores and minerals indicates a mean ratio of 


asypay of 0.007253, with a variation of +0:000003°. The excess 
found in our experiments for the two most enriched samples is 


















about five times this variation (Fig. 1). : 

Of the samples showing an increased *°U/**U, only. th 
from Katmai has an observable amount of Pu. The ‘samp 
the ash taken from the 1980 eruption of Mt St Helens h: 
observable amount of Pu, but no enrichment of 7°U. Itis ab 
that there is no simple relation between the observed conce 
tions of Pu and **U. This may be caused by fractionatio: 
Pu and U during the process, or it may have been that the ti 
interval for decay of the Pu has been too short in the case 
Mt St Helens and too long in the case of Kilauea. 

Although our data should not be taken as being conclusi 
we have not been able to confirm the high plutonium concen 
tions in volcanic materials reported in the literature. A cleare 
picture may be formed only on the basis of a more comprehen 
sive sampling of other volcanic rocks. 

This work was performed under the auspices of the Divisio: 
of Geosciences and of Environmental Research of the U 
Department of Energy. 
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Biological methylation of metallic elements’ and the occurrence 
and cycling of organometals in the environment have been investi- 
gated in Japan during the 1950s and 1960s, where the ingestion 
of fish and shellfish contaminated with methylmercury compounds 
caused mercury poisoning’*. Biomethylation ability has been 
demonstrated in bacteria, fungi and algae for As, Cd, Hg, Pb, Se, 
Sn, Te and TI*”’. Naturally-occurring methylated species have 
been reported in estuaries and seawater for Sb®, As’, Ge'® and 
Sn, although recent evidence suggests that some reports of 
methyltin species result from interferences by Ge and volatile 
eet compounds'®. With the exception of Sb®, As”'>'* and 
, there are no consistent estuarine or oceanic profiles for 
eia compounds in the literature from which to judge their 
biogeochemical behaviour. Early investigations’ ™—"” reported that 
methylgermanium species do not exist in the aquatic environment. 
Subsequently, we identified monomethyigermanium (MMGe) and 
dimethylgermanium (DMGe) in estuaries’®'?, the Baltic Sea”! 
and the Bering and Sargasso seas’*. We report here recent 
measurements of methylgermanium compounds in river water, 
estuaries, seawater and anoxic basins. 

Sampling locations are listed in Table 1. Methylgermanium 
was determined by hydride generation and graphite furnace 
atomic absorption spectrophatometry using 200-ml samples”. 
Analytical precision is approximately + 1% in the 300 pM range. 
Detection limits are 7 pM for MMGe, 10 pM for DMGe and 
4 pM for TMGe (trimethylgermanium). We have not detected 
TMGe in natural waters. 

Methylgermanium species were found to be conservative in 
a wide variety of estuaries, including pristine (Suwannee R. 

< estuary), anthropogenically contaminated (Changjiang R. 
estuary; Delaware Bay; Tamar R. estuary), low productivity 
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Fig. 1 Monomethylgermanium (MMGe) and  dimethylger- 


manium (DMGe) concentrations versus salinity in estuaries, 

oceans and Skan Bay. The 35% seawater endmembers based on 

the estuarine data are 330415 pM for MMGe and 120+20 pM for 
DMGe, consistent with our oceanic data. cane 


(Suwannee; Changjiang at S<20%) and high productivity 
(Delaware; Changjiang at S > 20%). Delaware Bay is contami 
ae by industrial and municipal wastes, agricultural fertilizer: 

d pesticides”. . The Tamar R. estuary contains high levels of | 
Aste! and Mn”, which are leached from abandoned mining 
operations in the Tamar R. drainage basin. Elevated levels of- 
inorganic Ge (Ge,) in the Tamar R. and estuary are probably: 
derived from coal combustion”. Similar high concentrations of 
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OFig 3 Vertical profiles of monomethylgermanium (MMGe) and 
nethylgermanium (DMGe) in Skan Bay. Open symbols, samples 
stored in polyethylene; solid symbols, those in sealed glass. 


, in the Tejo estuary’ and in the Baltic Sea!' are the result 
of pyrite-ore roasting and coal combustion, respectively. The 
Changjiang R. estuary has a high sediment load which sup- 
presses primary productivity at salinities of <20%, making it 
ideal site for the study of non-biological processes”. The 

Suwannee R., originating in the Okefenokee Swamp and flowing 
_ through a sparsely populated area of Florida, is essentially 
-unaffected by human activity. 


axial sections of these estuaries (Fig. 1) are linear in all cases, 
suggesting that. these species behave conservatively in the 
uarine environment (that is, there is no production or destruc- 
2628). The 35% seawater endmembers based on the estuarine 
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Fig. 2. Vertical profiles of monomethylgermanium (MMGe) and dimethylgermanium (DMGe) at four ocean stations. 


Table 1 Locations of sampling sites 


Hydrographic ocean stations 


Geosecs 219. 5306 N 177°177 W Bering Sea (N. Pacific) 
Geosecs 227 25°00'N 170°05'E NW Pacific 
Geosecs 293 52°40'S 17805 W Antarctic (S. Pacific) 
CH-1084-3 30°04’ N = 71°09’ W Sargasso Sea (N. Atlantic) 
Estuaries 
Changjiang estuary (Yangtze) Republic of China 
Delaware Bay Delaware 
Suwannee R. estuary Florida 
Tamar R. estuary SW England 
Other 
Skan Bay (anoxic basin) Unalaska Is., Alaska 
Rainwater 


September 1983-July 1984 
(35 samples) 
5 August 1983 (1 sample) 
(S31 N 17717 W 
24 July 1983 (1 sample) 
7-16 November 1983 
(6 samples) 


Tallahassee, Florida 
Bering Sea (N. Pacific) 


New Zealand 
Caribbean Sea 





Seawater samples were acidified to pH2 with hydrochloric acid 
(CH-1084-3 was unacidified). Estuarine samples were filtered immedi- 
ately (0.4 um) and stored unacidified (Tamar was acidified). Seawater 
samples were analysed over an interval of two months (CH-1084-3) to 
more than il yr (Geosecs) following sample collection. Estuarine 
samples were analysed with intervals from two weeks (Suwannee) to 
24 yr (Changjiang) from collection. One profile in the Bering Sea (Alpha 
Helix-048-4/7), collected at the same location as Geosecs 219, was 
stored in glass bottles and yielded the same methylgermanium concentra- 
tions as those determined from Geosecs 219 samples (B. L. Lewis, . 
unpublished data). There do not appear to be any significant artefacts 
due to sampling or storage procedures. Rain water samples were collec- 
ted with a polyethylene sampler, acidified and stored cold in polyethyl- 
ene bottles. Analyses were conducted within one month of sample 
collection. 


data are 330+15 pM-MMGe and 120+20pM-DMGe. Con- 
servative behaviour for methylgermanium in Delaware Bay and 
the Tamar indicates that there are no anthropogenic sources of 
MMGe and DMGe and in the Changjiang it suggests that the 
methylgermanium compounds are: unaffected by adsorption, 
desorption and flocculation processes. There is no evidence of 
biological reactivity for methylgermanium in estuaries of high 
productivity. Thus, we conclude that the organogermanium 
species are efficiently rejected during diatom silica uptake and 
are not produced during biogenic opal formation and regener- 
ation’, in contrast to the behaviour of Ge,, which is taken up 
by, and regenerated from, the opaline tests of diatoms as if it- 
were a super-heavy stable isotope of silicon'"**. In Delaware _ 


















Initial content (ng-Ge) 





Sample Ge; MMGe DMGe TMGe 
-Deionized water 0 1.75 0 0 
plus: standards 0 0 2.19 0 

7 0 0 0 1.45 
Artificial seawater 0 1.75 0 0 
-plus standards 0 0 2.19 0 

hae 0 0 0 1.45 
-o Geosecs-219 114 2,62 0.82 0 
(Bering Sea 3,479 m) 
Sargasso surface 0 2.45 0.65 0 
seawater 


Surface Sargasso seawater 
plus standards 


~ converted toalf other species. 


Bay and the Changjiang, Ge; is removed almost completely 
because of the activity of siliceous organisms (B.L., unpublished 
` data). Alkali digestions of plankton and opal samples have not 
revealed the presence of methylgermanium, suggesting that 
diatoms do not sequester large quantities of organogermanium 
compounds intracellularly or in their frustules. 

Oceanic vertical profiles of MMGe and DMGe (Fig. 2) are 
consistent with these estuarine data. Concentrations of the 
methylgermanium species in seawater are 326+14pM for 

-MMGe and 97 +9 for DMGe, close to the seawater endmember 
concentrations in Fig. 1. The methylgermanium species are 
» conservative throughout the water column, displaying no sur- 
_ face-to-deep water variation in concentration which cannot be 
explained by variations in salinity. There is no evidence of 
biological reactivity of methylgermanium. in seawater and no 
apparent interocean differences. By contrast, concentrations of 
Ge; at these same stations range from almost zero at the surface 
up to 180 pM in the bottom waters, mimicking vertical silica 
profiles. Thus, Ge, and silica have virtually identical behaviour 
(Ge,/Si~0.7 x 107°), reflecting uptake into, and dissolution 
from, the frustules of siliceous organisms”*. Methylgermanium 
; profiles at these stations are essentially uniform, indicating that 
_ they are not involved in the Si biogeochemical cycle. Methylger- 
manium species in Skan Bay (Fig, 3) and the Baltic Sea!' exhibit 
conservative behaviour, suggesting that they are neither pro- 
duced nor consumed during anoxic diagenesis. 

Inia total of 35 rain-water samples collected at Tallahassee, 

; Florida, from September 1983 to July 1984, DMGe was detected 

‘in five samples (DMGe< 15 pM) and MMGe in two samples 
(MMGe <7 pM). Hambrick et al.” reported DMGe and TMGe 
in stored rainwater samples ranging in concentration from 14 
to 69 pM for DMGe and 3 to 14 pM for TMGe. We now consider 
the values reported for all of these samples to be artefacts 
resulting from contamination in the laboratory or from bio- 
methylation of naturally-occurring Ge; in rainwater by fungi 
growing in the sample storage bottles. Samples of marine rain 
collected carefully in New Zealand, the Bering Sea and the 
Caribbean Sea contained no detectable methylgermanium. 

Methylgermanium species in seawater are stable to oxidation 
by persulphate’? and ultraviolet radiation (Table 2). In an initial 
ultraviolet radiation experiment, methylgermanium species in 
deionized water, artificial seawater and natural seawater were 
oxidized to Ge; with recoveries of ~100%, 30% and <2%, 

respectively. TMGe and DMGe in artificial seawater are broken 

down preferentially to MMGe, suggesting that the conversion 
- of MMGe to Ge; is a rate-limiting step. This may account for 
-> the high concentration of MMGe in seawater. 

_ Analysis of a large volume sample (1,200 ml) of Ochlockone 

R. (Florida) water, by multiple borohydride reduction of 400 mi 










Table 2 Recoveries of inorganic Ge after ultraviolet-irradiation/ oxidation of methylgermanium 


Samples irradiated for Sh using a 1,250 Ww medium-pressure Hg lamp”? . Zeros, concentrations below detection limits. Ge,, inorganic germaniur 
MMGe, monomethylgermanium; DMGe, dimethylgermanium: TMGe,  Trimethylgermanium. Values in parentheses are % of initial mien yRaCTR i 



































Final content (ng-Ge) Recoveries (as %Ge,): 








Ge, _MMGe DMGe TMGe MMGe DMGe TMGe — 
1.74 0 0 0 99 “= =- 
2.06 0 0 0 wr 

1.48 0 0 0 oe 

0.69 1.08 0 0 39 

0.58 1.28 0.19 0 

0.29 L00 049 0 oan 

LH 2.64 0.87 0 ~O- 

0 2.34 0.55 0 ~0 



























volumes, allowed us to determine an upper limit for the con- 
centrations of methylgermanium species in river water. Th 
observed concentrations were 3+2pM (MMGe) and 7+ 
(DMGe), consistent with river endmember concentrations es! 
mated from the estuarine profiles in Fig. | (MMGe ~4 pM: 
DMGe ~9 pM). 

The sources and sinks of methylgermanium are as yet 
unknown. If terrestrial production, possibly biomethylation, of 
methylgermanium is its primary source of supply via rivers to 
the oceans, then its residence time in the ocean is several million 
years. This is consistent with our observations that methy 
germanium is very stable in seawater and behaves conservativ 
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The early hominids of East Africa were dated by determining the 
ages of tuff beds at the sites. Despite much research using 
= palacomagnetic and K/Ar-dating techniques, some of those ages 
are still controversial’. To obtain independent age estimates for 
‘these tephra layers, we have examined cores from DSDP Sites 
231 and 232 in the Gulf of Aden (Fig. 1a) which consist mainly 
of calcareous nannofossil ooze, but also contain rare tephra 
horizons’ dated by interpolation from the established nannofossil 
_ Stratigraphy (Fig. 1b). Chemical analysis confirms that the identity 
and sequence of these horizons is the same as that at the East 
‘African sites. We conclude that the age of the Tulu Bor Tuff is 
3.4 Myr and hence that the Hadar hominid specimens are also 
“ol ~ 3.4 Myr old. 

The initial late Cenozoic calcareous nannofossil biostratigra- 
_ phy of sites 231 and 232 (ref. 4) was based largely on the zonation 
-of Bukry® and recently has been more precisely dated®’. We 
< recognized the following last-appearance datums (LADs) of 
calcareous nannofossil zones and assigned the following ages 
Hole 231: Calcidiscus tropicus (Kamptner)’, usually referred 
«to as C. mcintyeri Bukry and Bramlette, 1.42 Myr; Discoaster 
‘ouweri Tan, 1.88 Myr; D. pentaradiatus Tan, 2.35 Myr; D. 
malis Kamptner, 2.65 Myr; and Reticulofenestra pseudoum- 
bilica Gartner, 3.56 Myr. D. tamalis, although quite rare, has a 
well-defined range and was used also by Backman and Shackle- 
onf, but not by Gartner et al”. D. asymmetricus Gartner was 
not used because it has a discontinuous range and different 
juthorities disagree on the last occurrence of this species®’. The 
LAD of R. pseudoumbilica is well constrained because only 
: specimens of Reticulofenestra with large diameters of more than 
‘pm were included in this species; smaller specimens of 
_ Reticulofenestra (R. haqii Backman, R. minuta Roth, R. minutula 
‘Gartner and the related Crenalithus productellus Bukry) all occur 
above the LAD of R. pseudoumbilica. The first- -appearance datum 
_ (FAD) of Ceratolithus acutus Gartner and Bukry is 5.23 Myr. 
Six tephra layers were sampled in cores of Hole 231 and two 
in cores of Hole 232. Glass shards, separated from samples of 
_these tephra layers, were analysed by an electron microprobe 
using methods described previously” and compared with 
samples (analysed concurrently) of tephra layers from the Koobi 
_ Fora region of the Turkana Basin in northern Kenya using the 
imilarity coefficient (SCY for five elements (Table 1). MgO 
d MnO were not used in the numerical comparison because 
hey occur in low and variable concentrations in the glass relative 
precisions attainable with the electron microprobe. Na,O and 
O were not used because, in the Turkana Basin, their con- 
ntrations show systematic variations depending on the geo- 
graphic locations of the tephra layers (T. E. Cerling, F.H.B. and 
J. R. Bowman, in preparation) even though such layers can be 
_ correlated stratigraphically using independent evidence (F.H.B., 
“unpublished data). We attribute these variations to differences 
in degree of post-depositional alteration. We did not analyse 
; for minor and trace elements because insufficient material was 
_ available. 


Fig. 1b), is ~30 cm thick with pyroclasts (maximum dimension 
-(tn.d.) = 300 pm) consisting mainly of clear colourless angular 
platy bubble-wall shards and also some subordinate bubble- 
wall-junction and tubular pumice shards. This matches the com- 
position of the Moiti Tuff of the Turkana Basin’? (SC = 0.96, 
where 1.00 represents ‘identity’) for which a maximum age of 


The lowest vitric tephra layer in Hole 231 (sample 22-1; 189 m;, 





4.10+0.07 Myr has been dete: ed’, which supports our esti- 
mate of 3.9 Myr, based on calcareous nanfiofossil zones in Hole 
231 and interpolation between these zones assuming a constant 
sedimentation rate (Fig. 2). 

The tephra layer at 180 m in Hole 231 (sample 21-2), ~7 cm 
thick and exhibiting similar pyroclasts (m.d. = 295 um) to those 
of sample 22-1, correlates with tephra layer K81-485 (F.H.B., 
unpublished data) (SC = 0.96) which lies between the Lokochot 
and Moiti Tuffs in the Turkana area. For this layer, an age of 
3.7 Myr can be assigned on the basis of biostratigraphic zonation 
in Hole 231 (Fig. 2). 

At 170m in Hole 231 (sample 20-2), a tephra layer ~10 cm 
thick, and composed mainly of clear bubble-wall shards (m.d. = 
400 um) with subordinate bubble-wall-junction and tubular 
pumice shards having long (90-~m) large cylindrical vesicles, 
matches well the high-iron glass shards of the Lokochot Tuff of 
the Koobi Fora Formation (80-295; SC = 0.97). (Glass shards 
of the Lokochot Tuff (Tuff A of the Shungura Formation’®) 
have a bimodal composition with respect to iron (F.H.B., unpub- 
lished data), the iron-rich variety having 4.5%, and the iron- 
deficient variety ~3.2%, Fe,O,.) It also correlates well with the 
tephra layer at 165.3 m in Hole 232A (sample 1-5, SC = 0.97; 
Fig. la, Table 1) which has smaller shards (m.d. = 240 pm) of 
the same type; 1.3 m above at 164-m depth (sample 1-4) in Hole 
232A, the tephra layer also correlates very well with the average 
composition of the Lokochot Tuff (80-295; SC = 0.98). Assum- 
ing a constant sedimentation rate at site 232, we can estimate 
an age difference of ~50 kyr between the tephra layers at 165.3 
and 164m in this hole and, on the basis of biostratigraphic 
zonation, we can assign an age of ~3.5-3.6 Myr to sample 20-2 
in Hole 231 and samples 1-4 and 1-5 in Hole 232 (Fig. 2). 

The tephra layer at 161 m in Hole 231 (sample 19-2) contains 
abundant clear colourless angular platy bubble-wall shards 
(m.d. = 380 um) and subordinate bubble-wall-junction shards 
with straight ‘ribs’, and some tubular pumice shards having 
elongated rod-shaped vesicles. The glass shards of this tephra 
layer are identical in composition to the B-Tulu Bor Tuff of the 
Koobi Fora Formation (SC = 0.98; Table 1), Tuff B-8 of the 
Shungura Formation and the Sidi Hakoma Tuff of the Hadar 
Formation (see also ref. 1). This layer is situated in the D. 
tamalis zone and is assigned an age of 3.2 Myr by interpolation 
between the calcareous nannofossil-datum planes (Fig. 2). 

The tephra layer at 119 m in Hole 231 (sample 14-5) is | cm 
thick, and contains shards (m.d.= 215 um) similar to those of 
the lower layers. The age of this layer is ~2.2 Myr based on 
biostratigraphy of the core, but, for this ash, there is no clear 
correlation with any from East Africa. 

Finally, a 2-mm-thick tephra layer at 80-m depth in Hole 231 
(sample 10-5) is estimated to be ~1.5 Myr, somewhat similar in 
age and composition to the Chari Tuff of the Koobi Fora 
Formation (ref. 11 and F.H.B., unpublished data), but older 
and higher in iron content (Table 1). 

Volcanic glass of the four lower tephra layers in DSDP Hole 
231 are chemically identical, within the limits of the electron- 
microprobe technique for the five elements used in our com- 
parison, to their four counterparts in the northern Turkana basin 
of East Africa: the Moiti, K81-485, Lokochot and the 8-Tulu 
Bor Tuffs. Furthermore, the sequence of chemical types of the 
tephra layers is the same within stratigraphic sections at both 
localities. Lastly, independent numerical age control in each of 
the two correlated sequences indicates that they are coeval. 
Thus, the Moiti Tuff, the lowermost tephra layer in the Turkana 
basin, has a maximum age of 4.1 Myr'', and our estimate of the 
age of its correlative in sediments of the Gulf of Aden, also the 
lowermost silicic tephra layer in the core, is 3.9 Myr, based on 
calcareous nannofossil chronology. The Tulu Bor Tuff has not 
been dated directly in the Turkana basin, but underlies the 
Toroto Tuff (dated at 3.3 Myr'') with little stratigraphic separ- 
ation; its age must therefore be very close to 3.3 Myr. As our 
estimate for the correlative of this tuff in the Gulf of Aden is 


3.2 Myr, based on the calcareous nannofossil chronology, we < 


consider the correlations to be well substantiated. 
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; Table 1 Electron-probe analysis of volcanic glass shards separated from tephra layers of deep-sea cores in the Gulf of Aden (DSDP holes 231 and 232) : 
: Turkana Basin, Kenya 








“Sample number, standard deviation, 


“and number of shards analysed SiO, ALO, Fe,0; MgO MnO 


Tephra layer at 80m in DSDP hole 231 


Cao TiO, Na,O 


(1) 10-5 (69-71 cm) 
oo +o (20 mains 


).77-23 
“oto (20.shards) 


(3) 14-5 (109-111 cm) 
to (15 shards) 


74.57 
0.55 


76.92 
0.89 


74.13 , 
2.45 


12.03 
0.18 


Chari Tuff, Turkana Basin 


10.94 
0.25 


10.44 
1.64 


3.35 
0.10 


2.76 
0.08 


4.97 
0.90 


0.00 


0.00 


0.12 
0.06 


0.09 
0.01 


0,09 
0.02 


Tephra layer at 90 m in DSDP hole 231 


0.23 
0.04 


0.25 
0.01 


0.18 
0.01 


0.21 
0,10 


0.16 
0.02 


0,19 
0.04 


0.37 
0.09 


Tephra layer at 160 m in DSDP 231 (4) and -Tulu Bor Tuff, Turkana Basin (5) 


(4) 19-2 (33-34 cm) 
+o (30 shards) 
(5) K82-869 
+o (16 shards) 


Tephra layer at 164m in DSDP 232A (6), and Lokochot Tuff (bulk), Turkana Basin (7, 8) 


i (6) Aka (42 Som). 


to «as shards) 


“Tephra layer at 170m in DSDP 231 (9), tephra layer at 165.5 m in DSDP 232A (10, 11), and Lokochot Tuff (high iron), Turkana Basin (12) 
-19 


(9) 20-2 (25-28 cm) 
stor (15 shards) 
(10) ALS (25-27 cm) 
: +o (15 shards) 
~ GHI) ALS (28-29 cm) 
Re sto (15 shards) 
(12) 80-295 
+ø (5 shards) 


16.43 
0.60 


76.97 
1.56 


75,73 
0.66 
77.41 
0.90 
77.32 
0.92 


75.65 
0.66 
15.39 
0.79 
75.59 
0.56 
77.50 
0.58 


12.50 
0.23 


12.77 
0.33 


10.61 
0.57 
10,73 
0.46 
10.81 
0.59 


10.62 
0.35 
10.53 
0.45 
10.57 
0.42 
10.52 
0.20 


1.57 
0.06 


1.60 
Qil 


3.97 
0.18 
3.76 
0.72 
3.78 
0.67 


4.06 
0.35 
4.14 
0.37 
4,03 
0.55 
4.47 
0.02 


0.05 
0.01 


0.05 
0.01 


0.01 
<0.01 
0.02 
<0.01 
0.03 
0.01 


0.00 
0.01 
<O.01 
0.01 
<0.61 
0.02 
<0.01 


0.05 
9.01 


0.05 
0.01 


0.16 
0.02 
0.12 
0.02 
0.13 
0.02 


0.16 
0.02 
0.16 
9.02 
0.16 
0.01 
0.15 
0.02 


0,31 
0.06 


0.30 
0.02 


0.19 
0.02 
0.19 
0.02 
0.20 
0.01 


0,02 
0.19 
0.02 
0.19 
0.03 
0.19 
0.01 


0.14 
0.01 


0.14 
0.03 


0.20 
0.05 
0.20 
0.04 
0.19 
0:04 


6.23 
9.03 
0.24 
0.04 
0.23 
0.04 
0.22 
0.04 


Tephra layer at 180 m in DSDP 231 (13), and Tuff K81-485, Turkana Basin (14) 


(13) 21-2 (15-17 cm) 
+ø (15 shards) 
(14) K81-485 
sto (17 shards) 


76.87 

0.68 
77.83 
0.64 


11.44 
0.24 
11.41 
0.25 


2.42 
0.06 
2.50 
0.07 


0.01 
<0.01 
0.03 
0.01 


0.07 
0.01 
0.07 
0.01 


0.18 
0.01 
0.20 
0.01 


Tephra layer at 189 m in DSDP 231 (15), and Moiti Tuff, Turkana Basin (16) 


(15) 22-1 (82-85 cm) 
+ø (15 shards) 
(16) 81-602 
to (16 shards) 


oxides to original analysed values. 


76.68 
0.54 
76.97 
0.77 


11.28 
0.25 
11.22 
0.36 


2.73 
0.07 
2.80 
0.06 


0.00 
<- 0.01 
=<0.01 


0.08 
0.01 
0.10 
0.01 


0.21 
0.01 
0.22 
0.01 


0.13 
0.02 
0.12 


~ 6.02 


0.19 
0.03 
0.17 
0.03 


5.18 
0.15 


4.90 
0.28 


4.89 
0.50 


3.81 
0.17 


4.46 
0.19 


4.56 
0.26 
3.66 
0.50 
3.48 
0.75 


bs 
4.69 
0.30 
4.55 
0.26 
3.22 
0.97 


4.09 
0.16 
3.64 
0.30 


4.24 
0.17 
4i1 
0.36 


4.71 
0.24 
4.66 
0.22 
4.69 
0.24 
3.70 
0,66 


4.19 


9.17 
4.20. 
0,25 


4.58 
0.16 
4.40 
0.26 


Concentrations in oxide-wt%, recalculated to 100% on a fluid-free basis. Original totals (T,) are given to indicate degree of hydration of glass, and for recalcul: 
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@ Age control from calcareous 
nannofossil biostratigraphy 
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East Africa 
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Fig. 2. Depth in Hole 231 plotted against ages estimated from 
; calcareous nannofossil biostratigraphy. 


ne of the more important results gained from this study is 
dependent confirmation of the age of the 8-Tulu Bor Tuff of 
‘Turkana Basin, which has been recently correlated with the 
i Hakoma Tuff (SHT) of the Hadar region of Ethiopia’. This 
‘significant implications for the ages of hominid specimens 
he Hadar Formation. Objections have been raised both to 
rrelation of these tuffs and to the chronology suggested 
r the Hadar Formation”. But an objection to the former, 
mely, that the Tulu Bor Tuff had not been found between the 
rf region and the Turkana Basin, has been weakened greatly 
| identification of this ash in the Gulf of Aden. If the Tulu 
ff occurs both in the Gulf of Aden and in the Turkana 
, it should also occur in the Hadar region lying between 
se two areas (Fig. la). A principal objection to the chronology 
osed for the Hadar region was that that of the Turkana 
asin was also somewhat tentative. Although this has been 
sctified by very careful work’, it was still not certain, until the 
resent study, that the Tulu Bor Tuff was <3.4 Myr in age. There 
ere two possible chronological slots to which the Tulu Bor 
ull could have been assigned, given that it is older than 3.3 Myr! 
| of normal polarity: 3.3-3.4 Myr and 3.8-3.9 Myr, the bottom 
è Gauss Normal Chron and the Cochiti Normal Subchron 
of the Gilbert Reversed Chron) respectively. Because the Tulu 
‘Tuff falls within the D. tamalis zone (2.65-3.56 Myr) i in core 
f Hole 231, a clear choice can now be made in favour of 
ounger age. 
Ve conclude that hominid specimens from Hadar are younger 
han ~3.3 Myr; with only a few exceptions, hominid specimens 
ne. Turkana Basin are also younger than ~3.3 Myr. Our 
also provide age estimates of certain undated tephra layers 
‘East Africa: for the Lokochot Tuff, ~3.5-3.6 Myr, and 
Tuff K81-485, ~3.7 Myr. Our findings suggest that in this 
egion provincial vertebrate biostratigraphic zones can be corre- 
| with those for global marine invertebrates, that marine 
ratigraphic zones are linked to datable tephra on land, and 
hat terrestrial fossil vertebrates can be placed in a climatic 
yntext by documenting secular oxygen-isotopic variations in 
‘ea cores that are bracketed by widespread tephra layers. 
We thank the Deep Sea Drilling Program and- the NSF for 
samples and the personnel of the Deep Sea Drilling Pro- 
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Objects in peripheral vision are not simply blurred but lack quality 
of form’. Assuming that the visual system performs a (patchwise) 
Fourier analysis of the retinal image (for review see ref. 2), it has 
been suggested that this disadvantage of peripheral vision may be 
due to the inability to encode properly spatial phase. relation- 
ships’. This is of great interest for neurological research as 
certain visual pathologies imply alterations of perceived form®’. 

Previous attempts at measuring phase sensitivities failed to distin- 
guish between the detection of phase-related changes in contrast 
and phase coding in the visual system®. We separated these proces- 
sing strategies by applying the iso-second-order texture paradigm 
of Julesz‘ to the discrimination of compound gratings. Our results, 
reported here, show that the energy detection properties of both 
foveal and peripheral vision are comparable, however, indepen- 
dently of scale, peripheral vision ignores the relative position of 
image components. 

Phase coding, by definition, determines the relative positions 
of spatial frequency components of an image. This is not to be 
confused with encoding the position of points within an image, 
although the two descriptions are interrelated. The importance 
of phase in signals is obvious from the intelligibility of phase- 
only reconstructions for images, speech and crystallographic 
structures’. It is also clear that a disturbance of phase alters the 
appearance of an image in suprathreshold vision. Nevertheless, 
there is still confusion as to the exact role of phase in visual 
processing, mainly owing to the fact that phase modulation 
changes both the spectral composition of an image and its 
luminance profile. Thus, one can reliably study phase 
sensitivities only by having observers discriminate patterns that 
do not allow a simple contrast comparison; such patterns were 
used by Julesz® in his iso-second-order texture paradigm. This 
paradigm was used in the present study to investigate the respec- 
tive roles of grating contrast detection and phase processing. 

Changes in phase between sinusoidal grating components 
normally, but not always, change the spatial densities of com- 
pound patterns with identical power spectra. Consider a pair 
of compound gratings consisting of a fundamental and its third 
harmonic. If the phase of the gratings is varied around a mean 
of 0° (see also ref. 10), these gratings will be mirror images of 
each other: for example, in the case of a 120° phase separation, 
one grating has —60° phase angle and the other +60° (Fig. la). 
For intermediate values of mean phase, grating pairs differ i in 


local contrast and, therefore, in their first-order statistics’; this 
is shown in Fig. 1b for a 120° phase separation and 90° mean = 











Fig. 1 Complex grating pairs with identical power spectra and 
the same phase separation (120°) between their first- and third- 
harmonic spatial frequency components. a, c, Mirror-image grating 
pairs; b, pair with different spatial contrast densities; d, corre- 
sponding luminance profiles. The stimulus pairs were generated 
by adding and subtracting a 60° phase angle to and from a given 
mean phase. In our experiments the patterns were presented 
sequentially at the same retinal location. This figure shows the 
gratings side-by-side to give an appreciation of the main finding: 
all patterns are readily distinguishable when looked at directly at 
a normal viewing distance. If either of the cross-targets is fixated, 
grating pairs a and c become indistinguishable, while pair b is 
still discriminated. 


phase. At 180° mean phase the pairs again comprise mirror 
images (a 120° separation is shown in Fig. Ic). Such patterns 
have identical second-order statistics as they are transformed 
into each other by a rotation of 180° around their centres'! 
Unlike grating pairs with intermediate phase, they only differ 
in the relative position of local regions having identical contrast. 

The gratings were generated on an oscilloscope screen (HP 
1304A, P4 phosphor) by a LSI 11/23 computer at a frame rate 
of 64 Hz. They were displayed through a circular window within 
a moderately illuminated screen (window diameter 3.2°, at a 
viewing distance of 228 cm). „Average luminance of the targets 
was kept constant at 10 cd m~? and the fundamental had a spatial 
frequency of 3 cycles per degree (cpd) at 228 cm distance; its 
contrast was 30%, while that of the third harmonic was fixed 
at 10%. The position of the gratings varied randomly between 
presentations. Subjects viewed the screen binocularly. 

The observers were familiarized with a given pair of stimuli 
by unlimited exposure. Discrimination sensitivities were 
measured by using a signal-detection rating procedure’. Trials 
consisted of presenting two patterns sequentially with a 47-ms 
exposure time and 700-ms inter-stimulus interval (ISI). The 
subjects were instructed to press one of six buttons, depending 
on whether they believed that the same (buttons 1-3) or different 
(buttons 4-6) patterns were being displayed. The area under the 
receiver-operating characteristic (ROC) was computed after 150 
trials. 

Figure 2 summarizes the results obtained with the experi- 
enced, emmetropic observer, I.R. (one of the authors). For 
central viewing conditions, no difference in discrimination 
sensitivities between grating pairs of 0° and 180° mean phase 
was found, while discrimination as such was clearly. more 
difficult than for grating pairs of 90° mean phase. Rather dra- 
matic differences were obtained in 2° off-axis viewing conditions, 
where discrimination sensitivities approached the chance level 
for both mirror-image and non-mirror-image pairs. By xe-scaling 
the stimulus size according to cortical magnification”, that is, 
by reducing the viewing distance by a factor of 1.62 (to 140 cm), 
extrafoveal discrimination sensitivities were almost fully re- 
stored at 90° reference phase but not for mirror-image grating 








Phase separation (deg) 










Fig. 2 Discrimination sensitivities for complex grating pai 
function of their phase separation. a, 0° and 180° mean phas 
90° mean phase. Open symbols, fundamental spatial frequency o 
targets 3 cpd at 228 cm viewing distance, central observation. So 
symbols, fixation 2° away from the left edge of targets, viewin, 
distance reduced to 140cm. Observer I.R, Each data point was 
derived from an experimental run totalling about 100 noise trial: 
(same images) and 50 signal trials (different images). The 
under ROC was determined by least-squares solution (progi 
RSCORE by L. O. Harvey Jr; for original version see ref. 2 
Average s.d. was 0.034 for 0° and 180° mean phase, and 0 O17 
90° mean phase. : 




































pairs. This result has been confirmed by data for two at 
observers (G.B. and R.H.; see Fig. 3) who were ignorant: as 
the purpose of the experiment. 

It is impossible to account for our data on the sole askurapi 
of a special class of ‘phase-sensitive devices’ centred at 0° 
180°'*, Such a model may explain the relatively poor discri 
tion of grating pairs symmetrically spaced about the p 
selective mechanisms'’, yet the non-discrimination of 
image gratings suggests that these mechanisms do not ol 
2° away from the fixation point. The discrimination obta’ 
in these conditions for grating pairs centred at 90° runs cou 
to such an assumption. Alternatively, it has been suggested th 
only one mechanism—the detection of differences in the contr: 
of local regions of the stimuli—need be proposed to explain: 


between gratings differing i in first-order statistics but it fails 
explain how symmetries in mirror-image grating pairs are broke 
in foveal vision. 
Thus, we are led to conclude that two different processe 3 aT 
involved in compound grating discrimination, neither of whic 
can be related to narrow-band spatial frequency channels (se 
ref. 2) as the latter would not detect differences between gratin 
with identical power spectra. Our results are also incompal 
with the notion that spatial phase is encoded per se. It is more 
likely that the two processes implicated so far take accout 
different aspects of image luminance profiles. Clearly, one pro- 
cess registers the positional relationships of image components 
this process will be available only for foveal vision and ma 
mediate the quality of form. A reasonable model of this proc 
seems to be some form of linear matched filtering'* on the basi: 
of even and odd symmetric receptive fields'*, and the subsequen 
combination of such detector outputs. The other proces: 
registers contrast variability, but ignores positional informatio 
a possible mechanism for this is energy detection as in hearing” 
that is, spatial filtering with only one symmetry class of recepti 
fields. This process probably operates in both peripheral 
foveal vision. Indeed, we also have evidence for separate contras 
analysis and processing of positional information from ëxpe 
ments with centrally presented line stimuli’®. 
Finally, it is interesting to note that Julesz* found iso-second 
order textures that are globally indistinguishable although thei 
elements can be distinguished by local scrutiny. In much the 
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Fig. 3 Discrimination sensitivities for complex gratings with a 
phase separation of 120°. Mean phase in a=0°, b=90° and c= 
180°, Open bars, central observation of 3 cpd targets at 228 cm 
‘viewing distance; solid bars, 2° off-axis observation of same targets 
t 140 cm viewing distance. Observers were G.B., R.H. and LR. 
‘from left to right, respectively, for each group of three bars. 
Experimental conditions and data from observer I.R. as in Fig. 2. 


ame way, peripheral vision cannot break symmetries in iso- 
écond-order grating pairs, the bars of which can be dis- 
ished easily by focal attention. Furthermore, like textures 
‘pre-attentive’ vision, gratings differing in first-order statistics 
tise to ‘discrimination for trivial reasons”. Julesz and co- 
vorkers even proposed that distinguishable iso-second-order 
extures are analysed by ‘figure-like’ processes, while their differ- 
nces are ignored by ‘ground-like’ vision. Thus, it seems that 
he texton theory of Julesz and co-workers? embraces the aspects 
f grating perception at issue here. However, there are clear 
ifferences i in the experimental paradigms used by Julesz and 
urselves. The texture pairs of Julesz* were shown side-by-side 
th delays not exceeding 300 ms (the duration of short-term 
isual memory), whereas our grating data were obtained with 
juential stimulation at the same retinal location and 700 ms 
SI. The difference in spatial stimulus properties is not easily 
solved, because two juxtaposed gratings would stimulate both 
oveal and extrafoveal regions; judging from an inspection of 
ig. |, however, this difference may not be crucial. Another 
culty is that our results imply a scale-invariant superiority 
‘foveal vision, whereas Bergen and Julesz'’ have shown how 
advantage of peripheral vision can be overcome by shifting 
ocal attention. Thus, the precise relationship between grating 
‘data/and texton theory remains to be established. 

We thank Professor Terry Caelli, Martin Huebner, Dr 
jampaolo Moraglia and Hans Strasburger for helpful dis- 
‘ussions. This study was supported by grant InSan I-0784-V- 
385 from Fraunhofer Gesellschaft. 
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Vertebrate rod photoreceptors hyperpolarize when illuminated, 
due to the closing of cation-selective channels in the plasma 
membrane. The mechanism controlling the opening and closing of 
these channels i is still unclear, however. Both 3’, 5’-cyclic GMP" 
and Ca** ions?’ have been proposed as intracellular messengers 
for coupling the light activation of the photopigment rhodopsin 
to channel activity and thus modulating light-sensitive conduct- 
ance. We have now studied the effects of possible conductance 
modulators on excised ‘inside-out’ patches from the plasma mem- 
brane of the rod outer segment (ROS), and have found that cyclic 
GMP acting from the inner side of the membrane markedly 
increases the cationic conductance of such patches (ECs, 30 pM 
cyclic GMP) in a reversible manner, while Ca** is ineffective. The 
cyclic GMP-induced conductance increase occurs in the absence 
of nucleoside triphosphates and, hence, is not mediated by protein 
phosphorylation, but seems rather to result from a direct action 
of cyclic GMP on the membrane. The effect of cyclic GMP is 
highly specific; cyclic AMP and 2’, 3’-cyclic GMP are completely 
ineffective when applied in millimolar concentrations. We were 
unable to recognize discrete current steps that might represent 
single-channel openings and closings modulated by cyclic GMP. 
Analysis of membrane current noise shows the elementary event 
to be 3fA with 110 mM Na* on both sides of the membrane at a 
membrane potential of —30 mV. If the initial event is assumed to 
be the closure of a single cyclic GMP-sensitive channel, this value 
corresponds to a single-channel conductance of 100 fS. It seems 
probable that the cyclic GMP-sensitive conductance is responsible 
for the generation of the rod photoresponse in vivo. 

Experiments were performed on the light-adapted retina of 
the frog Rana temporaria. Figure 1a shows the recording method. 
A retina treated with trypsin (10 mg ml~', 30 min, 20°C) was 
shaken gently in a small volume of saline and the solution 
containing detached ROSs and whole photoreceptor cells was 
then pipetted into a perfusion chamber. Under visual observa- 
tion, the recording electrode was advanced to make contact with 
the lateral surface of the outer segment of a whole rod, or more 
often, an isolated ROS. Brief suction was applied to the pipette 
to produce a seal of 1-20 GO (ref. 4) and a patch of membrane 
was excised from the cell by a sharp shift of the pipette. This 
exposed the intracellular surface of the membrane to the bathing 
solution in the chamber while the extracellular surface was 
bathed with the solution contained in the pipette. The results 
reported below were obtained from membrane fragments lacking 
the high-conductive anion channels described previously’. 

During these experiments, we obtained 136 patches 
sufficiently stable for the solution in the chamber to be changed 
several times. Of these, 70 responded to the application of cyclic 
GMP by an increase in conductance (see Fig. 1b), while the 
current fluctuated in a random manner without any recognizable 
steps which could represent single-channel activity (see below). 
The effect of cyclic GMP was completely reversible and could 
be observed several times in the same patch, with restoration 
to baseline when the cyclic GMP was washed out. The sensitivity 
of most patches to cyclic GMP remained constant for 10-15 min 
after the patch was isolated (during this time the solution in the 
chamber was changed five to eight times) before it began to 
decrease. 

To our surprise, the cyclic GMP-dependent increase in the ` 
conductance of the patch occurred in the absence of nucleoside 











Fig. 1 a, Recording method. The perfusion system had a ‘dead 
volume’ of ~2 ml and the flow rate was usually 3-5 mi min`’. If 
“not otherwise stated, a standard Ringer solution containing 
(in mM) 90 NaCl, 10 KCI, 2 MgCl, 0.1 CaCl,, 10 Na-phosphate 
: pH 7.5 was used. The microelectrodes were always filled with this 
saline. The yield of vesicles in this low-calcium solution was 
<20%*, so no precautions were taken against their formation. The 
pipette and bath contained Ag/AgCl pellet electrodes. Current 
flowing across the patch of membrane at the pipette tip was 
measured with a virtual ground circuit (A,, operational amplifier 
with a 10-GQ) feedback resistor). To improve time resolution, the 
recovery of high frequencies was used. The signal was low-pass- 
filtered (6-pole Bessel filter, cut-off frequences within 500- 
10,000 Hz). The transmembrane voltage was controlled by applying 
a command voltage through a buffer operational amplifier, A,. The 
voltage inside the measuring electrode was assumed to be zero in 
agreement with the electrophysiological convention that the 
extracellular space is at zero potential. b, Chart recording of the 
action of cyclic GMP (cGMP; Sigma) on an isolated patch of the 
ROS plasma membrane. The command voltage comprised 10-mV 
pulses (bottom trace). The upper trace represents the current flow- 
ing through the patch. Cyclic GMP was applied to the bathing 
solution. 


Fig. 2 Voltage-current relations of 
patches of the ROS plasma mem- 
brane. A saw-toothed voltage 
(5mVs™) was applied to patches 
and the x-input of an x-y recorder. 
The output signal of the current- 
-Voltage converter was applied to the 
y-input of the recorder. The relations 
“were recorded using one to three 
cycles of the saw-toothed voltage. 
The stability of the baseline was con- 
trolled after every application of cyc- 
lic GMP. a, Effect of Ca** and cyclic 
GMP on a patch of the ROS plasma 
membrane. Curve 1, 10nM_ or 

1 mM Ca"*, no cyclic GMP; curve 2, 
100 uM cyclic GMP, 10 nM Ca?*; 
curve 3, 100.4M:cyclic GMP, 1 mM 
Ca?*, The composition of the solu- 
tion was (in mM): 100 KCI, 10 Na- 
~ phosphate, 2 MgCl, 1 CaCl; in high- 
-calcium solution, 0.1 and 0.384 
‘= EGTA in the low-calcium. one (the 
~ dissociation constants for Ca~-EGTA 
complexes given in ref. 23 were 
used), pH 7.5. 6,, Voltage-current 
relation in a low-salt solution con- 


taining (mM): 45 NaCl, 5 KCl, 2 MgCl,, 0.1 CaCl,, 5 Na-phosphate, pH 7.5. Curve 1, no cyclic GMP; curve 2, 100 pM cyclic GMP. ¢, Family 
of voltage-current relations recorded at different cyclic GMP concentrations. Cyclic GMP was applied in standard Ringer. The relation at’ 
500 pM cyclic GMP (not shown) was identical to that at 300 uM cyclic GMP. p 


triphosphates; the addition of 1 mM ATP and 1 mM GTP was 
without effect. It is generally considered that the effects of cyclic 
nucleotides are mediated by protein phosphorylation by specific 
kinases®. Analysis by TLC of the cyclic GMP preparation used 
shows it to contain <1/10° nucleoside di- and triphosphates, 
that is, a concentration of <107'°M in 100 M cyclic GMP 
solution applied to the membrane, a level apparently too low 
for kinases to function. Phosphorylation supported by 
endogenous triphosphates in the membrane also seems unlikely 


in our experiments, because any triphosphates present during- 


the first application of cyclic GMP would be washed out during 
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the repeated exchange of solution. We conclude that cyclic GM) 
acts directly on the channels in the membrane. ee 

Because we could not detect current jumps corresponding 
single-channel activity, the conductive properties of the RO 
plasma membrane patches were determined from their integral 
voltage-current relations (Fig. 2). Ca** ions (107°-10°? M) had 
no effect on the conductance of the system in the absence 
of cyclic GMP. The cyclic GMP-dependent component of 
conductance decreased when the Ca’* concentration was 
lowered; at 10°°M Ca?* it was 20-30% lower than that at 
107? M Ca”. 
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To test the ion selectivity of cyclic GMP-dependent conduct- 
ance, we measured the reversal potentials for the cyclic GMP- 
pendent current when the intracellular surface of a patch was 
thed with media of various ionic compositions, thereby en- 
g us to compare the data obtained from different patches 
ing different cyclic GMP-induced conductance. Our analy- 
is reveals that cyclic GMP induces cationic conductance, 
cause, when the NaCl gradient was doubled, the reversal 
potential obtained was equivalent to that of Na* ions (16:5 + 
V, six determinations on different patches, Fig. 2b). Substi- 

on of NaCl in the Ringer solution bathing the intracellular 
de of the membrane by KCl, LiCl, RbCI or CsCl resulted in 





Fig. 3 a, Dependence: of cyclic 
GMP-induced component of patch 





5 conductance, expressed in the nor- 
x malized form ( Y), on cyclic GMP 
concéntration.. The cyclic GMP- 
2 induced conductance at 300M 
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1 Q the voltage-current relations are 
* nonlinear, the mean steady-current 
05 A conductance in the range ~20- 
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ange of the mean current on cyclic GMP application at ~30 mV was 10.5 pA. The amplitude of an elementary event 


respective reversal. potentials for. the cyclic GMP-dependent 
current of 2.740.7 mV, 2.242... mV, 5+1 and 642.2 mV (8, 8, 
4 and 4 determinations, respectively). These values indicate that 
the channels controlled by cyclic GMP are moderately selective 
for monovalent cations in the sequence Na” > Li*, K* > Rb‘, 
Cs*> cr. 

The family of voltage-current relations for a single patch, 
obtained at different cyclic GMP concentrations (Fig. 2c), shows 
that the most marked conductance changes occur in the range 
of 20-60 uM cyclic GMP and that at 300 uM there is complete < 
saturation of the cyclic GMP-dependent conductance. When 


studying the dependence of patch conductance on cyclic GMP. à: 
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concentration, we therefore expressed the cyclic GMP-induced 
conductance in normalized form, taking the conductance at 300 
W&M cyclic GMP as unity. 

The curve showing the dependence of conductance on cyclic 
GMP concentration was S-shaped (Fig. 3a), with a Hill 
coefficient of ~ 1.8 (Fig. 2b) and a 50% effect at 30 pM cyclic 
GMP. Neither Ca?" ions nor 3',5'-cyclic AMP, 2’,3’-cyclic GMP 
or 5‘ GMP (1 mM) had any effect on the cyclic GMP dependence 
of the conductance, confirming that cyclic GMP is a specific 
agent for inducing the membrane conductance increase. 

The magnitude of the events underlying the cyclic GMP- 
induced conductance was estimated approximately by dividing 
the change in the current produced by cyclic GMP by the change 
in mean current’. The amplitude of the estimated unit event for 
three patches was ~3 fA (+ 10%) in standard Ringer solution 
at a membrane voltage of —30 mV. If it is assumed that the 
initial event is the closure of a single cyclic GMP-sensitive 
channel, then a single channel has a conductance of 100 fS. At 
this value, the channel responsible for the cyclic GMP-induced 
conductance could be either a carrier or a pore. 

As the cyclic GMP-dependent current is not inactivated, at 
least within minutes, the power density spectrum of the steady- 
state current can be deduced. The spectra obtained at —30 mV 
in the absence and presence of cyclic GMP are shown in Fig. 
4a. The spectrum for the cyclic GMP-dependent current with 
the best least-square lorentzian function fit (Fig. 4b) indicated 
a cut-off frequency of ~300 Hz, corresponding to a time constant 
of ~0.5 ms. 

It is known that the extracellular and intracellular application 
of cyclic GMP depolarizes the rod in the dark'**, probably by 
increasing the light-sensitive component of the dark conduct- 
ance of the plasma membrane’. This suggests that the light- 
controlled conductivity units are activated by cyclic GMP. (We 
do not know whether the properties of the cyclic GMP-activated 
conductance we have studied in vitro are the same as those of 
the light-sensitive conductance recorded in vivo.) 

It has been shown recently that the photocurrent through the 
rod plasma membrane previously thought to be dependent on 
Na* ions'® can also be carried by Li*, K+, Rb*, Cs*, TI’, Ca?*, 
Ba’* and Sr’* ions''. The selectivity for monovalent cations 
found by us corresponds to that reported elsewhere''. The 
disappearance of photoresponses in the absence of Na* 
observed previously results from the rise in the intracellular 
Ca’* concentration due to inactivation of the Na*-Ca?* 
exchanger $, 

Estimates of the single-event light-sensitive conductance for 
the rod plasma membrane of the turtle, lizard and salamander 
are 600, 50 and 5 fS, respectively'*"*, the same order of magni- 
tude as the initial event of the cyclic GMP-dependent conduct- 
ance we describe. Information on the power density spectrum 
of the light-dependent current in rods is very limited and only 
two values for the time constant are available, 200 ms for the 
turtle rod'* and 0.8 ms for the salamander’®. The reason for this 
discrepancy between the two estimates is unclear. We consider 
it unlikely that the ensemble of channels with intrinsic time 
constants of the order of hundreds of milliseconds could produce 
responses to bright flashes which would develop within milli- 
seconds'’. Therefore, the lower value, which is consistent with 
our estimate of 0.5 ms, seems the more reliable. 

In view of the similarities between the properties of the 
light-dependent conductance of the ROS membrane and those 
of the cyclic GMP-dependent conductance of the rod membrane 
patches, it is quite feasible that the cyclic GMP-activated con- 
ductances we describe are responsible for the light-dependent 
conductance of the ROS membrane. If this is so, cyclic GMP, 
not Ca?*, is the messenger modulating the conductance of the 
plasma membrane. The effect of Ca”* on the rod photoresponse 
may be through its action on the cyclic GMP metabolism in the 
photoreceptor. A decrease in Ca** concentration is known to 
produce a marked increase in intracellular cyclic GMP con- 
centration in the rod?™™?', which could be explained by a direct 
effect of Ca** on ROS cyclic GMP phosphodiesterase”2. 
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The direct action of a cyclic nucleotide on the conductan 
of the plasma membrane has not previously been described. Thi 
advantage of such a mechanism is its fast response time, essentia 
in photoreceptors, where the response to intense illumination 
develops within milliseconds and single-channel open times are 
less than i ms. It will be exciting to see whether the same 
mechanism exists in other cells. Pe E 
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One of the molecular mechanisms capable of regulating the physi. 
logical properties of neurones is the phosphorylation of ion cha 
nels and other cellular components by cyclic AMP-depende: 
protein kinase’. Another protein kinase present in high concentra- 
tions in the mammalian brain is protein kinase C (a calcium/phos- 
phatidylserine/diacylglycerol-dependent protein kinase) 5, bt 
there is no direct evidence, as yet, for the involvement of th 
enzyme in the control of neuronal excitability. We now. present 
evidence that activation of endogenous protein kinase C by the 
tumour-promoting phorbol ester TPA (12-O-tetradecanoyl- phor- 
bol-13-acetate), or intracellular injection of the purified enzyme, 
enhances the voltage-sensitive calcium current in bag cell neurones 
of the mollusc Aplysia. 

Previous experiments have demonstrated that protein kinase 
C is present in broken cell preparations of the bag cell neurone: 
and that 10-100 nM TPA, but not non-tumour-promoting phor- 
bols such as 4-a-phorbol®’, could activate the enzyme. In the 
present study, exposure of bag cell neurones to doses of TPA 
between 10 and 100nM consistently enhanced the height of 
evoked action potentials (Fig. 1, Table 1); this effect took several. 
minutes to develop and its magnitude was independent of the 





* Present address: Max-Planck-Institut für biophysikalische Chemie, Postfach 968, 1D-3400,. 


Gottingen, FRG. 
+ To whom reprint requests should be addressed. 








b CONTROL PROTEIN KINASE C . 





dtl ~ "eee 


Fig. 1 TPA (a) and protein kinase C (b) each enhance the height 

‘of bag cell neurone action potentials. Bag cells were dissociated. 
and maintained i in primary cell culture for 1-14 days as described 
“previously'*. Intracellular recordings were made with a single 
electrode connected to a bridge circuit for current injection. Action 


potentials were elicited by applying pulses of depolarizing current 
and data were recorded with a Nicolet digital oscilloscope and a 


ntial; where necessary, d.c. was injected:to adjust the mem- 
ne potential before stimulation. a, Effect of TPA. The recording 
ectrode was. filled. with:3 M KCI. TPA (Sigma) was dissolved in 
ethyl ‘sulphoxide (DMSO). Final concentrations of TPA and 
DMSO i in the bath were 10nM and 0.0005% respectively. (This 
concenttation of DMSO had no effect in control experiments.) The 
membrane‘ potential of the cell shown was —66 mV. The:stimulus 
was'a.200-ms pulse of 0.65 nA. Scale bars: 20 mV, 300 ms. b, Effect 
“injection of protein kinase C. Protein kinase C was purified 
im bovine brain by a modification of the method of Kikkawa er 
al. The electrode tip was filled with protein kinase C (16 xg ml™') 
in 20mM potassium phosphate buffer (pH 7.2), 0.9M KCI. The 
“nzyme was pressure-injected with a 2-min pulse of 50 p.s.i. The 
‘membrane potential of the cell shown was —30 mV. The stimulus 
was a 500-ms pulse of 0.11 nA. Scale bars: 20 mV, 200 ms. 


centration of TPA over the range tested. No significant 
chan; es! ‘in the width of the action potential, the amplitude of 
!lowing an action potential, or the apparent 

resistance were found. The inactive < a-phorbol had no 
on any parameters of the evoked action potential. 
jection of purified protein kinase C mimicked the effect of 
on the height of the action potential (Fig. 1b). Control 
f either heat-inactivated enzyme or carrier solution 

: sflect (Table.1). These results. are consistent with 
the hypothesis that the effects of TPA on the electrical Properties 
the: pag cells are mediated by the activation of protein 
























size sand shape of action potentials are determined by the 
rties of several distinct ionic conductances. In order to 
mine which. currents were affected, the-effects of TPA on 
oth inward and outward currents were examined in voltage- 
clamped, internally dialysed bag ceil neurones. Figure 2 shows 

the peak inward current in voltage-clamped bag cell 
ne rones internally dialysed with K*-current blockers was twice 
as large, on average, in cells pretreated with TPA as ‘that. in 
control cells from the same ganglion. TPA had no apparent 
eff ct on either the voltage dependence of activation. or the 
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Fig. 2 Pretreatment with TPA enhances net inward current in 
voltage-clamped, internally dialysed bag cell neurones. a, Inward 
currents seen in a control cell which had been treated with 4-a- 
phorbol for 40 min before the beginning of intracellular dialysis. 
Cell capacitance, 0.095 nF. Scale bars: 0.25 nA, 20 ms. b, Inward 
currents measured in another cell (from the same ganglion as the 
cell in a) which had been treated with TPA for 55 min before the 
beginning of intracellular dialysis. Cell capacitance, 0.07 nF. Scale 
bars as in a. c, Mean I-V (current-voltage) curve from a set of 
experiments such as those shown in a and 6. Peak inward currents 
were normalized by cell capacitance (estimated by integrating the 
unfiltered current transient seen during a brief hyperpolarizing 
pulse). Mean values of peak inward current density are presented 
(+s.e.m.) for seven cells pretreated with 4-a-phorbol for 10-60 min 
(O, control) and for seven paired cells pretreated with TPA for 
30-75 min (V). The peak inward current was significantly greater 
in the TPA-pretreated cells (P<0.01, = 3.267). There were no 
significant differences in capacitance or resistance between the two 
groups of cells. In three of seven TPA-treated cells and three of 
seven control cells, the inward current also contained a small, 
rapidly inactivating component which was probably a tetradotoxin- 
sensitive sodium current (not shown). 

Methods. Bag cells were dissociated and maintained for 1-2 days 
in primary culture. The cells were plated into plastic Petri dishes 
(Falcon) which had been treated to prevent the cells from adhering 
to the dish and growing neurites. These ‘floating’ cells had ionic 
currents similar to those seen in attached, growing cultured cells, 
but faster dialysis and more stable recordings were possible. Cells 
were exposed to either the inactive phorbol, 4-a- phorbol (control), 
or the active phorbol ester, TPA, before and during patch-clamping 
and dialysis. Final concentrations of 4-a-phorbol, TPA and DMSO 
in the bath were 100 nM, 100.nM and 0.005%, respectively. Each 
TPA-treated cell was matched with a control cell from the same 
ganglion, examined after the same number of days in primary 
culture. The whole-cell patch-clamp method was used to voltage- 
clamp and internally dialyse the cells'®. The internal dialysis sol- 
ution used for recording inward currents contained (in mM): 100 
tetraethylammonium (TEA)-aspartate, 453 Cs-aspartate, 17 Cs- 
phosphate, 10 reduced glutathione, 5. Na,ATP, 9.1 Na,GTP, 
5 MgCl, 20 HEPES (pH 7.3), 20 EGTA, 4.14 CaCl, and | mg ml"! 
glucose. With this internal solution, outward currents were reduced 
during the first 1-2 min of dialysis, leaving a net inward current 
which could be observed for over 30. min, but the amplitude of 
which gradually declined (20-70% decrease in 30 min), as reported 
by others'’. Therefore, in these experiments inward currents were 
recorded at equivalent times, starting 3-4 min after the onset of 
dialysis. Currents were elicited by depolarizing pulses from the 
holding potential (—60 mV) to the indicated potential, followed 
by repolarization to —40 mV. Inter-stimulus interval was 30 s. Cur- 
rent records were filtered (4,000 Hz) and digitized (256 points per 
record) ; points are connected with straight lines. The ohmic portion 
of the leakage current (calculated from resistance measured during 

small hyperpolarizing voltage steps) has been subtracted. 
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Fig. 3 Pretreatment with TPA does not change net outward 
current (low) in voltage-clamped, internally dialysed bag cell 
neurones. Cells were cultured, voltage-clamped and internally dia- 
lysed as described in Fig. 2 legend, except that the internal dialysis 
solution contained K* instead of Cs* and TEA™. Calcium-activated 
potassium currents were blocked by the 20mM EGTA in the 
internal solution. a, Outward currents seen in a control cell during 
175-ms depolarizing pulses from —60 mV to the indicated voltages, 
followed by repolarization to —40 mV. Inter-stimulus interval 60 s. 
Cell capacitance, 0.10 nF. Currents are shown as in Fig. 2, except 
that no leak subtraction was used. Scale bars: 3nA, 30 ms. b, 
Outward currents seen in another cell (from the same ganglion as 
the cell in a) which had been pretreated with 100nM TPA for 
16min; the same protocol was used as in a. Cell capacitance, 
0.10 nF. Scale bars as in a, c (Right), mean (+s.e.m.) net outward 
current density at the end of 175-ms depolarizing pulses (as in a 
and b) in six control cells (T) and six paired-TPA-pretreated cells 
(VY). Control cells were pretreated with either 100 nM 4-a-phorbol 
(final concentration in DMSO = 0.005%, n = 2) or 0.05% DMSO 
alone (n=4). Left, mean (+s.e.m.) peak A-current (transient 
potassium current) observed in the same cells used for measure- 
ment of net outward current (+, control; A, TPA-pretreated); no 
sample records are shown. A-current was measured during 
depolarizations to the indicated voltages; inactivation was removed 
with I-s prepulses to '~100-mV. from the holding potential of 
~60 mV. There were ho significant differences in either net outward 
current or A-current at any potential. Three of six TPA-treated 
cells had a marked net inward current at the beginning of the 
depolarization (examples not shown). 


kinetic properties of the inward current, although these were 
not examined in detail. 

The predominant inward furrent in cultured bag cell neurones 
is carried by calcium ions". Several lines of evidence suggest 
that the TPA-induced current observed here is also carried by 
calcium. In one experiment, addition of the calcium channel 
blocker lanthanum (i mM) to the bath completely abolished 
the inward current in a TPA-pretreated cell. Furthermore, in 
experiments in which N-methylglucamine was substituted for 
sodium in the extracellular solution, the inward current was still 
enhanced by pretreatment with TPA (n=5 TPA-treated cells, 


5 matched control cells; P<0.05). These results, and the similar- 


ity in the kinetics and voltage dependence of the TPA-induced 
current to the predominantly calcitum-carried control current 
.... (Fig. 2), indicate that TPA enhances a calcium current in the 
=e bag cell neurones. 










































Table 1 Effects of TPA and protein kinase C on action potentials 5 
bag cell neurones 





% Change in 
height of action 


n potential 
TPA 10 +21.3+3.5* 
Protein kinase C 15 +10.4+4.0t 
Control injections 13 +1.542.5 





TPA was added to final concentrations of 10 nM (n = 4), 50nM(n 
or 100nM (n=3). Protein kinase C was injected in a carrier soluti 
of 20mM potassium phosphate buffer (pH 7.2), 0.9 M KCI (n= 
Control injections comprised carrier solution alone (7 = 8). or pre 
kinase C (in carrier solution) which had been inactivated by heating 
50°C for 90 min (n = 5). No differences between the two control gro 
were noted. Action potential widths were measured at two-thirds pi 
height. In addition to the parameters of the action potentials, | 
afterhypolarization following an action potential and the input f 
ance of the cells were monitored; no significant changes in the | 
two parameters were observed for any of these treatments. Significa 
was calculated using a paired t-test. A 

*P<0.03; + P<0.02. 





The effects of pretreatment with TPA on voltage-depende 
potassium currents in the bag cell neurones were also exami 
(Fig. 3). TPA pretreatment caused no obvious changes in 
amplitude, kinetics or activation parameters of the net outwi 
currents observed at voltages between —15 and +45mV o; 
the transient outward current (A-current). TPA has been pr 
posed to enhance calcium-dependent potassium currents in| 
phocytes’; we have not yet determined whether TPA has 
effect on calcium-dependent potassium currents in ba; 
neurones, cme 

Although TPA consistently enhanced inward currents w 
cells were exposed to the drug before internal dialysi 
observed no effects when TPA was added to the bath 
dialysis had begun (n=6 cells with the potassium-bl 
solutions and n=4 cells with potassium aspartate solu 
including solutions in which the EGTA and calcium concen 
tions were altered). In broken cell preparations of. ba; 
neurones, TPA can stimulate protein phosphorylation in t 
presence of these internal dialysis solutions. It seems, therefor 
that internal dialysis disrupts some intracellular process requi 
for the enhancement of the calcium current by TPA. Onx 
established, however, the enhancement effect is not abolishe 
by internal dialysis. 

The results presented here suggest that the TPA-induced act 
vation of protein kinase C in bag cell neurones can lead to 
increase in the voltage-dependent calcium current without alter- 
ing the potassium currents examined. In contrast, activatio! 
cyclic AMP-dependent protein kinase causes decreases in 
least three potassium « currents i in the same cells without affectin 
the inward currents*'®"', Therefore, both protein kinase C ai 
cyclic AMP-dependent protein kinase enhance action potentials, 
but they do so by affecting the activity of different ion channel 
The enhancement of calcium entry by a calcium-sensi 
enzyme, protein kinase C, may produce an excitatory, positive 
feedback mechanism in the bag cell neurones. A similar positive 
feedback mechanism has been proposed for ventricular. 
muscle'*. Such feedback could contribute to the prolonge 
electrical after-discharge and associated enhancement of action 
potential height which can be induced by brief simulation of 
intact clusters of bag cell neurones’? 
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The recent development of techniques for recording currents 

through single ionic channels' has led to the identification of a 
‘specific channel that is activated by cytoplasmic Ca** (refs 
12). The channel has complex properties, being activated by 
epolarizing voltages and having a voltage-sensitivity that is modu- 
ated by cytoplasmic Ca** levels. The conduction behaviour of the 
nel is also unusual, its high ionic selectivity being displayed 
multaneously with a very high unitary conductance 412. Very 
is known about the biochemistry of this channel, largely due 
ë lack of a suitable ligand for use as a biochemical probe for 
he channel. We describe here a protein inhibitor of single Ca** 
activated K* channels of mammalian skeletal muscle. This 
inhibitor, a minor component of the venom of the Israeli scorpion, 
_Leiurus quinquestriatus, reversibly blocks the large Ca**-activated 
annel in a simple bimolecular reaction. We have partially 
rified the active component, a basic protein of relative molecular 
ass (M) ~ 7,000. 
Tnall the experiments described here, we measured K* cur- 
ents through single Ca**-activated K* channels from rat skeletal 
uscle plasma membranes inserted into planar phospholipid 
ilayers. Latorre and colleagues**'' have shown that the native 
functions of this channel are preserved on transfer into a planar 
bilayer i in minimal conditions using aqueous solutions contain- 
only inorganic ions and. buffers. 

igure La illustrates the effect of crude L. quinquestriatus 
enom (LQV) on the Ca?*-activated K* channel in planar 
layers, In control conditions the channel was ‘active’ for almost 
the ‘time (that is, it opened and closed rapidly on a 10-ms 
time scale) and was closed for ~80% of the time (as shown in 
he expanded-scale trace). Single-channel activity of this kind 
will continue for hours if precautions are taken to prevent 
incorporation of more than one channel into the bilayer. Addi- 
nof LOV to the external solution caused an obvious change 
in the behaviour of the single channel, when examined on a 
slow time scale: long-lived nonconducting states separating 
tsts’ of active channels were apparent. Within such a burst, 
e rapid opening and closing of the channel and its unitary 
current were identical to those seen in control conditions. The 
venom exerts its inhibitory effect only when added to the 
‘extracellular’ solution, that is, the side opposite to that on which 
Ca’ activates the channel. We next addressed two questions: 
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Fig. 1 Effect of Leiurus venom on the Ca?* -activated K* channel. 
a, Control record taken for ~2 min, after which LQV (16 pg ml7!; 
Sigma) was added to the external solution, and records were 
collected for a further 2 min. All traces were recorded with con- 
tinual stirring. A 200-fold expanded-time trace is displayed below 
each record to illustrate the channel's gating. b, Concentration- 
dependence and reversibility of Leiurus venom. The traces show 
channel behaviour before addition of crude venom (top trace), in 
the presence of venom at the indicated concentrations (middle two 
traces), and after extensive perfusion of the external chamber with 
venom-free medium. 

Methods: A planar bilayer was formed from a decane solution 
of phosphatidylethanolamine (24 mM)/phosphatidylcholine 
(6mM), and a single Ca**-activated K* channel from rat muscle 
transverse (T)-tubule vesicles, prepared as described elsewhere”, 
was inserted into the bilayer by the ‘fusion’ method*. The ‘external’ 
aqueous solution of the bilayer system, topologically equivalent 
to the external face of the channel in its native membrane, contained 
(in mM): 5 KCI, 90 NaCl, 0.2 EGTA, 10 MOPS-KOH, pH 7.0. The 
‘internal’ solution contained (in mM): 195 KCI, 0.08 CaCl, 
10 MOPS- KOH, pH 7.0. Incorporation of the channel was effected 
by adding rat T-tubule vesicles (2 ug ml™') to the internal side of 
the bilayer, but without the NaCl on the external side. After the 
appearance of the channel, NaCl was added to the external side, 
to the final concentration given above. Single-channel records were 
collected on FM tape at a holding voltage of 20mV (cellular 
convention, with external solution ground). Channel openings, 

representing outward K* current, are upward. 


(1) What is the nature of the active toxin’in the venom? (2) 
What is the mechanism of inhibition of the Ca**-activated K* 
channel by the toxin? 

Figure 1b shows the concentration-dependence of the effect 
of LQV: with a rise in concentration of LQV, the inhibition of 
the channel became increasingly pronounced, as seen by the 
shortening of the active bursts. The average dwell times in the 
LQV-induced nonconducting states did not change with venom. 
concentration (see below). The effect of the venom was readily 
















reversed by peduni- the external side of the bilayer with 
venom-free medium, These characteristics are reminiscent of a 
‘slow-blocking mechanism of channel inhibition, in which the 
active toxin in the venom, TX, associates reversibly with the 
active channel in a bimolecular fashion’ >"? 
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< This scheme: interprets each long-lived blocked state observed 

-in the single-channel record as resulting from an interval of time 

< in which a single toxin molecule is associated with a single 

channel. The scheme makes several strong predictions: both 

“> active and blocked dwell times must be exponentially distributed 

‘and the average blocked time, 7,, must be independent of toxin 
concentration, as 







1/4, = kor (2) 


.. Moreover, the average time in the active state, T, must be 
inversely proportional to toxin concentration, as 


1/ Ta = konl TX] (3) 


As shown: below, these predictions are satisfied. 
The validity of equation (3) is especially. important, as it 
allows us to develop a linear assay for the active component of 
the crude venom. We used the toxin-induced shortening of the 
active dwell time of single Ca?* -activated K* channels as a 
functional assay to fractionate the venom and purify the channel 
inhibitor. 

A two-step fractionation of LQV yielded partially purified 
toxin (Fig. 2). Cation-exchange chromatography of crude venom 
on Bio-Rex 70 produced multiple protein peaks, but channel- 
inhibiting activity was observed only at high salt elution 

(>500 mM; Fig. 2a). When such high-salt fractions were applied 
toa Bio-Gel P10 column, two peaks of protein were observed, 
but only: the more rapidly moving peak had toxin activity; 
selected assays of these ‘P10’ fractions are shown in Fig. 2b, 
demonstrating that the single-channel assay of toxin activity can 
} ative. This Bio-Rex 70/Bio-Gel 10 fraction- 
ation results ina recovery. of ~70% of total toxin activity with 

1-2% of the protein, a 50-fold purification. Our best estimates 

indicate that the P10. fraction is ~30% pure, comprising a 

prominent band of M,~7,000 (7K) on SDS-polyacrylamide 

gradient gels, with higher molecular weight contaminants. 

This partially purified toxin is directed against a channel 
which, because of its high conductance and selectivity, has been 
described structurally as analogous to a funnel with a huge 
mouth'?, Similarly, we may view the channel’s structure as that 
‘of a giant whirlpool, and accordingly name the agent in LQV 
directed against it ‘charybdotoxin’ (CTX). The CTX activity 

-c is sensitive to washing, to reduction with dithiothreitol, and to 
treatment with: chymotrypsin (data not shown). The activity is 
dialysable through 10K. cutoff tubing but is retained in 3.5K 
cutoff tubing. We therefore envisage CTX as a small, basic, 
disulphide-linked protein, like other scorpion neurotoxins’, The 
purified toxin Ha from L. quinquestriatus (given by Dr Gary 

Strichartz), ; a potent modifier of Na* channels'*'’, has no effect 

on the Ca**-activated K* channel studied here. 

We next examined the mechanism of action of the partially 
purified CTX from the Bio-gel P10 column. As both active and 
blocked states are distributed exponentially (data not shown), 
the mean dwell times in the active and blocked states are a 
measure of the rate constants of blocking and unblocking, 
respectively. When the CTX concentration was varied, the mean 
dwell times behaved as expected for a simple bimolecular pro- 
cess (Fig. 3). The inverse of the mean time in the active state 

_ varied linearly with CTX concentration, whereas the blocked 
time was independent of CTX concentration [equations (2) and 

(3)]. Thus, CTX blocks the Ca**-activated K* channel in a 












_. Manner similar to that by which tetrodotoxin and saxitoxin 


= block Na* channels of excitable membranes'* 
These experiments do not elucidate the mechanism by which 
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Fig. 2. Fractionation of Leiurus venom. Crude Leiurus venom Ww: 
dissolved at 1 mgmi7' in 10mM NH,-acetate, pH 7 and: cen 
trifuged at 30,000 g for 15min. a, The supernatant (7 ml) wa 
applied to a 10-ml Bio-Rex 70 column (400 mesh), equilibrated i 
10mM NH, -acetate, and eluted with the salt gradient shown 
flow rate of 0.2 mimin. Fraction size 0.9 ml. Fractions wi 
assayed for activity by the ability of a 30-p! sample to inh 
Ca**-activated K* channels in planar bilayers. All regions. of th 
elution profile were assayed, and only the fractions marked. 
asterisks had measurable activity. b, The high-salt fraction obtai 
from the Bio-Rex 70 column in a was lyophilized and dissol 
in 0.5 ml, then applied to a Bio-Gel P10 column (10 ml), equili- 
brated in 100mM NaCl, 5mM NaP;, pH 7.0. The column was run 
at 0.1 mi min”, and 0.3 ml fractions were collected. Protein was. 
determined by the fluorescamine assay”, with bovine -serui 
albumin as the standard. The figure shows representative single- 
channel traces to. illustrate the assay of toxin activity; for each’ 
record, a Ca?* -activated K* channel was placed in a planar bilaye 
and recordings were taken after addition of 20 yl of the indicated 
fraction. Channel assay conditions were as in Fig. 1, except that - 
the NaCl was omitted from the external solution; this increase 

the sensitivity of the assay ~ 10-fold. 
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Fig. 3 The blocking kinetics of charybdotoxin, prepared as in the 
two-step fractionation of Fig.2, were examined in conditions 
described. for Fig. 1. At each CTX concentration, records. were 
taken for 30-150 min,-and mean dwell times were calculated, Each. 
point represents the mean time (+s.e.m.) calculated from 30-300 

transitions on a single-channel membrane. 
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‘Fig.4 Release of CTX blockade by tetraethylammonium (TEA). 
The activity of a single Ca**-activated K* channel was recorded 
Jn the conditions described for Fig. 1, except that NaCl was omitted 
from the external bath. After obtaining a control record (not 
shown), 41 ng mi~’ CTX was added, and ~30 blocking events were 
recorded, a representative sample of which is shown (top trace). 
TEA (150 uM) was added at the arrow, and data were collected 
For a further 5 min. The diffusion of TEA up to the membrane 
surface can be seen as a reduction of the channel height. Mean 
dwell times in the active state were 3.9+0.6s and 12425, before 
and after addition of TEA, respectively. 


CTX binding to the Ca**-activated K* channel leads to a long- 
lived nonconducting state. There are two obvious candidates: 
direct occlusion of the channel's conduction pathway, and inter- 
on with the channel’s gating machinery. The experiment 
shown in Fig. 4 supports strongly the direct occlusion mechan- 
We exploited the fact that this channel is blocked from the 
ternal side by tetraethylammonium ion (TEA) at submil- 
limolar concentrations'”’. Figure 4 shows that addition of 
xternal TEA not only caused a reduction in K* current through 
channel (as expected for a rapidly reversible blocking reac- 
tion), but also relieved inhibition of the channel by CTX. Thus, 
e is a strong interaction between TEA and CTX on the 
rnal side of the channel. As TEA is known to block many 
channels by directly entering the conduction pathway’’, the 
CTX block is probably due to channel occlusion by binding at 
asite near the TEA receptor in the external mouth of the channel. 
‘This represents the first report of a high-affinity inhibitor of 
the high-conductance Ca**-activated K* channel. We can esti- 
mate the potency of CTX from Fig. 3, assuming a molecular 
ight of 7,000 and a purity of 30%. In these conditions the 
p-for association with the Ca**-activated K* channel is 
10M. This high affinity, combined with the long blocked 
me (~ 10s at room temperature), makes CTX a suitable candi- 
-date for probing and possibly purifying the Ca**-activated K* 
annel. It could be used as binding ligand, a photoaffinity 
gand, or possibly as a basis for affinity chromatography. 
At present, we have little information about the specificity of 
CTX. We know that it has no effect on K* channels from 
mammalian sarcoplasmic reticulum (unpublished data), on 
batrachotoxin-activated Na* channels from rat muscle (unpub- 
shed data), or on K* channels of squid axon (W. Gilly, unpub- 
lished results). These initial results suggest that CTX may indeed 
be specifically targeted against the Ca°* -activated K* channel, 
and we are continuing to investigate this specificity. 
Yo avoid possible confusion, we should mention that apamin, 
a protein toxin of honeybee venom, was shown previously to 
inhibit Ca?*-activated K* currents in neuroblastoma’'. This 
“toxin has no effect on the Ca”*-activated K* channel studied 
here?™??. This is not a contradiction, however, as it has been 
argued” that apamin is specific for a different Ca**-activated 
* shannel, one with a low conductance (~ 20 pS) whose selec- 
tivity has not been studied in detail. 
This work was supported by NIH research grant GM31768 
and by grants from Fondo Nacional de Investigacion Cientifica 
(project no. 1299) and from the Dept de Desarrollo de la 
vestigacion, Univ. de Chile (project no. B-1985-8413). We 
nk Dr Gary Yellen for coining the name charybdotoxin. 
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Early steps of lymphocyte activation 
bypassed by synergy between 
calcium ionophores and phorbol ester 
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& Anne-Marie Schmitt-Verhulst 
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Case 906, 13288 Marseille, Cédex 9, France 

Faculté de Pharmacie, Université d'Aix-Marseille H, 

27, Boulevard Jean Moulin, 13385 Marseille, Cedex 5, France 


Although it has been proposed that the activation of T lymphocytes 
is mediated by an early rise in cytosolic calcium concentration’, 
it has not been possible to mimic antigen- or mitogen-induced 
mouse lymphocyte activation by calcium ionophores that bypass 
receptor-mediated processes'*. There is now evidence from other 
systems that the rise in cytosolic calcium which follows receptor 
triggering is preceded by the breakdown of phosphatidylinositol 
bisphosphate into 1,2-diacylglycerol and inositol trisphosphate 
(for reviews see refs 5-8). The latter is known to cause release of 
calcium from intracellular stores®. The cellular target for the 
former is now widely accepted to be protein kinase C (ref. 6). 
Therefore, ligand-induced cellular response follows a rise in 
cytosolic calcium concentration and protein kinase C activation. 
Here we confirm that the calcium ionophores A23187 and ionomy- 
cin do not activate mouse T lymphocytes. However, either one in 
combination with the phorbol ester 12-O-tetradecanoylphorbol 
13-acetate (TPA), which is structurally related to 1,2-diacylgly- 
cerol, induces in lymphoid cell populations the expression of 
receptors for interleukin-2 (IL-2), the secretion of IL-2 and cell . 
proliferation as measured by *H-thymidine uptake. The growth- 
promoting effect of HL-2°"° on an exogenous IL-2-dependent clone 
could not be substituted for by ionomycin either alone or with 
TPA. Thus, the combination of calcium ionophores and TPA 
bypasses the requirement for antigen- or lectin-induced signal at 
the onset of lymphocyte activation. 

T lymphocytes" from CBA mice were incubated with various 
concentrations of ionomycin, A23187 or concanavalin A (Con 
A) and in the presence or absence of TPA. After 3, 20 or 40h 
of incubation, the supernatant fluid was removed and replaced 
with fresh culture medium. All wells were pulsed with °H- 
thymidine after 40 h and cells collected 8 h later. Figure t shows 
that in the presence of 10 nM TPA, both i ionomycin and A23187 
induce a dose-dependent incorporation of *H-thymidine, but 
that none of the compounds has any effect alone. TPA also 
enhances the Con A-induced response. Blast transformation is 





* Present address: Department of Immunology, Smith, Kline & French Laboratories, L102, 
1500 Spring Gdn St, Philadelphia, Pennsylvania 19101, USA. 
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ig. 1 Incorporation of *H-thymidine by mouse T lymphocytes 
after stimulation by calcium ionephores or Con A with or without 
TPA. T lymphocytes from spleen of CBA mice were obtained by 
filtration on nylon wool’? and suspended in culture medium (RPMI 
1640 medium supplemented with 5% fetal calf serum (Flow 
Laboratories), 2mM_ glutamine, 0.5M 2-mercaptoethanol, 
penicillin and streptomycin); aliquots were placed in 96-well 
microtitre plates at 10° cells per well. Con A or the calcium 
ionophores A23187 or ionomycin (diluted from 5:mM stock sol- 
ution in dimethyl sulphoxide) were added to give the desired final 
concentration (ionomycin kindly provided by Dr A. Mattei of 
Squibb Laboratories). TPA (10 nM} was added where appropriate. 
After 3, 20 or 40h of incubation under a humidified and condi- 
tioned atmosphere (37°C, 7% CO,), the plates were centrifuged, 
then the supernatant removed and replaced. with fresh culture 
medium. After a total of 40 h of incubation, all wells were pulsed 
with 0.5 Ci of *H-thymidine (Amersham) and cells collected 8 h 
later. 7H-thymidine incorporation was measured wtih a 8-counter. 
Cells maintained in culture medium or treated with TPA alone 
always incorporated <5,000 c.p.m. Values are means of triplicates 
and are representative of several experiments. 








also observed in all cultures where there is increased °H- 
thymidine uptake (data not shown). The maximally effective 
concentration of ionomycin and A23187. decreases with in- 
creasing incubation time before the medium is replaced. A long 
period of incubation (40h) causes a decrease or abolition of 
H-thymidine incorporation at the highest concentrations of 
ionomycin and A23187, as is also the case for Con A”. All 
subsequent experiments were conducted using ionomycin as a 
stimulant in preference to A23187, because of the known higher 
specificity for calcium of ionomycin'*'* and because we find 
ionomycin to be more effective than A23187 at lower concentra- 
tions. 

To show that activation by the calcium ionophores in conjunc- 
tion with TPA is indeed calcium-dependent, T lymphocytes were 
incubated in medium containing the calcium chelator EGTA 
and challenged with ionomycin. After 3 or 20 h, the supernatant 
fluid was removed and replaced by fresh culture medium. Figure 
2 shows that the presence of EGTA completely abolishes the 
ability of ionomycin to trigger >H-thymidine incorporation. This 
effect can be reversed by including excess CaCl,, but not MgCl,, 
during incubation with EGTA. 

Mouse spleen T lymphocytes stimulated by ionomycin and 
TPA secrete IL-2 in the first 24h after activation (Fig. 3). 
Supernatant was removed from cells 24, 48 or 72h after treat- 


ment with the various mitogenic agents or medium alone and ~~ 
tested for activity on a T-lymphocyte clone, CTL-L, which ~ 
requires exogenous IL-2 for growth. Figure 3 shows thationomy- - 
=> Cin in combination with TPA induced IL-2 secretion whereas: 


neither ionomycin nor TPA had any effect alone. After 48 h, 


-because supernatants obtained 48 and 72h after stimulation of 
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Fig. 2 Inhibition by EGTA of ionomycin- and TPA-induced 
thymidine incorporation into T lymphocytes and reversibility wi 
excess CaCl,. T lymphocytes were placed in 96-well microtitre 
plates containing culture medium supplemented or not with 2mM 
EGTA alone, EGTA plus 2 mM CaCl, or EGTA plus 2 mM MgCl. 
In all cases the pH of the medium was pre-adjusted to 7.4. The 
ceils were stimulated with different concentrations of ionomycin | 
and 10nM TPA. After 3 or 20h incubation (37°C) the super. 
natant was removed and replaced with fresh culture medium, 
>H-thymidine incorporation was measured as described in Fig. 
legend. ae. 
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Fig. 3 IL-2 secretion by T lymphocytes after stimulation by 
ionomycin and TPA or Con A. T lymphocytes were stimulated by. 
ionomycin (144M) or Con A (5 pg ml!) with or without TPA 
(10 nM) in Costar wells at 4 x 10° cells per well (4 wells per group). 
After 3 h, they were centrifuged, the supernatant carefully aspirated 
and replaced with I ml of fresh culture medium (see also Fig. 
legend), and 24, 48 or 72h later, 200 ul of supernatant’ wer 
removed from each group and stored (4°C) until tested. To test 
for IL-2 activity, 10* cells from an IL-2-dependent T-lymphocyt 
clone, CTL-L'°, were dispersed into 96-well microtitre plates an 
supernatant added to a final concentration (% volume) of 2.5.0) 
20%. After 18h incubation (37°C), all wells were pulsed with 
0.5 pCi of *H-thymidine and cells were collected 6h later for B 

counting. ae 


IL-2 activity decreased markedly. Con A was more effective at 
causing IL-2 secretion when combined with TPA than alone, 


cells with Con A plus TPA contained greater IL-2 activity tha: 
those obtained at the same time from cells stimulated with Con 
A alone. 7 



















Table i Incorporation of °H-thymidine by CTL-L cells in the presence of mitogenic ‘agents or interleukin-2- 











lonomycin IL-2 
i ConA 
24M 1 pM 05yM 0.25pM Spg mi! 5% 16% 0.55% 0.18% 0.06% Control 
No TPA 620 803 1,029 745 901 26,365 25,573 18,945 9,391 3,871 316 
TPA 159M 479 289 357 389 446 ND ND ND ND ND 593 
3nM 1,152 1,500 876 720 769 ND ND ND ND ND 727 
10nM 5,940 4,162 4,415 4,557 2,638 ND ND ND ND | ND 3,053 











10* CTL-L cells were dispersed into 96-well microtitre plates. lonomycin, Con A, TPA or supernatant from IL-2-secreting ELA cells'® were added 
ve the desired final concentration. After 18h incubation (37°C), all wells were pulsed with 3H-thymidine and cells collected 6h later for 8 








counting. ND, not determined. 
Control 24h 48h 


do not secrete sufficient IL-2 for proliferation, when purified 
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Fig.4 Expression of the receptor for IL-2 by T lymphocytes after 
stimulation by ionomycin and TPA or Con A. Measurement was 
döne by absorbing IL-2 from standard IL-2-containing supernatant 
‘by the stimulated T cells and testing for residual activity on CTL-L 
cells. T lymphocytes were stimulated with ionomycin (1 pM) or 
‘Con A (5 pg ml~') with or without TPA (10M) in Costar wells 
at 510° cells per well. After 3h, they were centrifuged, the 
supernatant carefully aspirated and replaced with 1 mi of fresh 
culture medium (see also Figs 1 and 3 legends), and 24 or 48h 
ter, the cells were recovered and incubated (37°C) for 1h in 
fresh culture medium; 10’ cells were then pelleted and incubated 
(4°C) with supernatant (2% ) from an IL-2-secreting ELA cell line’® 
for f h with intermittent agitation. The supernatant was recovered 
id tested for activity on CTL-L cells as described in Fig. 3 legend. 
04 CTL-L cells (75 pl) cultured for 18h with 50 pl of absorbed 
supernatant (diluted or non-diluted) were pulsed with °H- 
ymidine and collected 6 h later for 8 counting. The control figure 
represents the activity of the non-absorbed supernatant and that 
absorbed by non-stimulated cells. 


T lymphocytes stimulated by ionomycin and TPA were also 
duced to express the receptor for IL-2 (Fig. 4). At 24 or 48h 
ter treatment with the various mitogenic agents or medium 
alone, the cells were recovered, washed and allowed to absorb 
at 4°C supernatant from an ELA cell line that secretes IL-2'°. 
2 absorbed supernatant was then tested for activity on CTL-L 
ils. Figure 4 shows that T lymphocytes can absorb IL-2 activity 
24 and 48 h after stimulation with ionomycin and TPA, whereas 
momycin or TPA alone have no effect. Also, T lymphocytes 
ivated by Con A similarly absorb IL-2 activity although those 
tivated by Con A in the presence of TPA do not. We believe 
s to be due to an enhanced stimulation of IL-2 secretion by 
on Aand TPA (see Fig. 3) from IL-2-secreting subpopulations, 
resulting in the saturation of the receptor by its ligand. 
The expression of the receptor for IL-2 is an obligatory step 
for the induction of T-lymphocyte proliferation'’. Note that, 
though synergy between A23187 and TPA has previously been 
intimated'*, these agents are not in themselves mitogenic, as 
they do not abrogate the requirement for IL-2 which alone drives 
mitogenesis. Thus, a T-cell clone, CTL-L, which constitutively 
expresses the receptor for IL-2 and requires exogenous IL-2 for 
rowth, does not proliferate in response to ionophore and TPA 
at concentrations that are normally mitogenic (Table 1). Further- 
more, work now in progress (A.T. et al, unpublished) shows 
iat cytotoxic T lymphocytes (Lyt 2*, T4”), which themselves 


is added to the culture; they then also acquire the capacity to 
kill specific target cells. Therefore, the calcium ionophores, in 
conjunction with TPA, mimic the effect of antigen or Con A 
but not that of IL-2, that is, although they can bypass the initial 
stimulus leading to the production of IL-2 and expression of 
IL-2 receptors, they cannot bypass the later step of activation 
resulting from the engagement of IL-2 and its receptor. Our 
results provide a way of experimentally dissecting the early steps 
of lymphocyte activation. More generally, they are consistent 
with the possibility that antigenic activation of T lymphocytes 
proceeds via the production of the putative second messengers 
1,2-diacylglycerol and inositol triphosphate, as has been sug- 
gested for other systems*™*. 
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The pattern of haemoglobin production changes at the embryonic, 
fetal and postnatal stages of human development, reflecting the 
expression of different globin genes in both the a-like and B-like 
gene clusters’, Recent studies have identified alterations inthe 
state of DNA methylation’ and sensitivity to nuclease digestion“. 














associated with developmental expression of the globin genes in 
red blood cell precursors, but the mechanism initiating these 
changes remains unknown. Despite the screening of large numbers 
of blood samples from newborn infants”, no mutants have been 
found which affect the timing of these changes (with one possible 
exception involving a chromosomal translocation’), thus necessi- 
tating alternative approaches to analysing the cellular basis for 
the timing of haemoglobin switching. Although many mechanisms 
are possible, the initiation of the switch from fetal to adult haemog- 
lobin could be regulated essentially either by a developmental 
clock inherent to haematopoietic stem cells or by an inductive 
enrivonment®’, and in an attempt to distinguish between these 
possibilities, we have transplanted sheep fetal haematopoietic 
tissue into adult animals. Although previous experiments of this 
type produced conflicting results’™™, the accumulated results 
presented here demonstrate that the pattern of haemoglobin 
production after transplantation is determined largely by the 
gestational age of the fetal donor cells. 

The cellular basis of haemoglobin switching may involve a 
change of gene expression within a single erythroid 
(haematopoietic) lineage or the replacement of one lineage 
(committed to a fetal red cell programme) by another (commit- 
ted to the adult pattern)”; however, there is considerable 
evidence to refute the latter model’*"'®. Thus, given that switch- 
ing involves a change in gene expression within the same lineage, 
three different patterns of haemoglobin synthesis might be 
observed after transplanting fetal haematopoietic tissue into an 
adult animal'™!?, If switching from fetal to adult haemoglobin 
is mediated by a signal present for a short time at the end of 
gestation, the transplanted fetal cells should continue to produce 
fetal haemoglobin indefinitely because exposure to the signal 
would be bypassed by transplantation. If, on the other hand, 
the type of haemoglobin produced is regulated by the ‘adult 
environment’ of the haematopoietic tissue, the transplanted cells 
should be induced to synthesize adult haemoglobin, regardless 
of their gestational age. Finally, if switching is regulated by a 
developmental clock inherent to haematopoietic stem cells, the 
adult environment may have only a permissive role, and switch- 
ing from fetal to adult haemoglobin production should occur 
in the transplanted cells at a time closely related to gestational 
age. 

Details of the transplantation procedure have been described 
previously''. Briefly, recipient sheep, 3-12 months old and 
homozygous for the “8 type of adult haemoglobin, were given 
total body irradiation as either a 12-Gy single dose or an 18-Gy 
divided dose given in two or three equal fractions, 48 h apart. 
Donor fetuses, homozygous for the #8 type of adult haemo- 
globin, from timed matings (accurate to | day) were obtained 
by caesarian section, and haematopoietic cells were prepared 
from fetal liver (after depletion of hepatocytes), bone marrow 
and thymus. These cells were slowly transfused into the recipient 
via an indwelling catheter within 4h of the final irradiation 
dose. The transplanted animal was then supported with fluids, 
antibiotics and irradiated platelet transfusions. Blood and bone 
marrow samples were obtained regularly to assess the degree 
of haematopoietic recovery, for chromosome studies and to 
measure the relative rates of fetal and adult haemoglobin syn- 
thesis. Transplanted animals survived only for up to 41 days, 
even though we varied pre-transplant preparation and increased 
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Table i Proportions of donor and recipient dividing haematopoietic 

cells (direct) and ‘marrow stromal’ cells (after culture) in bone marrow 
samples from two transplanted animals 





Chromosome analysis 


Days (donor/recipient karyotypes) 
Post- Post- % y-chain After culture 
conception transplant synthesis Direct (days) 
104 24 89 100/0 13/87 (24) 
132 32 44 98/0 5/42 (16) 
15/120 (37) 


a N A 
In both cases, the donor fetus was male and the recipient female. 
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Fig. 1 Haematological and globin synthesis data on two 
resentative animals transplanted with haematopoietic cells fro 
fetuses of gestational age 80 days (a) and 100 days (b). Blood 
samples were obtained regularly from an indwelling catheter for 
haematocrit (Hct) and white blood cell (WBC) counts, while bon 
marrow samples were obtained twice weekly for morphologica 
examination and measurements of globin-chain synthesis. Washe 
marrow cells were incubated with 50 pCi *H-leucine for 60 mi 
and protein precipitated by acid-acetone. Partial purification o 
globin was obtained by gel filtration on Sephadex G-100 in 5% 
HCOOH and individual globin chains separated by CM-cellulose | 
chromatography in 8 M urea using a 0.0046-0.031 M Na,HPO, i 
gradient at pH 6.6 (see ref. 11). Globin synthesis results are. 
expressed as the proportion of donor °8-chain synthesis over the | 
total donor non-a-chain synthesis (8 + y). Recipient ^B (+°8)- 
chain synthesis was minimal or undetectable. 










Fig. 2 Peripheral blood film from the sheep in Fig. 1a, 34 days. 

after transplantation with 80-day fetal liver cells. The acid elution 

technique” preferentially removes adult haemoglobin, distinguish- 

ing cells containing largely fetal haemoglobin (darkly stained) from 
the adult (ghost) cells. 


the intensity of post-transplantation support. There was no- 
evidence of graft-versus-host disease. ie 

Previous control studies’! have demonstrated that in these 
conditions no autologous marrow recovery occurs and there is 
insignificant recipient haemoglobin synthesis (marked by AB 
chain production). Furthermore, in adult to adult marrow trans. 
plantations, no reactivation of fetal haemoglobin is observed 

Despite the relatively short survival time of the recipien 
animals, the post-transplantation patterns of haemoglobin syn- 
thesis by the donor cells showed clear differences. Figure 1 
illustrates the pattern of haematopoietic recovery and haemo- 
globin synthesis in two representative experiments. Initially 
donor cells from an 80-day-gestation fetus synthesized mainly 
fetal haemoglobin, and by 34 days, fetal-haemoglobin- 
containing cells made up ~25% of the total circulating red cells 
(Fig. 2). At 24 days after transplantation, the y-chains of HbF 
still account for ~90% of the total y+ 8-chain production, but 








Post-conceptional age (days) 


thereafter, 3g.chain synthesis begins to increase sharply (Fig. 
|a). In contrast, similar studies on a 100-day- -gestation donor 
etus (Fig. 1b) showed an almost immediate increase in 3 g-chain 
roduction after transplantation, rising to 65% by 35 days 
post-transplantation. Clearly, the time of haemoglobin switching 
after transplantation differs in these two cases; because, in both 
cases, the increase in B-chain synthesis occurred at a post- 
onceptional age of 105-110 days, this may be related to the 
estational age of the cells. 

Figure 3 shows the combined globin synthesis data from 18 
animals, transplanted with fetal cells from donors of 70-105 
gestation, plotted against the post- -conceptional age of the 
ils. Clearly, the pattern observed in the two representative 
es illustrated above holds true for the combined data. Little 
no increase in donor 8-chain synthesis is observed until the 
cells are ~ 100 days post-conception, irrespective of age at trans- 
lantation. Thereafter, there is a rise in B-chain synthesis which 
arallels but precedes that observed in reticulocytes from normal 
fetuses. sampled in utero. 

It is possible that the pattern of switching in the haemato- 
etic cells was being modified by accessory cells transplanted 
the same time. Indeed, recent work suggests that in some 
iman marrow transplant recipients, marrow stromal cells are 
nor origin”. To exlude this possibility, bone marrow 
ples were cultured at various times after transplantation in 
conditions used for long-term human marrow culture’). A 
mal layer developed in the flasks, similar to that seen in 
urine and human marrow culture. When haematopoiesis had 
substantially decreased (normally after 2-3 weeks), the remain- 
ing stromal cells were karyotyped to determine whether they 
were of donor or recipient origin, based on sex chromosome 
‘erences. The results (Table 1) show that in the two animals 
rated in Fig. 1, bone marrow samples taken 24 and 32 days 
er transplant gave 100% donor karyotypes on direct chromo- 
ome analysis (the dividing haematopoietic cells), but the 
omal layers derived from these marrows were largely of 
cipient origin. Thus, at a time when the transplanted erythroid 
lls were producing mainly fetal haemoglobin, they were matur- 
ing among largely adult stromal cells. It is impossible to deter- 
e whether the few donor-type metaphases seen among these 
cells were haematopoietic cells persisting in the culture or donor 
al cells. Thus, although not conclusive, this experiment 
‘gests that a putative developmental clock is more likely to 
reside within the haematopoietic cells themselves. 

These results indicate that the pattern of haemoglobin syn- 
esis in fetal cells after transplantation to an irradiated adult 
seems to be determined more by their gestational age than by 
the length of time for which they develop in an adult milieu. 
suggests that the developmental pattern of haemoglobin 





Fig. 3 Combined globin synthesis data on 18 
transplantation experiments carried out with 
fetal cells at 70-105 days’ gestation. Only those 
experiments with good evidence of engraftment 
(based on bone marrow cellularity and recovery 
of peripheral blood white blood cells) and sur- 
vival > 14 days have been included. The shaded 
area represents the normal range of 6/B+ y- 
chain synthesis in peripheral blood 
reticulocytes obtained from >20 chronically 
catheterized normal sheep fetuses (ref. 24 and 
our unpublished observations). Open circles are 
the results from donor reticulocytes at the time 
of transplantation: closed circles are results 
from bone marrow samples from the trans- 
planted recipient. 


synthesis is programmed in haematopoietic stem cells during 
early fetal life. However, the overall pattern of haemoglobin 
switching in the transplanted fetal cells is slightly advanced 
compared with that of the normal developmental switching 
process, although this may not be surprising considering that 
the transplant model is somewhat removed from the normal 
physiological process. It is possible that the adult environment 
provides an essential permissive factor that does not itself appear 
in normal development until ~120 days’ gestation, when the 
switch occurs in utero. The appearance on the fetal cells, at 
about 100-110 days’ gestation, of a receptor capable of interact- 
ing with this ‘factor’ could explain the gestational age effect. 

Alternatively, the slight but consistent advancement of switch- 
ing in these experimental conditions may provide a clue to the 
nature of the developmental timing mechanism. Repopulation 
of the adult marrow by the fetal cells presumably requires a 
marked increase in the rate of division of the donor stem cells, 
of which, at least in other species, only a small proportion are 
normally in cycle at any one time. If increased stem cell division 
were responsible for the advancement in the time of switching 
in the experimental animals, it might implicate the number of 
stem cell divisions as the basis for the developmental clock. 
Recent studies”? showing a precocious switch from larval to 
adult haemoglobin production in anaemic amphibians, unre- 
lated to metamorphosis, supports this possibility. 

Thus, allowing for perturbations due to marrow transplanta- 
tion, our experiments suggest that the timing of the switch from 
fetal to adult haemoglobin in ruminants at least in part reflects 
inherent programming of the haematopoietic stem cells. The 
notion that the activation of this programme may be mediated 
through the number of stem cell divisions has the attraction that 
it is open to experimental testing. 

We thank Professor D. J. Weatherall for continuing interest 
and advice, Professor G. Dawes for use of facilities, Mr H. 
Elvidge and his staff for care of the animals, Mr C. Hansen for 
operating assistance and Miss S. Ayres, Miss J. Sharpe and Miss 
S. Howes for technical assistance. 
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The sequence 5’ TTGGPyCAAT 3' (the ‘CCAAT box’) is a con- 
stituent of the promoter region of many eukaryotic and prokaryotic 
genes'” and is believed to play a part in promoter function’. A 
characteristic of the two fetal human globin genes (^y and “y) 
is a duplication of a 12-base pair (bp) sequence containing the 
CCAAT box. Here we report a G—>A substitution in the TTG 
sequence of the distal CCAAT box of the “y-globin gene in an 
individual with the “y (Greek) type of hereditary persistence of 
fetal haemoglobin (HPFH). This represents the first report of a 
natural mutation of the CCAAT box in a eukaryotic gene. The 
fact that this transition is associated with inappropriate expression 
of the “y gene in adult life suggests that the CCAAT box (or its 
surrounding sequences) may have a role in the developmental 
control of y-globin genes. 

In the human, the £-globin genomic region contains five genes 
pi in the order of their expression during ontogeny: 

Ay, ô and B (reviewed in refs 5-7). Both ^y and Sy genes 
are ekoreasdi in fetal life and in the traces of fetal haemoglobin 
found in the normal adult’. In HPFH, however, high levels of 
fetal haemoglobin are found in adults who are otherwise 
haematologically normal’. In the common African variants of 
HPFH, both “y and °y chains are produced as a result of large 
deletions that remove the 6 and B genes and leave the “y and 
^y genes intact’”’®. In the Greek type of HPFH" there is 
continued “y chain synthesis in the adult”'*-'* in the absence 
of globin gene anomalies detectable by Southern blotting”'°'*'®. 
We searched for the underlying mutation by sequencing the y 
genes of a Greek ^y HPFH chromosome. 

As Greek “y HPFH is found only in heterozygotes, restriction 
site polymorphisms in the globin cluster were used to distinguish 
between the HPFH and the non-HPFH chromosomes. A female 
compound heterozygote for ^y HPFH and §-thalassaemia had 
seven children, three with HPFH and four with heterozygous 
B-thalassaemia’*. This patient was also heterozygous (+/—) for 
the Hinfl site'™'® located ~930 bp 5’ to the B gene (Fig. 1). Her 
husband was homozygous (+/+), and their three HPFH off- 
spring were homozygous (+/+), while their four B-thalassaemia 
offspring were heterozygous (+/—), indicating that the Hinfl 
polymorphic site is present on the HPFH chromosome of the 
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~ size-selected human DNA. General conditions for ligation, packag- 
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Fig. 1 Cloning of the cosmid carrying the HPFH determinant 
Three cosmids which carried the 39-kb KpnI fragment (see belov 
were examined for the presence of the polymorphic. Hinff s 
located 0.9 kb 5’ to the B gene. DNA (0.5 pg) from each of cosmids | 
cES2, cES3 and cES13 was digested with HinfI, fractionated on 
a 1.4% agarose gel, transferred to nitrocellulose”, and hybridized 
to a probe labelled with [a P]dCTP and [a> P] dTTP by nick. 
translation. The probe was a 1.8-kb BamHI fragment prepared 
from AHBG1 (ref. 27) which carries the 5’ portion of the 6 gen 
and 1.5 kb of upstream sequences as shown. K, B and H represent 
cleavage sites for KpnI, BamHI and Hinfl, respectively. The 
polymorphic. Hinfl site is shown in parentheses. The Hinfl sites 
which lie within the B gene are from ref. 28. The presence of the: 
HinfI site results in the detection of a 0.7-kb fragment (as well as 
several smaller fragments) on genomic hybridization experiments 
lack of the site results.in the detection of a 1.1-kb fragment. The 
Hinfl fragments of lower relative molecular mass are not retained - 
efficiently in these filter hybridization experiments. On the map of 
the gene cluster, expressed genes are shown as solid boxes and 
the pseudo gene is shown as an open box. For the £ gene, untrans- - 
lated regions, exons, or introns are represented by hatched, solid 

and open-areas, respectively. : 
Methods. DNA was isolated” from peripheral blood tymphocytes 
of a Greek HPFH/-thalassaemia compound heterozygote, and ` 
was digested to completion with KpnI as judged by the appearance 
of characteristic satellite bands derived from the KpnI repeat family 
on agarose gel electrophoresis*”. The 35-45-kb fraction was isolated 
from 5-20% NaCl velocity sedimentation gradients prepared in. 
0.01 M Tris-HCI pH 7.9, 2mM Na EDTA. Gradients were cen- 
trifuged for 5} hours at 35,000 r.p.m., 19°C, in the SW4E rotor. 
Cosmid vector arms were prepared from plasmid pHC79 (ref. 31): 
in which the BamHI site had been adapted to accept KpnI target 
fragments (R.G., unpublished). Vector arms having EcoR\--Kpnl . 
or Kpn]-Sall termini were ligated to target DNA at a 2:1 molar. 
ratio following a strategy designed to prevent formation of vector 

concatemers**. Over 5 x 10* colonies were obtained per 0.1 pg of 





ing, infection, plating, library screening, colony isolation; and 

preparation of cosmid DNA have been described elsewhere???" 

About, 120,000 unamplified colonies were screened with probes 
` derived from the ^y and ô genes. 
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--Fig,2 a, Sequence of the normal ^y gene. b, Sequence of the ^y 
gene from the ^y HPFH chromosome. Nucleotides —75 to —124 
(relative to the cap site) are shown. The 12-bp direct repeat sequen- 
es, which include the CCAAT boxes, are enclosed. The G to A 
transition at position —117 is marked by an arrow. 

lethods. The 2.5-kb BamHI fragment from cES2 which carries 
kb of 5’ flanking region and the first two exons of the Cy gene, 
dt the 2.6-kb EcoRI fragment from cES2 which carries most of 
the “y gene and 1,200 bp of 5’ flanking sequence, were subcloned 
“into Mi3mp18 (ref. 35). A set of deletions was generated with 
exonuclease IH and S, nuclease to facilitate sequence analysis”, 
and DNA sequences were determined by the chain termination 
- method of Sanger’’. Sequence data were derived for each strand 
independently in the promoter regions (residues —160 to +28) and 
from one strand in the other regions of the fragment. In the latter 
regions, most of the data were determined on two or more separate 
templates, sequencing reactions and autoradiograms. 


patient but absent from the thalassaemia chromosome. As the 
Hinfl site that distinguishes the two chromosomes is located 
~20 kilobase pairs (kb) 3’ to the y genes, construction of cosmids 
Was required to generate clones containing both the y genes 
and the polymorphic site. 

‘To retrieve a clone which included © y, ^y, ô and B genes on 
one DNA fragment, we took advantage of the fact that KpnI 
cleaves outside the °y- to B-gene region, yielding a fragment 
"39 kb'*3_ The KpnI map of the proband (Fig. 1) was confir- 
med by double digestion experiments which supported the suita- 
bility. of this strategy. Using proband DNA of high relative 
molecular mass, a cosmid library was prepared as described in 
Fig. 1 legend. Approximately 120,000 colonies were screened. 
Natural EcoRI fragments of 2.6kb and 2.25 kb which carry, 
respectively, portions of the ^y and 5 genes, were labelled and 
ed as probes for screening. Four positive colonies were iso- 
ated, three of which (cES2, cES3 and cES13) were studied in 
detail, cES2 and cES3 contained the Hinfl site linked to the 
HPFH phenotype; cES13 lacked this site and thus contained 
the thalassaemia locus (Fig. 1). 

e ^y and ° y genes of the HPFH chromosome were isolated 
from cES2 and sequenced, as was the “y gene from the non- 
IPFH chromosome (cosmid cES13). The data were compared 
base-by-base with the previously determined sequences 
6 20,21 and J. Slightom, personal communication) of the 
obin genes. Two variant sequences of y genes, defined as 
chromosomes A and B, have been described (ref. 20 and J. 
ithtom, personal communication). Both the °y and ^y genes 
om cES2 and the ^y gene from cES13 were of the B-chromo- 
some type. 

We sequenced 2,600 bp of the “y gene of the HPFH chromo- 
some, from z2 122 to +478; only one difference compared with 
the normal ©y gene was noted, a T->C substitution at position 
158. The normal ^y and Cy genes also differ from each other 
by a CT transition at this position”, suggesting that either 
pyrimidine will suffice for normal regulation of expression. 

_ We found two base differences in the 2,648 residues of the 
y gene sequence Ç —1,220 to +1,420) from the HPFH chromo- 
some: at —831 the ^y HPFH gene differs from the ^y gene of 
chromosome B by an extra A (an A in this position is the feature 
of chromosome A2') and at position —117, where the normal 
^y gene has a G, the ^y gene from the HPFH chromosome has 
A residue on the sense (or message) strand; this site lies 
within the distal CCAAT box of the “y gene (Fig. 2. The 
sequence of the promoter region (—150 to +28) of the “y gene 
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from the thalassaemia chrerhosone of the probandi is ‘identical 
to the B-type chromosome. Thus, the ^y (Greek) HPFH chromo- 
some studied carries a Gt to A transition at position —117 in the 
promoter region of the “y gene. An identical point mutation 
has been found by Collins et al” in an unrelated ^y HPFH 
individual. 

The functional consequences of the substitution reported here 
will remain speculative until efficient in vitro systems allowing 
analysis of the developmental control of the y-globin genes in 
erythroid cells become available. It is conceivable that our 
finding reflects a chance association of a DNA polymorphic site 
with the ^y HPFH phenotype. It is more likely, however, that 
there is a causative relationship between the substitution at 
position —117 of the ^y gene and the ^y HPFH phenotype; in 
support of this notion, transient expression assays suggest that 
the CCAAT box has a role in the control of globin gene transcrip- 
tion®*. It has also been shown that while single base mutations 
of residues —115 to —112 of the CCAAT box of the mouse 
B-major gene decrease transcription, mutations of residues —117 
and ~—116 increase enhancer-dependent transcription in 
transient assays (T. Maniatis, personal communication). 

Observations in non-deletion HPFH mutants may allow detec- 
tion of those elements of the globin genomic region that have 
arole in the developmental control of globin genes. Other studies 
have revealed substitutions at positions —202 or —196 of the y 
or “y genes in individuals who have inappropriate expression 
of these genes”**. Our results suggest that the CCAAT box is 
one of the elements which contribute to the developmental 
control of y-globin expression. 

We speculate that in adult erythroid cells, the CCAAT box 
region of the y genes is the binding site of a repressor; this 
results in the ‘turning-off’ of the y genes in the normal adult. 
A G >A substitution at —117 of the distal CCAAT box of the 

^y gene may inhibit the DNA-protein interaction, hence allow- 
ing the inappropriate expression of that gene in Greek “y HPFH. 
Alternatively, expression of the y genes may depend on binding 
of a positive trans-acting factor normally present in fetal cells. 
The substitution in Greek ^y HPFH may remove the require- 
ment for this interaction, enabling RNA polymerase to initiate 
at this site. This mutation would thus be analogous to the lacUV5 
mutation in Escherichia coli in which the requirement for the 
positively acting cap protein is lost” 

We thank J. Slightom for sharing results before publication, 
Haig Kazazian and Maria Mellis for determining the globin 
haplotypes of the proband, and E.S. and her family for their 
cooperation. This work was supported by NIH grant AM 31232. 
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Hereditary persistance of fetal haemoglobin (HPFH) is a benign 
condition characterized by the production in adulthood of more 
than 1% fetal haemoglobin (HbF, a,y,) in the absence of eryth- 
ropoietic stress’. Several genetic types have been discerned based 
on the level of HbF produced, the relative contributions of the 
duplicated fetal (“y and ^y) globin genes, and the presence or 
absence of deletions involving the 8 and ô genes in cis to the 
mutation”, Greek HPFH is a non-deletion variety in which 
heterozygotes produce 10-20% HbF, predominantly due to over- 
production of the *y chaint’. We have cloned a 40-kilobase (kb) 
region of the -globin cluster from a Greek HPFH allele and 
report here that a point mutation (G > A) occurs 117 base pairs 
(bp) 5’ to the cap site of the “y-globin gene, just upstream of the 
‘distal CCAAT sequence. The corresponding region of the Sy- 
globin gene is normal. We discuss the implications of this finding 
for the developmental regulation of globin gene expression. 

No homozygotes for Greek HPFH have been described. The 
individual studied here (I-3 in Fig. 1) is doubly heterozygous 
for Greek HPFH and £-thalassaemia and, as the pedigree 
indicates, the HPFH and 8-thalassaemia mutations are present 
in trans. In order to unequivocally define alleles in cloned DNA 
from such an individual, we used an approach described pre- 
viously'® to obtain cosmid clones bearing the 40-kb KpnI frag- 
ment which extends from 6 kb 5’ to the Sy gene to 3 kb 3’ to 
the 8 gene, thereby including Fy, ^y, YB, 5 and B-globin genes’. 
Seven cosmids were obtained, and no restriction site differences 
were found: in digests with more than 20 enzymes. Both the 
HPFH and B-thalassaemia alleles were haplotype I at the poly- 
morphic restriction sites described by Orkin, Kazazian and 
co-workers! !!?, 

The 5.0-kb Bglll fragments containing the B-globin genes 
were subcloned from the seven cosmids into the transient 
expression vector pLTN3, and transfected into monkey kidney 
(COS) cells'*. For three of the cosmids S, nuclease analysis 
and DNA sequencing revealed a previously undescribed point 
mutation at position 116 of intervening sequence | (IVS1) which 
creates an abnormal acceptor site and thus results in g 
thalassaemia (F.S.C., J.E.M., J.P., S.M.W. and B.G.F., in prepar- 
ation). The other four 8 genes produced normal amounts of 
normally spliced B-globin mRNA (Fig. 2) and had normal 8 
IVS1 sequences, thus these four cosmids were derived from the 
Greek HPFH allele. 

Because the overproduction of HbF in this condition is 
primarily due to “y globin, we focused our sequencing efforts 
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ff Greek HPFH 
O £- thalassaemia trait 


Fig. i Pedigree of the Greek HPFH family, originally described 
in ref. 4. Individual I-3, who is doubly heterozygous for Greek 


HPFH and 8 thalassaemia, was the source of DNA for cosmid: 
cloning. ee 


C K-i H-2 





Fig.2 S, nuclease analysis of B-globin mRNA transcripts from 
a normal B-globin gene (C) and two representative clones derived 
from the Greek HPFH f-globin gene (H-1 and H-2). The 5.0-kb 
Bglll B fragments were cloned into the SV40 enhancer-containing. 
expression vector pLTN3 (ref. 13). Transfection of monkey kidney. 
COS cells, preparation of cytoplasmic mRNA and S, nuclease 
analysis were performed essentially as described previously”*. The 
S, probe was a 1,9-kb. BamHI genomic £ fragment labelled at its 
5’ end, which gives rise to a 209-bp fragment (corresponding to 
exon 2) when hybridized with B-globin mRNA”. The amount of | 
8-globin mRNA produced from the Greek HPFH £ genes (H-1 
and H-2) is not reduced relative to that produced from a control’ 
gene (C), even though in vivo there is probably reduced 8-globin 
synthesis in heterozygotes for Greek HPFH’. As a control for. 
transfection efficiency, nuclear DNA was also prepared from trans- 
fected cells and dot-blotted”? with a 8 probe (the purified 4.4-kb 
PstI genomic fragment); the amounts of 8-specific nuclear DNA: 
were essentially the same in all three samples (data not shown), 


on the ĉy promoter region. The 7.5-kb © y and 3.5-kb ^y Hindll 
fragments were subcloned into plasmid pBR322, then furthe: 
subcloned into the phage Mi3mp8 and sequenced by the 
dideoxy method’. The y gene from —141 to +289 (relative t 
the cap site) had a sequence identical to that of the norma 
‘chromosome B’ allele (refs 16,17 and J. Slightom, persona 
communication). The “y gene, sequenced from —486 to +578 
was identical to chromosome B except for a G > A point differ. 
ence at —117, just two bases 5’ to the distal CCAAT sequence 
(Fig. 3). Another individual with Greek HPFH not known to- 
be related to our patient has been found to carry the same point | 
mutation. 
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Fig.3 A point mutation in the ^y-globin gene promoter (117 bp 
5’ to the cap site) in Greek HPFH. The G > A change occurs just 
§' to the distal CCAAT box. Both CCAAT sequences are under- 
“lined. The point mutation occurs in an 8-bp sequence (marked by 
dotted lines above the sequence) that is repeated on either side of 
the distal CCAAT. The last 6 bp of this are repeated again just 
before the proximal CCAAT, as part of the longer duplicated 
‘segment which results in the pair of CCAAT regions. There is also 
ca 13-bp perfect palindrome (dashed line) between the CCAAT 
boxes, the significance of which is unknown. 


The identification of this point mutation does not, of course, 
prove that it is the cause of the “y-globin overproduction in 
‘Greek HPFH; the possibility that this represents a polymorphic 
lifference with no functional consequences cannot be excluded 
t present. However, a comparison of globin gene promoters”? 
shows that the sequence YYTTGA (where Y= pyrimidine) 
immediately precedes the CCAAT box in all functioning descen- 
dants of the ‘proto-e’ and ‘proto-y’ genes”° in man, goat, rabbit 
nd mouse. The adult B-globin genes usually have a G residue 
just. 5° to CCAAT, but in adult genes this region appears other- 
se unconstrained. Conservation of this six-base sequence in 
mbryonic and fetal genes over ~200 Myr of evolutionary 
me!” implies functional significance. 

Superficially, it seems surprising that the —117 mutation does 
ot result in reduced, rather than increased, expression of the 
‘y-globin gene. Analysis of the rabbit B-globin gene promoter 
yy sequential deletions and site-directed mutagenesis has shown 
hat deletions or single base changes involving the CCAAT 
quence itself result in decreased transcriptional efficiency of 
is gene when introduced in a polyoma or simian virus 40 
V40) viral vector into mouse or human non-erythroid cells??? 
imilarly, mutations within the CCAAT sequence of the mouse 
«major gene reduce its expression in HeLa cells. Remarkably, 
lowever, a G to A mutation 2 bp 5S’ to the CCAAT box (a base 
hange identical to that reported here in the human “y gene) 
sults in a twofold increase in transcription of the mouse 
3-major gene (R. Myers and T. Maniatis, personal communica- 
ion). It is possible, therefore, that the —117 mutation in the 
-globin gene increases the efficiency of the promoter element 
n adult erythroid cells. 

Note, however, that the CCAAT region is not always an 
essential positive regulatory element; deletion of the CCAAT 
egion of the sea urchin H2A gene increases its expression in 
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Xenopus oocytes, and some promoters, most notably that of 
the well-studied herpes simplex thymidine kinase gene, lack a 
CCAAT element altogether”. It is conceivable that in some 
situations the CCAAT region is involved in differential control 
of gene expression. The —117 “y-gene mutation could reduce 
the effectiveness of this region as a normally negative promoter 
element in adult erythroid cells. Alternatively, the two CCAAT 
boxes may be involved in competitive inhibition, so that inactiva- 
tion of the distal one leads to more effective use of the proximal 
one. In fact, removal of all or part of one of the two CCAAT 
sequences results in a 1.5 to 4 fold increase in expression of 
y-globin genes in gene transfer experiments using HeLa cells”? 

At least two characteristics of the Greek HPFH phenotype 
remain unexplained: (1) while the -globin genes from the 
Greek HPFH cosmids function normally in a transient 
expression system (Fig. 2), there is evidence that in vivo B-globin 
gene expression is moderately reduced in cis to the HPFH 
mutation’, implying some sort of ‘cross-talk’ between y and B 
genes, perhaps involving unknown mechanisms regulating the 
maximum total output of the non-a-globin genes from a given 
chromosome. This reciprocal relationship between y- and B- 
globin accumulation also occurs in vivo during the normal fetal 
to adult globin switch?* and in F cells in normal adults, which 
have proportionately less 8 globin than non-F cells*'. (2) There 
is reasonably good evidence in vivo®, and considerable evidence 
from cultured colonies derived from erythroid burst-forming 
units (BFU-E)*, that the Cy-globin gene (presumably in cis, 
though a trans effect has not been excluded) is also moderately 
overexpressed in Greek HPFH. This could be attributed possibly 
to proximity to the mutant “y gene; in somatic cells co-trans- 
fected with a globin gene and a thymidine kinase gene, for 
example, co-expression and co-repression occur even though 
the genes are up to 20 kb apart”®. 

Recently, we have postulated the existence of regulatory 
sequences in the —200 region of the human y-globin genes, 
based ona point mutation found at position —202 of the overex- 
pressed ° y gene in ©y8* HPFH”°. In support of this hypothesis, 
a southern Italian with a phenotype similar to Greek HPFH has 
been found to carry a point mutation at —196 of the ^y gene” 
Whether the —117 mutation described here is part of the same 
regulatory element as these, or a separate one, is unknown. All 
of these observations, however, point to the involvement of 
sequences 5’ to the y-globin genes in haemoglobin switching, 
perhaps by their interaction with a trans-acting repressor sub- 
stance which is developmentally regulated. 
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Newman and Julia Wang for technical assistance. These studies 
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and the Charles E. Culpepper Foundation. 


13. Humphries, R. K., Ley, T., Turner, P., Moulton, A. D. & Nienhuis, A. W. Cell 30, 173-183 
{1982}. 

14. Berk, A. J. & Sharp, P. A. Celi 12, 721-732 (1977). 

15. Godson, G. N. in Methods of DNA and RNA Sequencing (ed. Weissman, §. M.) 69-111 
{Praeger, New York, 1983}. 

16. Slightom, J. L., Blechi, A. E. & Smithies, O. Cell 21, 627-638 (1980). 

17. Shen, S.-H. Slightom, J. L. & Smithies, O. Cell 26, 191-203. (1981). 

18. Gelinas, R. & Stamatoyannopoulos, G. Nature (this issue). 

19. Hardison, R. C. J. biol Chem. 258, 8739-8744 (1983). 

20. Hardies, S. C., Edgell, M. H. & Hutchison, C. A. J biol Chem. 259, 3748-3756 (1984). 

21. Grosveld, G. C., de Boer, E., Shewmaker, C. K. & Flavell, R. A. Nature 295, 120-126 (1982). 

22. Dierks, P. et al Cell 32, 695-706 (1983). 

23. Grosschedl, R. & Birnstiel, M. L. Proc. natn. Acad. Sei U.S.A. 77, 1432-1436 (1980). 

24. McKnight, S. L. & Kingsbury, R. Science 247, 316-325 (1982). 

25. Weatherall, D.J., Pembrey, M. E. & Pritchard, J. Clin, Haemat. 3, 467-508 (1974). 

26. Roginski, R. S. et al Cell 35, 149-155 (1983). 

27. Giglioni, B. et al. EMBO J. 3, 2641-2646 (1984). 

28. Takeshita, K., Forget, B. G., Scarpa, A. & Benz, E. J. Blood 64, 13-22 (1984). 

29. Thomas, P. S. Proc. natn. Acad. Sei. ULSA. 77, 5201-5205 (1980). 

30. Anagnou, B. P. et al Blood 64 (Suppl. 1): 61a (1984). 

31. Dover, G. J. & Boyer, $. H. Blood 64 (Suppl. 1): 61a (1984). 























New research results, the very latest international science 
news, key papers by the world’s leading scientists and 
speed of publication ensure Nature remains one of 
the foremost weekly scientific journals in the world. na 

But if you’re tied in to a circulation list 
at work, all this vital weekly information will 
undoubtedly reach you late, often incomplet 
and sometimes not at all. 

With your own personal copy, you solve 
the problem. Every week you'll have all the 
latest research results and science news in your 
hands within days of publication: 

News reports from throughout the world of 
science and technology. 

_| A News and Views section, where new ideas are 
-| analysed and discussed by leading researchers. 


Articles and Letters in which key investigators 
disclose their work for the first time. i 
























on a wide variety of recent publications. 


Product Reviews — Detailed descriptions of laboratory | 
equipment newly available. 


Classified Advertisements for a wide variety of positions 


Account No. 
l Card Expiry Date. 


Subscribe now —at Half Price 


me a personal subscriber now 
and you will receive a discount of 
50% off the full rate. 


All 51 weekly issues will 
be delivered to the address of | 
_ your choice. You can start your 
/ annual subscription with any issu 
you choose. And you will receive 
six bi-monthly author indexes, - 
together with the annual index of 
subject and author. 

All this for just 96p a week. 
Place your order now and make certain 
that you receive the scientific news and. 
research results crucial to your work: 
(ge when you want them. 

~ -p irti 
Book Reviews Eminent figures offerespertjudgments a n an EE 
[C] I enclose my personal cheque for £49.00 made payable to Nature 


Special Issues providing an in-depth treatment of topics (Note: Institutional cheques cannot be accepted at this special r: ate) 
of importance. I [C] Please charge to my credit card account. z 
Access/American Express/ Visa/Diners Club. 














all over the world. | Signature 
You will no longer be dependent upon other people | Name 

passing down the ‘list’ copy, and because you will Adärs 

automatically receive every issue, you won’t risk missing i 








a single copy through absence from work. Moreover, you l 
keep all this key information for permanent reference. 


-= issue in your subscription year. 





z: Nature 





Circle No.40 on Reader Service Cara 






























Please return this form t 
Circulation Manager 
Nature 
Brunel Road, Houndmills | 
Basingstoke cole 
Hants RG21 2XS 
This offer applies to UK 
and North Americaonly. 000 
Please allow approximately. - 

4 weeks for delivery of the first 



































orn 
Of Molecular 
Evolution 


Editor-in-Chief: Emile Zuckerkandl 

































_A special issue 


As the times change, the Journal of Molecular Evolution changes with 
«them. Research in molecular biology promises new breakthroughs in 
our understanding of evolution, as these investigators use recombinant 
DNA methods and DNA sequencing to discover important patterns at 
‘Ahe level of the genes, 

{s-editorial board renewed and expanded to reflect these developments, 
the Journal of Molecular Evolution is now becoming a forum for impor- 
ant findings in molecular biology and their evolutionary implications. 
‘he journal will continue to serve as a leading vehicle for contributions 
a broad range of subfields, including prebiotic chemistry and origin of 
life, comparative protein sequencing, phylogenetic relationships 
between informational macromolecules and molecular evolutionary 
“rates, relationships between molecular evolution and evolution at higher 
“devels of biological integration, such as the organismal and population 
levels, with special emphasis on speciation, microevolution, and macro- 
evolution, In addition to its more traditional, interdisciplinary approach, 
the journal will present papers on topics in molecular biology including: 
kenetie fine structure 

genomic fluidity 

~= multigene families 

“= mutational processes 

‘egulation of gene expression and molecular aspects of development 
trarismissal of genetic information 

= molecular population genetics 

~ experimental molecular evolution. 

inorder to underscore this new editorial emphasis, the editors have 
prepared a special issue of the journal devoted to the evolutionary 
aspects of molecular biology. Among the papers presented in this issue 
are: 

ŠA Johnson, EH. Davidson, R.J. Britten: Insertion of a Short Repetitive 
Sequence (D881) in a Sea Urchin Gene: A Typical Interspersed 
Repeat? 

P: Gunning, T. Mohun, S.-Y. Ng, P. Ponte, L. Kedes: Evolution of the 
uman Sarcomeric-Actin Genes: Evidence for Units of Selection 
Within the Y Untranslated Regions of the mRNAs 

N Yager d F Kaumever, ES. Weinberg: Evolving Sea Urchin Histone 
Genes = Nucleotide Polymorphisms in the H4 Gene and Spacers of 
trongylocentrotus purpuratus 

WoConnor, J. Mezquita, RJ. Winkfein, J.C. States, G. H, Dixon: Organiza- 
tonofihe Histone Genes in the Rainbow Trout (Salmo gairdnerii) 
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Evolution and Eukaryotic Molecular Biology 
Edited by: A. Efstradiadis, New York, T.H. Jukes, Oakland: F.Kafatos, Cambridge; L.H.Kedes, Pala Alto. 


W. Connor, d. C. States, J. Mezquita, G. H. Dixon: Organization and 
Nucleotide Sequence of Rainbow Trout Histone H2A and H3 Genes 
E. M. Meyerowitz, C. H. Martin: Adjacent Chromosomal Regions Can 
Evolve at Very Different Rates: Evolution of the Drosophila 68C Glue 
Gene Cluster 

G.C. Rodakis, R. Lecanidou, T. H, Eickbush: Diversity in a Chorion Multi- 
gene Family Created by Tandem Duplication and a Putative Gene ~ 
Conversion Event 

T.Ohta: Population Genetics Theory of Concerted Evolution and its 
Application to the Immunoglobulin V Gene Tree 

J. Pustell, F.C. Kafatos, U. Wabus, H. Bäumtein: Balbiani Ring DNA: 
Sequence Comparisons and Evolutionary History of a Family of 
Hierarchically Repetitive Protein-Coding Genes 

S.J. Hamodrakas, F.C. Kafatos; Structural Implications of Primary 
Sequences from a Family of Balbiani Ring-Encoded Proteins in Chiro- 
nomus 

L. Weistander, C. Höög, /.-O. Höög, H.Jörnvall, U. Lendahl, B. Danehott: 
Conserved and Non-Conserved Structures in the Secretory Proteins 
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Living with penicillin 





Jean Medawar 





Howard Florey: Penicillin and After. By Trevor I. Williams. 
Oxford University Press: 1984. Pp. 404. £17.50, $25. 





FEW scientists lead lives multifarious 
enough to support the structure of more 
than one serious biography within a few 
years of their death. Howard Florey died in 
1968. Within 16 years the Royal Society's 
Biographical Memoir, Gwyn Macfarlane’s 
fascinating biography (Howard Florey: 
The Making of a Great Scientist), an 
Australian life of Florey for general readers 
and, most recently, Trevor Williams’s 
book have all been published — and no 
wonder to anyone who knew him. 

Many readers of Macfarlane’s book put 
it down with a feeling that they would 
recognize Florey if he walked into the 
room, that they had acquired a grasp of his 
career and stature. So why should there be 
any need for another? I started Trevor 
Williams’s book with a ‘‘more of the 
same’’ feeling, but I lost it pretty soon, 
because the two books study different as- 
pects of Florey’s life and in different depth. 

On inspecting the Florey archives at the 
Royal Society, Macfarlane realized that, 
for him, a full-scale biography was out of 
the question. So he wrote in detail about 
Florey’s development as a scientist, up to 
the climax of the penicillin work in 1942, 
and condensed his subsequent career into 
-an epilogue. Trevor Williams embarked 
upon Howard Florey: Penicillin and After 
to do justice to every facet of Florey’s life 
and to complement Macfarlane’s account, 
which he does, with thoroughness. His 
book makes it clear that Florey would be 
classed as a great man even if he had not 
rediscovered penicillin — by his peers, 
though not by the public. By 1944 when 
penicillin vials were rolling off the 
production. line at Pfizer, faster than 
anyone could count, he had a quarter of a 
century still to go; in that time he travelled, 
in: the train of penicillin, to America, 
Russia and Australia, laid the foundations 
of the Australian National University, was 
invited to assume and turned down the 
position of its director, was involved in the 
development of cephalosporin in his 
laboratory, became an extremely influ- 
ential President of the Royal Society and 
Provost of Queen’s College Oxford. He 
did all this without the support of either 
good health or the relaxation of 
domesticity. 

Trevor Williams writes as a professional 
scientist. He worked in Florey’s laboratory 
during the War, and was encouraged and 
helped in the writing of his book by 
Margaret Jennings, an important member 
of Florey’s penicillin team, whom Florey 
married in 1967. A general reader may find 
that he is told more than he wants to know 





about the chemical procedures that went 
into the early production of penicillin in the 
pathology laboratories at Oxford; but the 
story is powerful enough to sweep any 
reader forward over the details. 

The book is crammed with absorbing 
stories which take up more than half of the 
pages. Fleming’s first observation of 
penicillin as an antibiotic, Florey’s hunch 
that Fleming’s ten-year-old observation 
was worth following up, and Florey’s 
indomitable pursuit of penicillin against 
dispiriting difficulties (in 1939 the Medical 
Research Council gave him only £25 for his 
proposed study of microbial antagonism). 
Of events that followed, the story that the 
Americans ‘‘stole’’ penicillin from the 
British needs to be retold. The accusations 
began around 1944; the complaint was that 
the British penicillin team had not patented 
their discovery ‘‘because in the medical 
field this was unethical’’. When the United 
States came into the war in 1941, the British 
freely handed over all they knew about the 
production and use of the drug, and the 
whole business was turned over to the 
Merck, Squibb and Pfizer companies. 
These companies produced quantities of 
penicillin by deep (as opposed to British 
surface) culture, and patented the process. 
So, after the War, British firms employing 
the deep technique had to pay royalties to 
the American firms. 

John T. Connor, formerly the General 
Counsel of the United States Office of 
Scientific Research and Development, was 
asked to undertake a detailed enquiry into 
the matter. His 12-page report appeared in 
October 1952 and the summary of his con- 
clusions, quoted on p. 311 of Williams’s 
book, was uncompromising: 


Only a misunderstanding of scientific research 
procedures, of patent law, of the facts and 
understandings surrounding the collaborative 
development of penicillin from an academic dis- 
covery to large scale commercial production, 
and of the parts played by the Americans and the 
British . . . could lead people of good will to 
say that America ‘stole’ penicillin from the British. 


Florey (right) in cheerful mood on the eightieth birthday of his old friend Paul Fildes in 1962. 

























































He concluded that the complicated :stor 
was not a simple one of theft, but was: 
“happy example of Anglo-American col 
laboration’’. 

In addition to stories, the book provides 
a compelling study of the interaction 
between character and opportunity 
science, and the influence of luck o han 
on both, The theme of ch 
particular, runs thread-like t rough t 
pages. 

y Fleming had not left an unine ba ed 


growth of both bacteria and th -COR 
inating mould, if Fleming’ s mind had n: 
been prepared to recognize what he saw oi 
his return, penicillin might not have been 
discovered as an antibiotic for year 
Again, if the techniques for extracting 
penicillin in 1929 had not been so com 
cated, Fleming might have gone on ti 
what Florey later succeeded in do 
Then, in 1935, if Sir Edward Mellanby had 
not arrived to turn the tide of opinion int 
committee selecting the new Professor of 
Pathology at Oxford (his train was two 
hours late and the committee had almost 
decided in favour of another candidat 
Florey would not have been in charge of 
splendid laboratories, attracting a splendi 
crew, ready to take on the study of 
penicillin. 
In retrospect, it seems inevitable th 
Fleming and Florey should have react: 
events as they did. Fleming’s mind. w 
open to recognize what he saw in 1929, but 
his enthusiasm for developing its possi 
ity was minimal. In later life he let it be 
known that only lack of resources had 
stood in his way, but by then adulation m 
have deceived him. He certainly seems to 
have inhaled deeply the flattery of t 
Fleming myth. By contrast Florey’ s 
enthusiasm and determination moved 
mountains and his dislike of publicity w; 
largely the reason that his name is still 
properly connected with penicillin, I think 
Florey would have liked Dr Williams 
book, and I cannot give a bett 
recommendation than that. 
I can add only a small point and a small 
anecdote. Florey foresaw that the lifi 
saving effect of antibiotics would massively 
increase the population of the world, and 
did what he could to draw attention tothe 
danger. When I invited him to become 
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esident of the Family Planning 
ation he accepted, saying rather 
ly (as I was told) “I can refuse her 
ing’’ — because I had been able to help 
he first Lady Florey when she was ill; but 
everyone knew that if he had not approved, 
e would have refused. He also set up the 
Royal Society’s Group on Population, 
jointly with the United States Academy 
af Sciences, and the group educated many 
f its august members. 
As Trevor Williams describes, Florey 
yas very good at welding the work of a 
esearch team. Male and female and 
ouriger and older members were all called 


































brom Howard Horey: Penicillin and After, 


‘he Nobel Laureate line up, 10 December 1945. 
Flanking Ernst Chain (centre) are Florey (on 
hain’s left) and Fleming. 

Geheimerat, and given a chance to improve 
heir education, I was once called in to help 
nan operation to obtain pure lymphocytes 
tom the thoracic duct of a rabbit. Several 
‘ge veins had to be dissected and tied off 
make a small chamber from which the 
ymph could be collected. Professor R.D. 
Wright was doing the surgery when his 
scalpel slipped, flooding the field with 
carlet. He looked up and drawled, as if to 
xplain a sort of simian clumsiness, ‘‘In 
stralia ... they call me Panzee Wright” 
ot ‘‘Pansy’’, as recorded by Dr Williams; 
hat nickname would have been quite 
nappropriate). 

-Itis a pity that in spite of all that has been 
written about Fleming, Florey and penicil- 
in, the true story has not yet trickled down 
o common knowledge. Recently I asked 
he headmaster of a very good preparatory 
school if he knew much about Lord Florey. 
He apologized for not knowing the name, 
because he was ‘‘not scientifically 
rained”. Then I asked two boys, one 12, 
ne 16, at different schools, what they 
‘knew. about penicillin. “Oh yes”, they 
both said, ‘‘it was discovered by Fleming’’; 
‘Alexander, not lan” the younger one 
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“During 1937 Jean Medawar worked on a BSc 
thesis in the Dunn School of Pathology, Oxford, 
under the supervision of Florey. With P.B. 
< Medawar she is author of Aristotle to Zoos: A 
‘Philosophical Dictionary of Biology, published 














Dispatched from the 
trenches 
Steve Blinkhorn 


Perspectives on Bias in Mental Testing. 


Edited by Cecil R. Reynolds and 
Robert T. Brown. 
Plenum: 1984. Pp.608. $60, £47.50. 


PUBLIC policy and academic debate, in 
tackling the same issue, leave tangled 
skeins of consequence whose unravelling is 
best left to history. Here we have a case in 
point. No serious challenge now remains to 
the proposition that, with few and unim- 
portant exceptions, mental tests are not 
biased against social and ethnic minority 
groups as a necessary consequence of their 
methods of construction. The evidence for 
this assertion is to be found in this collec- 
tion of extended essays — and as much in 
what is lacking in the claims put forward by 
those contributors whose concern is 
primarily for the interests of the minority 
groups, as in the strength of the arguments 
adduced by the defenders of the tests. Yet, 
in all likelihood, courts will continue to 
pronounce inconsistently; educational 
policy and practice will continue to develop 
as though it had been demonstrated that a 
pernicious racial and class bias necessarily 
lies at the heart of the very methods which 
have shown themselves least susceptible to 
manipulation by the affluent white middle 
class. 

Five years ago such a point of view would 
have seemed at least eccentric, at worst 
deliberately inflammatory. What has 
changed? The publication of Arthur 
Jensen’s Bias in Mental Testing in 1980 was 
most certainly a turning point, not so much 
because of the quality of the work (even the 
most favourable reviews expressed reserva- 
tions) as because it provided a focal point 
for debate. Jensen, who is also a contribu- 
tor to this book, is not one to write ten 
words when a hundred will do, nor is he 
above lecturing his audience as though they 
were indolent sophomores. In consequence 
he presented a large, slow-moving target, 
and those of us who appreciated his enter- 
prise whilst not always being totally con- 
vinced of his motives sat back and waited 
for the flak to start. 

Flak there has been, but oh how lacking 
in aim and quality. Critics, here and 
elsewhere, have written as though Jensen 
had meretriciously selected and culled the 
research literature to support his point of 
view, but they have signally failed to 
document the extensive body of contra- 
dictory evidence which, one would suppose 
from the tenor of their arguments, must 
exist. There is sufficient eccentricity in 
Jensen’s view of the technicalities of 
psychometrics to reveal chinks in his 
statistical armour, but the critics aim four- 
square at solid steel plate. Indeed, from the 
example of one interpretation of statistics 








presented here one must allow that Jensen 
has not under-estimated his critical 
audience. To read a scientist (even a social 
scientist) interpreting the difference 
between a statistically significant result in 
one group and a non-significant result in 
another as of itself necessarily significant is 
not edifying. The suggestion that 
thereafter post hoc comparisons should be 
made as if they had been planned and the 
results interpreted accordingly does 
nothing to repair the damage. 

Furthermore, labouring quietly but 
effectively in the unsung fields of industrial 
psychology, Messrs Hunter and Schmidt 
have in the book performed an invaluable 
function. Put quite simply, they have 
shown that such differences as exist be- 
tween groups in the regression of criterion 
performance on test scores are attributable 
overwhelmingly to intercept differences. 
Insofar as there is a difference, the prob- 
lem is not that tests under-predict the 
performance of blacks (and in general the 
minority group in question is North 
American blacks), but that they over- 
predict it. In other words, in predictive 
terms, there is an argument for saying that 
tests are biased against whites. This book is 
worth its cover price for the cool exposition 
of this line of work, and for the con- 
comitant examination of possible ethical 
positions with regard to the application of 
psychometric tests for practical purposes. 

Sandwiched between Hunter and 
Schmidt’s initial chapter and Jensen’s 
closing commentary on the contents is a 
pot-pourri of contributions of varying 
degrees of enterprise, vigour, self-cons- 
ciousness, competence, irrelevance, 
tedium, teasing possibility and sheer 
length. Most are attractive in some degree, 
and all breathe honest conviction. Unfor- 
tunately breathing conviction is not always 
the same as carrying conviction. 

For instance, in an elegant and almost 
captivating experiment with rats, 
Harrington demonstrates that what the 
textbooks say is involved in developing a 
psychometric test will, when applied to 
maze-learning in rats, most likely give rise 
to a test which favours the strain of rat on 
which it has been developed. In practice, 
results with human subjects are not con- 
gruent with those from the rat model. (The 
question as to whether what test con- 
structors actually do is fairly represented 
by what the textbooks say they do is 
another matter altogether.) Most notably 
there is now an accumulation of evidence 
that ethnic Chinese and Japanese have 
higher mean scores on conventional tests 
developed by Europeans and Americans 
than do Europeans and Americans them- 
selves. The quality of these data is some- 
what variable but, taken together with 
other group mean data, it is clear that being 
white and middle-class does not guarantee 
a place at the top of the IQ heap. 

Six hundred or so pages on one is left 
with a feeling of unsatisfied curiosity, 
almost as if one had been present ata debate: 
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in a group whose interests, social conven- 
tions and special vocabulary one did not 
share. What actually is going on? Not so 
much a discussion concerning bias in 
mental testing, more an attempt to work 
through some of the difficulties arising 
from the custom of classifying both oneself 
and others as belonging to a specific racial 
group, and most particularly the consequ- 
ences in the United States. Sex and social 
class differences don’t even merit entries in 
the index. Of course it is clear why racial 
differences, particularly when group mem- 
bership can be imputed on cursory inspec- 
tion of the face, have dominated the 
argument. But when arguments run dry 
and the evidence on either side gets thin, 
prejudices surface in the description of 
inconclusive data by all sides in the debate. 
It is difficult to shake off the impression 
that with few exceptions pro- and anti-test 
contributors alike seek support from 
research for positions they would hold to 
regardless of the evidence. The fact that at 
present the weight of evidence is firmly on 
the side of the hypothesis of no bias does 
not dispose of a sense of unease about why 
these authors take such an interest in the 
question of racial differences in the first 


place. One scarcely wants to see ethnic 
origin as the principal defining character- 
istic of one’s fellows. 

Invariably linked with the test bias 
issue, although for no good logical reason, 
is the question of the heritability of IQ. It is 
to be regretted that a slippery slope of un- 
reason leads from the affirmation of no test 
bias to the assumption that IQ differences 
across races are fixed genetically and not 
susceptible to modification, and thence to 
the conclusion that blacks are an inferior 
breed. It is surely incumbent on those 
whose reputations rest on their publica- 
tions in this field to signpost very carefully 
and clearly the limits of the arguments they 
put forward. Equally, those who continue 
to assert the presence of bias should clearly 
state whether it is only ethnic groups which 
must, a priori, have equal mean scores on 
tests, or whether all group memberships are 
necessarily random with respect to IQ. 

One can only welcome the appearance of 
this book: how many will have the stamina 
to read it all is another matter, O 





Steve Blinkhorn is Director of the Psychometric 
Research Unit at Hatfield Polytechnic, 
Hertfordshire. 





Standard physics 
C.J.S. Clarke 
Supermanifolds. By Bryce DeWitt. 


Cambridge University Press: 1984. 
Pp.316. £35, $59.50. 








THE main difficulty in reviewing this book 
was fending off colleagues and students 
trying to get their hands on it. For, 
although supermanifolds have played a 
large part in theoretical physics over the 
past few years (and are predominant in 
modern theories of quantum gravity), this 
is the first textbook to be devoted to the 
subject. Having been circulated in part as 
dog-eared photocopies for some time, the 
finished:version has been eagerly awaited. 

The book begins inauspiciously, how- 
ever. There are now five essentially 
different definitions of supermanifolds on 
the market (those of Kostant, Rogers, 
Jadzyck-Pilch, Batchelor and DeWitt). A 
few conjectures and theorems link them, 
but they differ in the choice of the 
definition of ‘‘differentiable’’ when 
applied to functions taking values in a 
Super-Euclidean space made up of both 
commuting and anticommuting coord- 
inates. Here, although some of the other 
contenders are given a passing reference, 
there is nothing to suggest to the reader 
initially that there could be any alternative 
to DeWitt’s own theory. Differentiability 
is swept away on p. 3 where the author first 
asserts that his basic (infinite dimensional) 
vector space has neither norm nor top- 
ology, and then proceeds to differentiate 
functions on it! 














But this problem in no way detracts from 
the excellence of the subsequent exposition 
of the geometry of supermanifolds. All the 
properties with which workers in general 
relativity are familiar, including con- 
nections, geodesics and curvature, are 
dealt with for supermanifolds in a strongly 
geometric spirit, using a very efficient 
notation. Super-Lie groups are given a 
most thorough treatment, including spec- 
ification of the analogues of the classical 
Lie groups. The book ends with a 
discussion of physical applications to 
Bose—Fermi-interchanging symmetries. 
Here some might harbour mathematical 
doubts as to the propriety of some of the 
manipulations of path-integrals, but in 
comparison with the standards of math- 
ematical validity prevailing in much of 
theoretical physics today DeWitt’s 
treatment looks positively rigorous, 

In the scope of its geometric 
development, DeWitt’s analysis goes well 
beyond that of the other theories men- 
tioned above. And at the level of basic 
structure there are several interesting 
additions not found in the mathematical 
literature, such as the stress on the use of 
complex super-vector spaces having a 
conjugate-linear automorphism, and the 
systematic use of super-Hilbert space for 
quantum mechanics. 

Each chapter contains a set of exercises, 
making it possible to use the work as a self- 
contained graduate text. Supermanifolds 
is destined to become the standard work 
for all serious study of super-symmetric 
theories of physics. g 





C.J.S. Clarke is a Lecturer in the Department of 
Mathematics at the University of York. 








Something missing 
George Efstathiou 








The Hidden Universe. 

By Michael Disney. 
Dent/Macmillan, New York: 1984, 
Pp. 216, £10.95, 316.95. 





IT was about time that a popular book 
appeared on the ‘‘missing-mass”’ problem. 
There is now considerable evidence: th 
more than 90% of the mass of the Universe 
is invisible, but nobody knows what this 
dark stuff is made of. Is it dead stars, low- 
mass ‘‘stars’’ which never ignited, hot gas, 
black holes or perhaps elementary particles 
such as neutrinos? 

Michael Disney explores all of. these 
possibilities, summarizing the various 
Observational limits and theoretic. 
arguments which have narrowed the ra 
of acceptable candidates, But in my vi 
fails to convey the great sense of excitemen 
and the rapid progress that have characte 
ized recent years. For example, current 
observations imply that the average density 
in the Universe is about a tenth of ‘the 
critical density predicted by Einstein’s 
General Theory of Relativity. Isn’t it 
possible that undetected dark matter can 
make up the difference? This is certain 
Disney’s view, but it is given additio! i 
respectability by new theories of the eg 
Universe — the so-called inflationar 
models. It is a shame that these are onl 
briefly mentioned in the last few pages o 
the book. 

Moreover, the discussion of particle 
theories and their impact on modern cos- 
mology is far too scant. Disney gives the 
impression that nearly all the proposed 
candidates suffer from some weakness añd 
that we should consider more radical 
alternatives, such as abandoning Newton- 
ian gravity. However, some of his theo- 
retical arguments are either weak or wron 
For example, Disney argues that massive 
neutrinos would cluster strongly around 
galaxies, but he ignores phase- space 
restrictions and the fact that neutrino 
fluctuations are damped on galactic scales. 
Further, many exotic forms of dark matter, 
such as gravitinos, photinos and axions, 
are not even mentioned. 

Of course it is all too easy to criticize, 
The author has clearly spent a great deal of 
time in carefully constructing analogies to 
explain complex points to the layman; the 
sections on stellar evolution ar 
particularly clear. Disney presents a good 
picture of modern observational 
cosmology — the difficulties, th 
uncertainties and the controversies — and 
if some of the more glaring errors.an 
omissions were corrected this would bean 
excellent book. E 





George Efstathiou is an Assistant Director of. 
Research at the Institute of Astrononty, 
University af Cambridge. 














































aming names 
among the yeasts 





è Yeasts: A Taxonomic Study, 

3rd Edn. 

Edited by N.J.W. Kreger-van Rij. 
Elsevier Science: 1984. Pp. 1,082. $173, 





‘THE 16 contributors to this book are 
among those who know most about yeast 
taxonomy today. So they are well qualified 
‘for the primary aim of the work (p. vi), 
namely, to present and discuss the 
classification of this immensely important 
group of fungi. 
.. Praise should be given to the excellent 
descriptions with drawings of the sexual 
tes of the teliospore-forming yeasts 
ridiobolus, Rhodosporidium and 
ticosporidium. The descriptions are 
specially valuable as these states are 
difficult to observe. 
< There are some clear and helpful 
explanations of why certain yeast names 
have been changed or alternative names 
preferred. For example (p.315), Kurtzman 
‘retains Pichia burtonii and has not put 
this yeast in either Hyphopichia or 
ccharomycopsis, as has been proposed, 
i) because the simple closure line of the 
yphal septa is typical of other mycelial 
chia species and (ii) with the removal of 
accharomycopsis lipolytica to the genus 
rrowia, all remaining Saccharomycopsis 
ecies have septa with plasmodesmata. It 
is, incidentally, very odd indeed that 
arrowia, although published as long ago 
as 1980, is not discussed in the book. 
‘On the other hand, there are also many 
Stances in which the reader is left with 
46 much to work out for himself. For 
xample, it would be helpful to be told why 
Arthroascus javanensis (pp.114—116), 
formerly belonging to the genus Endomy- 
copsis, should be singled out and given its 
‘own. separate genus. Unprompted, the 
‘reader must turn to a table on pp.26-27 to 
d the explanation. Another example is 
rovided by Endomycopsis itself which, 
‘ough accepted in the second edition, is 
considered an invalid genus (p.413); 
no explanation is offered. 
ore irresponsible than failures to 
xplain changes in classification are the 
ntinual alterations of nomenclature by 
yeast taxonomists. This practice is anal- 
ogous to that of the frequent alteration of 
street. names to accord with some political 
fashion: all perfectly rational, but dam- 
nably annoying and confusing. Here, for 
example, Kurtzman (Chapter HI) describes 
30 species of Hansenuia, but in a paper also 
‘published in 1984 he had the temerity to 
abolish the whole genus! Such practices 
make it difficult to persuade experimental 
microbiologists that taxonomists should be 
taken seriously. 


=H 


The secondary ‘aim of the book (p. vi) 


is to aid identification, and the methods 
chapter is packed with helpful instructions 
for isolating, maintaining and identifying 
yeasts. However, the standard description 
of each species is now much less informat- 
ive than in the previous edition; for 
example, Schizosaccharomyces pombe 
was then described by results of 51 tests, 
but now by only 29. Less information leads 
to greater difficulty in the process of 
identifying and, moreover, if there are now 
just enough tests for distinguishing 
between existing species, it cannot be 
known which of the discarded tests will 
prove useful for discriminating newly 
discovered yeasts. Furthermore, the 
number of tests used in the standard des- 
criptions varies markedly from one genus 
to another, so that it is difficult to know 
which tests to do, unless the genus is known 


first. Generally, it would have been helpful 
to have been told which strains formed the 
basis for each standard description. 

There are no photographs in the book, 
only line drawings; while these can be 
better than photographs, why are only 
about 60% of the species illustrated? And 
although in this edition there are more 
identification keys than formerly, most of 
them are difficult to use because of bad 
layout and excessive abbreviation of the 
test names. 

This edition of The Yeasts is more an 
academic work than a practical manual for 
identification. It is, however, authoritative 
and will be essential reading for yeast 
taxonomists. G 








James A. Barnett is an Honorary Lecturer inthe 
School of Biological Sciences at the University 
of East Anglia. 





From the bottom 
Peter D. Moore 





Lake Sediments and Environmental 
History: Studies in Palaeolimnology and 
Palaeoecology in Honour of Winifred 
Tutin. 

Edited by Elizabeth Y. Haworth and 
John W.G. Lund. 

Leicester University Press/University of 
Minnesota Press: 1984. Pp.411. £39, $55. 





MULTI-author Festschrift volumes, written 
in honour of esteemed scientists, are all too 
often uncoordinated collections of essays 
covering a disparate range of subjects. The 
editors of this assemblage of palaeo- 
ecological articles have been able deftly to 
avoid the problem. Professor Winifred 
Tutin’s interests, and hence the subjects 
covered in the book, are centred upon lakes 
and the stories which can be unravelled 
about the past from their stratified 
sediments. With this as a central and well- 
defined theme, there is ample scope to 
illustrate the wide range of evidence which 
can be used in studies of environmental 
history and the subject is tackled both by 
means of review papers and by case-studies 
of selected sites. 

Pennington and palynology are insepar- 
able in most people’s minds, so it is natural 
that pollen analytical articles should form 
an important component of the book. 
These contributions reflect the recent 
changes in emphasis within the discipline, 
from the accumulation of data on pollen 
stratigraphy to an understanding of the 
processes involved in pollen movement and 
deposition. So we have essays on pollen 
recruitment to lakes by Bonny and Allen, 
and on variation in pollen deposition rates 
in different parts of lake basins by Davis, 
Moeller and Ford. Turner shows the value 
of principal-components analysis in her 
comparison of peat profiles on Cross Fell, 
which was conducted in order to determine 


the altitude of past tree lines. She comes to 
the conclusion — contrary to expectation 
~— that this Pennine peak of 893m carried 
an open birch woodland during the 
Flandrian climatic optimum. An 
analagous study by Watts of the Burren in 
western Ireland also shows that this area 
was forested prior to the advent of 
prehistoric agriculture. 

In her contribution, Hilary Birks 
demonstrates how small lakes — a 
somewhat neglected resource for 
palaeoecologists — have some advantages 
over larger ones in providing macrofossil 
evidence of local vegetation changes. She 
describes the late glacial stratigraphy of 
such a site in the far north-west of 
Scotland. Soil profiles provide an even 
more local picture of environmental 
change, as shown in the chapter by 
Andersen which describes his studies in 
Denmark. 

The physical and chemical properties of 
lake sediments also receive an airing. Of 
particular interest is Cranwell’s discussion 
of the organic geochemistry of lake sedi- 
ments, concentrating on pentacyclic triter- 
penes; by means of these compounds he 
claims to be able to distinguish an alloch- 
thonous input of peat from that of forest 
humus. Finally, for the theoretician, there 
is a contribution by Deevey on stability in 
lake ecosystems. Deevey is both modest 
and generous in referring to theoretical 
ecology as being ‘‘primitive rather than 
sick’’, and he makes out a strong case for 
the use of lacustrine systems as a basis for 
successional and stability studies. 

The essential unity of this volume will 
give it a clear market among research 
workers in limnology and palaeoecology. 
As a series of examples of current advances 
in techniques in these disciplines it is also a 
book to which undergraduates could 
profitably be directed. 0 
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- When you work or study in a field which is changing as 
fast as spectroscopy and chromatography it's not easy to 
keep up-to-date with all the new developments. New 
-instruments are constantly appearing on the market and 
“new techniques are being evolved in one of the fastest 
growth areas of modern science. 
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The importance of photographic gelatin 


From Yves Lestra 


The demands of modern photography have led to the evolution of extremely sensitive photographi 
emulsions. The vital role of gelatin in the emulsion is easily overlooked. 


In the emulsion of a photographic film, 
silver chloride and bromide darken and de- 
compose into their constituent parts when 


exposed to actinic light. This darkening is | 


a very slow process unless it is accelerated 
chemically by use of a reducing solution or 
‘developer’, which liberates silver from the 
exposed grains without affecting unexposed 
grains. This process furnishes most of the 
energy necessary to obtain an image. It is 
worth considering how an emulsion is 
produced, because the properties of the 
emulsion, almost always containing gelatin 
as the major colloid, are crucial in deter- 
mining the quality of the image obtained. 


Emulsion manufacture 


The initial step in the manufacturing 
process involves the precipitation of silver 
chloride or bromide crystals from solutions 
of alkaline bromides and silver nitrate. The 
reaction takes place in a colloidal medium 
in order to keep the insoluble crystals of 
the silver salts in suspension. 

The emulsion then undergoes a period of 
physical ripening or ageing during which 
the crystals grow larger. Any soluble salts 
remaining in solution are then removed by 
washing. For many years this involved 
gelling of the colloidal suspension and di- 
alysis of the soluble salts by washing the 
gel in cold water. Today, most manufac- 
turers rely on flocculation of the colloid by 
salts or organic reagents, including the 
modified gelatins, which flocculate in acid 
conditions. 

Next comes a second, or chemical 
ripening. At this stage certain critical 
additions are made to encourage the form- 
ation of sensitivity centres on the crystals 
of the silver salts. 

Finally, various additives are used to stop 
the ripening process, to encourage the 
coating of the emulsion and to harden the 
emulsion and make it insoluble to the 
developer. The emulsion is then coated into 
its support and cooled. It is coated with a 
protective layer of gelatin which is photo- 
graphically inert. 


Role of gelatin 


Gelatin is generally the colloid of choice for 
the manufacture of emulsions. During pre- 
cipitation and physical ripening it keeps the 
silver salts in suspension and is strongly 
absorbed at the surface of the silver halide 
crystals, retarding their growth. The ability 
of gelatin to form a gel allows the elimin- 
ation of unwanted soluble salts by dialysis, 


¿> and its high viscosity facilitates the coating 


. of the emulsion onto the support. 









After coating, the gel formed keeps the 
silver salt crystals on the support during 
drying and development, and when the 
emulsion is exposed to light, the gelatin 
prevents the inverse reaction of the photo- 
lysis by fixing the liberated halogen. Gelatin 
also prevents fading of the latent image 
resulting from the photolysis. 

During development, the swelling of the 
gelatin, caused by the action of the added 
reagents, allows the reagents to diffuse 
through the emulsion layer. The property 
of the gelatin to be tanned by various sub- 
stances allows rapid development at high 
temperatures. 

Since gelatin is extracted from the 
collagen of bone or skin, most preparations 
inevitably contain impurities. Some are 
detrimental to the photographic process 
and must be removed (dust, heavy metals, 
grease and ‘fogging agents’). Albumens, 
polypeptides containing cystine and nucleic 
acids act as ‘restrainers’, blocking the 
formation of sensitivity sites or inhibiting 
the development of silver halide grains. 
Some impurities, however, have useful 
properties acting as ‘sensitizers’ and faci- 
litating the production of silver or silver 
sulphide centres on the halide grains. 

Photographic gelatins can be classified 
into four groups: Inert gelatin, without 
sensitizers or restrainers; active gelatin, rich 
in sensitizer and low in restrainer; retarded 
gelatin, low in sensitizer and rich in re- 
strainer; and retarded active gelatin, rich 
in both sensitizer and restrainer. 

The task of the photograhic emulsion 
manufacturer is to find the best gelatin for 
a specific application. The gelatin manu- 
facturer must produce the gelatin to an 
exact specification and ensure that quality 
is maintained from batch to batch. 


Gelatin production 


The conditions under which gelatin 
extraction occurs determine the properties 
of the end product. In particular, the liming 
process has to -be closely controlled. 
Chemical changes occurring at this stage 
include the hydrolysis of amide groups to 
carboxylic groups (destroying the triple 
helix of collagen), the elimination of many 
impurities (mucopolysaccharides, tyrosine, 
sulphur), the transformation of the sulphur 
in cystine to thiosulphate and the 
degradation of ribonucleic acid to 
nucleotides. 

After liming, the raw material is washed 
with water to eliminate as much lime as 
possible, and then ‘delimed’ in a bath of 
dilute acid. Gelatin is then extracted in hot 








water, with only the first extraction pu 
enough for the exacting requirements. 
photography. 


Modified gelatins 


It is possible to chemically modify. gelating 
in order to provoke floculation simply by 
lowering the pH. This type of gelatin 
increasingly used for floculation o 
emulsions, replacing sodium or ammonium 
sulphate or washing by dialysis. 


Auxiliary gelatins 


Photographic materials do not consist of. 
a single light sensitive layer. Other layers 
—auxiliaries—are coated onto the support: 
before, or at the same time as, the emulsion 
layer. The support itself is usually synthet 
and its surface has little affinity for th 
hydrophilic emulsion. An intermediate 
layer or substratum is required, containing 
the necessary ingredients to establish 
bond between the emulsion and suppor 

Colour films or papers contain sever 
emulsion layers, each sensitive to a differ: 
ent radiation band. The layers must. 
separated by intermediate layers to prev 
diffusion from one colour layer to another 

The surface of the emulsion layer mu 
be protected. mechanically from external 
contact. This is the role of the supercoat, 
Like all auxiliary layers, it must have no. 
photographic influence on the emulsion. 
They are commonly inert gelatines. 

In order to compensate for the tension. 
created on one side of the support by all 
the layers, a backing layer is coated on the’ 
other side of the support. This is often 
coloured in order to avoid the halo created 
by the light ray as it reflects on the film 
Some colour films can contain as many as. 
a dozen layers of chemicals. The sophisti- 
cated coating machines in use today allow 
the simultaneous coating of most of the 
layers at speeds of 100 to 150 metres per 
minute. Each layer is only some 10 um 
thick, so it is easy to appreciate the import- 
ance of the physical qualities required of 
the gelatin. 

To supply the customer with a- photo- 
graphic gelatin with precisely the properties. 
required, the manufacturer must be able to 
control the production process very accu- 
rately, and quality control must be 
stringent. In addition, it is useful for the 
customer to appreciate the problems of the 
manufacturer when specifying require- 
ments for an emulsion. 





Yves Lestra is an engineer at the head office of i 
Rousselot S.A., 8 Rue Christophe Colomb, 
‘75008 Paris, France. 













































The rapid developments in imaging 
technology have led to greater demands on 
the recording materials available. To meet 
these demands, Kodak has introduced ‘T- 
Grain’ emulsions, incorporating carefully 
oriented flat silver halide grains that allow 
~ynuch faster emulsions, without the usual 
trade-off in graininess. This is incorporated 
<in Kodak’s latest colour negative films, and 
will soon appear in X-ray films also. 
Kodak’s range of materials for scientific 
use includes papers for recording oscillo- 
cope traces and plates for electron 
microscopy, photomicrography, holo- 
graphy, spectroscopy and astronomy. High 
resolution plates, for example, are capable 
of recording over 2,000 lines per mm. 
Kodak Technical Pan film 2415 (‘Ester- 
‘AH’ Base) is particularly useful, allowing 
enlargements of x 25 and more with little 
perceptible grain. Also from Kodak, the 
$p2000 motion analysis system achieves 
ideo recording of high speed events at bet- 
een 60 and 2,000 frames per second. The 
frame may also be divided into up to 6 
orizontal segments, providing 12,000 
rames per second. 

ircle No. 100 on Reader Service Card. 






A human embryo after 12 weeks of differ- 
entiation, photographed by Dr R. Jonas. 
The instrument used was the Wild Heer- 
brugg M 400 Photomakroskop. The M 400 
has been specially developed for ‘mac- 
roscopy’, that is, for the magnification 
Tänge of 1:1 to 20:1, where the close-up 
: range of an ordinary camera is no longer 
adequate, but where the visual field of the 





Photography and imagery 


This week’s product review covers some of the latest advances in photomicrography and 
processing of micrograph images. 


@ Bausch & Lomb has published two new 
brochures that describe their video-based 
image analysers. Common applications of 
image analysis are: bacterial colony counts, 
airborne contaminant analysis, fibre 
measurement in the textile industry, aerial 
and satellite photograph analysis and struc- 
tural integrity analysis of building 
materials. 

Circle No.101 on Reader Service Card. 
@ Dapple System, Inc. has published an 
image analysis brochure describing the 
Image-Plus+ system for automatic 
measurement of features in video images. 
The various methods for producing the 
image signal, from an optical microscope, 
SEM, or TEM, are detailed and 
stereological analysis techniques discussed. 
The descriptions include the method of ac- 
quisiton and storage in the computer 
memory of the grey-scale image and the 
image array processing functions available 
to enhance this image before measurement. 
Data processing and statistical analysis 
routines required for quantitative 
stereology are described and illustrated by 
example. 

Circie No, 102 Reader Service Card. 


microscope becomes too small. The pho- 
tographic range of the M 400 is in fact from 
1:1 to 60:1, and there is a macrozoom ob- 
jective (1:5) to provide ‘stepless’ changes 
in magnification. Further features of the 
P 400 include binocular observation, work- 
ing distances of 42-188 mm and an auto- 
matic system to determine exposure. 
Circle No. 103 for further details. 











The SZH in a configuration for photomicro- 
graphy. 

@ The building-block design of the new 
Olympus SZH zoom stereo microscope 
system makes it especially suited for 
photomicrography. As well as the PM 
Series photomicrographic system, Olympus 
OM Series SLR cameras can be fitted. 
The binocular viewing tube, inclined at 45°, 
is designed to permit easy focusing for 
photomicrography, and the distortion-free 
objective lenses, in magnifications of 0.5, 
0.75, 1, 1.5 and 2, provide clear images 
without the need for auxiliary lenses, 
Eyepieces are available with four different 
magnifications, 10, 15, 20 and 30x. 
Circle No.104 on Reader Service Card. 
@ Photonics Microscopy, Inc. of Hlinois 
has introduced the Model C1966, a high- 
speed video image processing system 
designed for real time applications. The 
C1966 features analog video enhancement 
and digital image processing through frame 
memories that permit subtraction, averag- 
ing, filtering and other image processing 
functions. These techniques make it pos- 
sible to view microscopic structures and 
events that cannot be seen in the optical im- 
age. The C1966 can be used with video 
cameras and X-ray through infrared wave- 
length sources can be accommodated 
through the selection of specific cameras. 
Three frame memories of 640 by 438 lines 
permit extensive image manipulation in real 
time on the video monitor, while the im- 
age may also be recorded permanently on 
videotape or videomicrograph. The C1966. 
will interface with most popular computers. 
Circle No.105 on Reader Service Card. 


These notes are based on information provided | 
by the manufacturers. For further details circle 


the appropriate numbers on the Reader Service 
Card bound inside the journal. 
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chemical inertness as ~ advantageous pric 
Sec eerie well as unequalled sur- compared with st 
300nm DNA Transilluminators face smoothness of columns 
UV Photographic the internal tube wall 
Documentation Systems Please ask for our. 
Kodak Autoradiography Film usability under high brochure 
DNA Sequencing Systems pressures due to a 
DNA Sequencing Power Supplies special hardening 
Polaroid Products and Films procedure for the glass 
CRT Hard Copy Images tube 
Canon AE-1 Program Cameras 


Color Correction easy connection to an 


Photographic Filters : A 
TER optional HPLC unit 
Write or call for our complete 
catalog today. 1-800-DNA-FOTO. 
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16700 West Victor Road 
New Berlin, WI 53151-0183 USA : 5 
414/786-9550  TELEX:26-0127 Circle No.16 on Reader Service Card. 


E. Merck, Frankfurter Straße 250, D-6100 Darmstadt ; 
Federal Republic of Germany 
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The 3090 pulsed light fibre-optic sensor 
m Oriel Scientific is designed to make 
a measurement of flourescence, absorp- 
tion, reflection or scattered light using 
fibre-optic probes called ‘optrodes’, and 
will make the measurement in moderate 
mibient light. A full range of glass, silica, 
and liquid light guides allows measure- 
ments to be made in radioactive areas, 
-fermentation systems, high voltage or ex- 
plosive areas, biological hazard areas and 
“marine locations, The analyser has its own 
control logic and will interface to a micro- 
computer such as the PET or Apple H. 
Circle No. 106 on Reader Service Card. 

-® Signals passed down optical fibres will 
“not reach their destination if there is a 
break in the cable. Now that optical fibres 
are widely used in communications 
equipment, accurate methods of precisely 
-jocating breaks are extremely important. 
One such technique is optical time domain 
-reflectometry (OTDR) which is capable of 
“providing accurate information on faults 
in cables several metres in length. EG&G 
‘Instruments have recently announced their 
“Model 4400 Boxcar, a system that 
incorporates signal processor, boxcar 
‘averager and gated integrator in a single 
nit, for use in OTDR experiments. OTDR 
relies on measuring the backscatter of a 
- light beam that is passed down a fibre optic 
cable. Since the signal power and 
‘backscatter levels are very low, 
“sophisticated timing electronics and signal 
processors are needed. 
Circle No. 107 on Reader Service Card. 



















































The Colorverter from Chorus 


@ New from Chorus Data Systems, Inc., 
the Colorverter is a low-cost converter 
which changes NTSC composite colour 
signals into analog RGB. Colorverter may 
be used in conjunction with the Chorus PC- 
EYE Video Capture System to digitize col- 
our signals from colour video cameras, 
VCRs, and laser disks. The user has con- 
trol of the colour intensity, tint (hue), 
brightness, and contrast. EIA RS-170A 
sync is available on all signals and there is 
a separate monochrome output for black- 
and-white applications. Applications in- 
clude slide generation, inspection (where 
colour distinction is important) and 
medical/scientific classification. Systems 
and software support for many of these ap- 
plications are available. 

Circle Ne. 108 on Reader Service Card. 


Copies of articles from this 
publication are now available from 
the UMI Article Clearinghouse. 


For more information about the 
Clearinghouse, please fill out and mail back 


the coupon below. 















pharmacological screening and 
evaluation, testing of compounds for 
specific biological activities, 
genotoxicity determinations (Ames 
test and evaluation of DNA damage 
and repair). 


@ Several different imaging techniques are 
incorporated in the Kevex Microanalyst 
8000 energy dispersive X-ray analyser for 
electron microscopists. Imagex is a 
sophisticated software package that allows 
the characteristic X rays and other electron 
column signals to be digitized, stored and 
manipulated. Images are divided into a 
1,024 x 1,024 pixel grid and each pixel can 
be stored as one of up to 64,000 levels. The 
Kevex Microanalyst 8000 is also able to 
display colour images. Different colours 
can be designated to different elements, 
thereby allowing accurate and easy to 
interpret displays, photographs or printer 
outputs to be produced. 

Circle No. 109 on Reader Service Card. 

@ The Model 850 is a new image analysis 
system for biomedical research from 
Spatial Data Systems. It is a complete turn- 
key system for statistics database manage- 
ment and image capture, enhancement, 
segmentation, analysis, storage and 
retrieval, The hardware is configured to 
allow the operator to input images from 
film or microscope slides, to enhance them 
and gather statistics, and then to store on 
disk, display or print the results. The new 
system includes a camera, light table, 
alphanumeric terminal, colour monitor, 
joystick interface, printer, LSI H CPU, 
Winchester technology disk, eight-inch 
floppy disk, an EyeCom II real-time im- 
age processor, desk workstation and com- 
plete software. The system is available in a 
range of configurations. 

Circle No.110 on Reader Service Card. 
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: > Mail to: University Microfilms International 
300 North Zeeb Road, Box 91 Ann Arbor, MI 48106 





We also offer a wide range of peptides, 


leukotrienes, nucleosides and nucle- 
otides developed through our unique 


network of university researchers and Bio- 


Mega’s own scientists. 


For further information, please contact 
Dr. 5. Rakhit or Dr. D. Marshall. 


BIO /MiEGR 







Téléphone: (514) 284-0043. 
Télex: O5-25151. 


i Hung Desjardins, QE 158, 
Montréal i (Québec), Canada, 158 183. 
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MASS SPECTROSCOPIST NEAR, Inc, seeks a first-class scientist 


A Mass Spectroscropist is requiredto | research group. A PhD or suitable 
work with the Drug Metabolism- | experience (confirmed by publica- 
Drug Disposition Research Group in | tions) is required. The successful 
the College of Pharmacy, University | candidate will be able to attract basic 
of Saskatchewan. The position | research funding from government 
involves the operation and routine | agencies. Salary and benefit package 
daily maintenance of a VG | is commensurate with the position. 
Micromass MMIG6F and 7070EU 
Mass: Spectrometer and associated 
data system. Familiarity with modern 
festbiques mch as positive ana 
negative chemical ionization, fast ` 7 
bombardment and HPLC/MS would | 2'3 emphasized. The company is lo- 


Please apply to Dr G McKay, | curriculum vitae to Dr David Nixon, 

College of Pharmacy, University of | Nielsen Engineering & Research, Inc, 

~ Saskatchewan, Saskatoon, Saskat- | Mountain View, CA 94043 USA, 
chewan, Canada S7N OWO. before 25 February 1985. 
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UNIVERSITY COLLEGE UNIVERSITY OF BRISTO: 
LONDON DEPARTMENT OF 
DEPARTMENT OF BIOCHEMISTRY VETERINARY MEDICINE 
POST-DOCTORAL 
RESEARCH ASSISTANT 


UNIVERSITY OF NIELSEN ENGINEERING & 
SASKATCHEWAN RESEARCH, INC 


College of Pharmacy TURBULENCE RESEARCH 

























Applications are invited for two 
Medical Research Council-supported 
posts in a Group investigating. the | Applications are invited fo 
metabolism of a newly discovered | supported by the Wellcome Trust 
polymeric adenine nucleotide | study the molecular biology of fi 
derivative in rat heart. The appoint- | herpesvirus type 1. Candidates 
ment may be for up to three years. have bal ae Sa ba r 
and prefera! S w 
POST-DOCTORAL of virological techniques.’ 
RESEARCH ASSISTANT 


Paid on the RA (1A) scale £8,753- 
£9,683 including London Allowance. 
Experience on enzyme. purification 
could be an advantage. 





to develop a pre-eminent turbulence 










































The post, funded for three years 
available immediately. Start 
salary up to £8,920 pa depen 
age (maximum 32) and experien: 


Further details may be ob 


Nielsen Engineering and Research, 
Inc, is a small R&D company with a 
reputation for excellence and inno- 
vation. Fluid dynamics is the research 

















be advantageous cated in the San Francisco Bay Area RESEARCH TECHNICIAN from Dr D A Harbour, Dep 
KE : close to NASA/Ames Research | Paid on the Grade 3 scale £6649- | of Veterinary Medicine, Langf 
Salary in accordance with | Center and Stanford University. £6951 including London Allowance. | . House, Langford, Bristol BS18 
experience. Applications should send a (Tel 0934 852581, Ext 78): 


Applications including a cv and the 
names of two referees should be sent 
to Dr J Mowbray; Biochemistry 
Department, University College 
London, Gower Street, London 
WCIE6BT. (5231)A 









Applications with full curri: 
vitae and names and addresses « 
referees to Professor F J Bow 
the above address by 14 Feb: 
1985. ($212) 
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Manager of the Analytical Laboratory 


BSN, the french food company, is the leader throughout the world for fresh dairy products, main! 
with the brands Danone and Gervais. 


It manufactures and sells a wide range of products, including natural cheese, yogurts and dairy 
desserts. 
An International Research Center near Paris employs a team of high level scientists an 
technicians focussing on various R and D programms for the benefit of 20 companies: discovering 
new nutritive substances, making better use of byproducts, modifying and accelerating fermentatio 
processes, and improving product taste and appearance. 

We are looking for the manager of the analytical laboratory of this center. Supervising 6 researchers 
and technicians, he will define and operate the best suited analytical methods for each research 
programm, and help build test procedures at different stages of processing. o 
He will provide his expertise to other research departements of the international center as well as to 
subsidiaries. i 
He will further build up this expertise through regular contacts with external laboratories and by 
other suitable means. , 
We intend to offer this position to a chemical engineer having 5 to 10 years experience in analytical 
chemistry and biochemistry, preferably in the food sector. 













D GROUPE Please send complete resume with present salary - reference MIN to: 
D BSN - Service Recrutement Cadres ~ 7; rue de Téhéran, F - 75381 Paris Cedex 08. 
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: a ROTHAMSTED EXPERIMENTAL 


arte & STATION HARPENDEN, 
WY HERTS AL5 2JO 











1980 


MOLECULAR 
BIOLOGISTS 


jothamsted is a public Research Station grant aided by the 
gricultural and Food Research Council with a vigorous 
esearch effort in Molecular Biology and Biochemistry. It 
ontributes to the AFRC’s programmes on the genetic 
janipulation of crop processes and on photosynthetis. 


e are seeking to expand these programmes within the 
olecular Sciences Division and seek applicants for the 
yllowing vacancies:- 


Post Ref. 568 - SSO/HSO 
-permanent position 


plications are sought from experienced molecular biologists 
jalified and interested in applying recombinant DNA techniques to the 
‘oblems of carbon dioxide fixation and loss during photosynthesis. 
@ successful applicant would be expected to collaborate closely with 
e team in the department already tackling these problems. The work 
‘ould involve the isolation and transfer of genes between crop species 
d collaboration in a programme of in vitro mutagenesis. The 
ccessful applicant is likely to have had post-graduate and post- 
loctoral experience in molecular biology at least part of which involved 
nt systems and utilised the techniques mentioned above. 


Post Ref. 569 - SO 
- 4 year appointment 


jentific Officer to join the group working on the genetic manipulation 
“crop plants. The work will involve using recombinant DNA 
chniques to study and isolate genes important in key steps of nitrogen 
etabolism. The successful applicant is likely to have a sound 
wiedge of molecular biology and some record of successful 
perimental work. 


Post Ref. 570 - SO 
- -3 year appointment 


lentific Officer to join a team working on the enzymology and 
jolecular biology of ribulose bisphosphate carboxylase. The officer will 
: particularly responsible for work on site-directed in vitro 
tagenesis of the enzyme. The successful applicantis likely to havea 
und knowledge of recombinant DNA techniques and some record of 
essful experimental work in the field. 

ications for Higher Scientific Officer/Senior Scientific Officer: 
r-Upper Second class honours degree in Molecular Biology, 
iochemistry or closely related subject with at least two years post- 
raduate experience for appointment at HSO, and four years for SSO. 
Post doctoral experience in the molecular biology of plants and/or 
er organisms is an advantage. 

ications for Scientific Officer: Degree in a relevant subject. 
Senior Scientific Officer on scale £9,329 - £12,050; Higher 
fic Officer on scale £7,435 - £10,039; Scientific Officer on scale 
909 -.£6,259. Non-contributory superannuation. 















































referees should be sent as soon as possible to the Secretary 
quoting the appropriate reference numbers. Final closing date 
22nd February 1985. 
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“CSIRO 
AUSTRALIA 
DIRECTOR — INFORMATION AND 


PUBLIC COMMUNICATION 


Remuneration: Not less than $454,000 pa 
CANBERRA ACT 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2,900 are professional scientists. The Organization’s research 
activities are grouped into five Institutes: Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial 
Technology and Physical Sciences. 

The Director, Information and Public Communication will develop 
policies, structures and procedures to ensure effective communication 
between CSIRO and business, government, academic and community 
leaders, and with the general public. The Director will be expected to 
take new initiatives and make creative decisions. 

An important aspect of the Director's duties is the leadership and 
management of the Organization's central library and library-based 
information services, and publishing, editorial and data base services. 
Communication activities encompass publications, films, conferences, 
public presentations and displays covering both scientific and general 
information about CSIRO and its research for all audiences. 

The new Director will be a senior manager directly responsible to the 
Executive. 

Appointment to the position of Director, Information and Public 
Communication will be for an initial term of five to seven years, with the 
possibility of a further term if mutually desired, or of transfer to another 
senior position in the Organization. 

FURTHER INFORMATION: Expressions of interest and requests 
for further information will be treated with strict confidence. 
They should be directed to: 

Dr G H Taylor 

Member of the Executive 

CSIRO Headquarters 

PO Box 225 

DICKSON ACT 

AUSTRALIA 2602 

as soon as possible, and not later than 28 February 1985 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER (WISA 










































CHEMIST/ BIOCHEMIST (BAT 1b) 
and 

SENIOR/ GRADUATE TECHNICIAN 

(BAT 1Vb) 


Applications are invited for the above two tenare positions. The 
successful candidates will be involved in neuropeptide researchand be 
responsible for the running of a unit comprising DNA Synthesizer, 
Peptide Synthesizer, and Gase Phase Protein Sequencer. Experience 
with the methods and equipments is highly desirable. The positions are 
immediately available. Salary range pa: 50-60.000 DM (BAT fb) and 
35-45.000 (BAT IVb). Send CV and the names and addresses of 
two referees to Dr. D. Richter, Institut fiir Physiotogische 
Chemie, Abteilung Zellbiochemie, UKE, Martinistr. 52, 2 
Hamburg 20, Germany. 7 (W1566)A 


















DEVELOPMENTAL 
NEUROSCIENTIST 


The University of Rochester, Department of Psychology, anticipates 
filling, in either 1985 or 1986, a tenure-track position at the Assistant 
Professor level in the general area of developmental neuroscience. 
Applicants must have at least two years of postdoctoral training. The 
appointee is expected to develop a strong research program, to teach 
the interdepartmental B.S. program in Neurosciences, and to teach 
and supervise students at the graduate level. 


Opportunities exist within the Psychology Department for interactions 
with colleagues working in several areas of biological and behavioural 
development. In addition, extensive interactions are available with other 
neuroscientists in the School of Medicine and Dentistry, which is within 
close proximity to the Psychology Building. 

Send a current curriculum vitae, reprints of recent publications, a 
statement of research goals, and arrange to have three letters of 
recommendation forwarded by March 15, 1985 to: Dr. Carol Kellogg,- 
Department of Psychology, University of Rochester, Rochester, NY 


















Action Employer. 
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Recombinant DNA specialist post-doctoral level and the most advanced ideas are backed up by the large scale 
L industrial support of Rhône Poulenc, France's n° 1 chemical 
10 years, genetic engineering research has come to and pharmaceutical group, and one of the top 10 in the work 


; -occupy o e A epee ce bea state of GENETICA also offers a pleasant professional environms 
research, the possibilities for application are limitless. 30minutes froin the heart of Panis: ue 

- With GENETICA, you will belong to a company at the Dnata E EATE ree ae 

__ forefront of industry. You will be making the choice to have Send your application (résumé) to GENETICA, 160, quai 





- |. your projects become reality: with substantial financial returns. de Polangis, 94340 Joinville le Pont, Paris - France. Telephone 
_... GENETICA is among the laboratories that really count in contact in Palo Alto (USA): Louis or Diana Everstine, (415) 
-the field of genetic engineering - Sophisticated technology 326.01.57. — 
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AERA 





France, too, 
needs tto put thet 




















GENETICA 
PARIS FRANCE 





ENETICA VOIT GRAND DANS LE DOMAINE DE L’INFINIMENT PETIT. 








Maybridge Chemical Company is amongst the world’s largest producers of new organic chemicals 


for biological testing. Maybridge products are tested by numerous agrochemical and pharmaceutical 
roups, and also by Maybridge’s own rapidly developing biological unit. 


Although numerically small, employing about 50 people, the Company plans to expand during 
985 by recruiting more specialised chemists and biologists. At the present time we are looking for: 


‘General Organic Chemist for wide variety of synthesis work. The person must have had 
-very wide experience in numerous areas of synthetic work (from Akabori reaction to 
-Zincke-Suhl reaction). The post would be ideal for a graduate who has had about 5 years 
experience in industry, having been involved in a wide variety of synthesis. 

2) An Organic Chemist specialising in the preparation of a wide range of fluorine organic 
= compounds., 

-Peptide/ Protein chemist required for peptide and related preparations. Experience in 

` peptide construction and protein degradation. 

_ Enzyme-protein biologist. 

} Catalogue chemist/information storages needed chiefly for Company's expanding 
catalogue of intermediates. Person must have round knowledge of markets and sources 
of organic chemicals. 


Applicants for any of above posts should apply jn writing giving full details of past experience 
and a telephone number if possible. 


MAYBRIDGE CHEMICAL COMPANY LIMITED. 
Trevillett, Tintagel, Cornwall, PL34 OHW, UK. 
Telex: 45606 MAYKEM G Tel. (0840) 770453/770567 
Telefax (0840) 770233 Prestel: page 20060 
(5218)A 





-CIBA-GEIGY 
BIOTECHNOLOGY 


-Senior Scientists-Tissue Culture 


CIBA-GEIGY’s Agricultural Division is offering challenging opportunities for Senior 
Scientists in Plant Tissue Culture. 


The Biotechnology Research Unit has just moved to its new research facility located in 
the stimulating environment of Research Triangle Park, North Carolina. For our pro- 
gram on plant genetic engineering and crop improvement, we seek the cooperation of 
experienced and innovative tissue culture scientists. These positions require a PhD 
and applicants should have a strong background of plant physiology, cell biology, 
genetics or biochemistry, along with several years of research experience (at least 2 
years postdoctoral) in plant tissue culture technologies, preferably with crop plants. 


In addition to an attractive salary and excellent benefits, CIBA-GEIGY offers the 
opportunity to join an energetic interdisciplinary research team. Interested individuals 

are asked to forward their curriculum vitae and other pertinent information in confi- 
dence to: 


Dr. Mary-Dell Chilton 
CIBA-GEIGY Biotechnology Research 
_ Post Office Box 12257 
Ee oe Triangle Park, NC 27709 


An equal opportunity employer m/f/hiv. 


Progress Through Innovation 


_CIBA—GEIGY 


INW1394)A 








BOE, (NW1349)A 


THE UNIVERSITY OF 
"MELBOURNE 


LECTURESHIPS (LIMITED 
TENURE) 
SCHOOL OF PHYSICS 


The School of Physics is seeking 
young, vigorous and innovative 
physicists who will bring new ideas, 
techniques and enthusiasm into its 
research and undergraduate pro- 
grammes, [If is envisaged that a 
number of limited tenure appoint- 
ments, of three years’ duration and 
extendible to five years, will be made 
at the rate of approximately one per 
year until 1990, Some positions with 
tenure will become available towards 
the end of the decade, and limited 
tenure appointees will be eligible to 
apply for these. 


Applications are invited for the first 
two appointments in this series: these 
two appointments will be made in 
experimental Physics, with preference 
given to experimentalists who have 
experience and interest in one or more 
of the fields of Solids, Liquids, 
Surfaces, Optics, Cryogenics, 
Acoustics, and Quantum Electronics, 
and who would interact with existing 
groups. The present research activities 
of the School are in fundamental. 
experiments with neutrons, molecules 
and solids; high resolution electron 
microscopy; x-ray and neutron dif- 
fraction; proton microprobe develop- 
ment and application: low and inter- 
mediate energy nuclear physics; and. 
particle physics; as well as theoretical 
research in particle physics, nuclear 
physics, statistical physics, and astros » 
physics. Further information. about 
the School is obtainable from the 
Chairman, Dr E G Muirhead. 


Applicants should be willing to 
participate in the supervision of both 
honours and postgraduate students. 
A genuine interest in the undergra- 
duate teaching programme is 
essential. 


The first position will be available 
as from ist July 1985 and the second 
as from Ist January 1986, 


Salary in the range $A24,840 to 
$32,634 per annum. 


Further printed information regard- 
ing details of application procedure 
and conditions of appointment is 
available from the Appointments 
Officer (Academic), University of 
Melbourne, Parkville, Victoria 3052, 
Australia, or from the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WC1H OPE. 


Applications, in duplicate, 
including names and addresses of at 
least three referees and quoting 
Position Number 640 A346, should be 
addressed to the Staff Officer, 
University of Melbourne, and close on 





15 March 1985, (W1558)A 
PROTEIN CHEMIST 


Must have several years of experience 
in purification of proteins and pep- 
tides. Competitive salary, based on 
experience. 


Send CV and references to: 
Employment Manager, Human 
Resources Department, Children's 
Hospital of San Francisco, 3700™ 
California Street, SF CA 94118). 
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ENVIRONMENTAL 
SCIENTISTS 
& ENGINEER 


Shell Expro has pioneered a direct approach to evaluate the 
interaction of its North Sea operations with the environment, 
and from such studies we are able to assess and anticipate the 
effects of our environment on our offshore structures, and 
understand any effect of our operations upon the environment. 
Each activity is thoroughly researched in conjunction with 
government and other regulatory authorities. 


With future commitment to exploration and development of 
estuary and land-based reservoirs we now need to recruit several 
environmental specialists to work on a wide range of projects. 


Senior Environmental Scientist 


Principally to supervise operational research, including 
initiation and implementation of research and environmental 
monitoring. Involvement in estuary assessments, contingency 
planning and supervision of work in both related and unrelated 
disciplines should be expected. 


The Senior Environmental Scientist will have a PhD ina 
science discipline supported by about 10 years’ experience in 
atleast one relevant area such as biochemistry, marine biology, 
sulphate reducing bacteria etc. You should also be 
experienced in external liaison as you will represent Shell Expro 
at a senior level in external discussions. 


Environmental Scientist 

Involved in the same operational research activities as the 
Senior Scientist quoted above. As an Environmental Scientist, 
you should have a recent PhD or equivalent experience ina 
relevant discipline and you will become directly involved in 
environmental programmes related to Sheli Expro’s activity. 


Environmental Engineer 


Primarily to share an active responsibility in onshore 





exploration, monitoring land-based plants and pipelines, and 
providing support to Shell Expro's offshore environmental 
programme. As well as being experienced in exploration and 
production engineering you must be knowledgeable in aspects 
of operations impacting on the environment e.g. flaring, oil/ 
water separation, water injection, environmental noise. With the 
possibility of developing estuary and onshore sites, the job 
holders may be involved in onshore drilling and the preparation 
of environmental assessments, contingency planning and 
interface with local authorities and statutory bodies. 

Candidates should have.a relevant engineering degree and 
at least five years’ varied experience in exploration and 
production or petrochemical operations. Engineers with 
specialist knowledge in ecology, environmental science or 
marine biology would be ideally suited to these positions. 

All positions will be initially based in Aberdeen although you 
will be expected to travel widely within the UK and offshore, 
covering the range of Shell Expro’s UK activities. 


Salaries and benefits packages are excellent with additional 
allowances for location assignments 
and generous assistance with 
relocation to the Aberdeen area 
where necessary. 


For an application form please 
write to: 
Recruitment & Development 
Adviser (UEPA/116). 
Shell UK Exploration & Production, 
1 Altens Farm Road, Nigg, 
Aberdeen ABS 2HY. 


Shell 


(5227)A 
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BIOCHEMICAL, PHYSICAL 
AND ORGANIC CHEMISTS 
MOLECULAR ELECTRONICS 


The world famous GEC Research Labor- 
atories at Wembley are at the forefront 
of research, design and development in 
many different fields. We now need 
suitably qualified chemists to join us in 
studying the preparation and properties 
of thin organic films. Currently, the main 
emphasis is on LB films and their opto- 
electronic properties. You should be able 
either to strengthen this area of research or 
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preparative techniques or materials. 

Suitable candidates will have already 
demonstrated a high degree of research 
ability in physical chemistry, organic 
chemistry or biochemistry. 

Please apply, quoting reference 
P/166, to Mrs. V. P Whippey, Graduate 
Recruitment Officer GEC Research Labor- 
atories, Hirst Research Centre, East Lane, 
Wembley, Middlesex, HA9 7PP Telephone 


extend our work to other related 01-904 1262 Ext. 211. 
















{15268)A 


-Microgenics is a biotechnology company which 
-has developed an advanced and proprietary 
diagnostic test system based on protein 
-engineering by recombinant DNA techniques. 
New positions are available for exceptional 
esearch scientists. 


B.S./M.S./Ph.D. 


Successful candidates will have a proven track 
record of industrial development of enzyme 
immunoassay test kits. Working knowledge of 
GMP and 510k documentation desirable. 


IMPERIAL CHEMICAL INDUSTRIES PLC 
CORPORATE BIOSCIENCE GROUP 
RUNCORN CHESHIRE 


COMPUTER 
PROGRAMMER/ANALYST 


(TEMPORARY POSITION) — 2 YEARS MINIMUM 


ICi Corporate Bioscience Group is seeking a computer programmer/ 


analyst to lead the development of computing facilities to support our 
research in molecular genetics, plant sciences and cellular biology. The 
successful applicant will interact closely with Bioscience Group 
scientists to analyse their computing requirements and develop suitable 
software for use on either mini- (VAX 11/780) or microcomputers. 
He/she will also advise on the acquisition of hardware and software and 
ensure its integration into the Group's work. 
Suitable qualifications are a degree (or equivalent) in comptuer science 
or related subject and two years’ postgraduate experience. Familiarity 
with the use of 8086-based microcomputers is desirable and a 
knowledge of biochemistry or chemistry would be an advaritage. 
The appointment will be for an initial period of two years after which 
time it will be reviewed. Salary will be in the range £9,500 min. 
depending upon experience. Relocation expenses etc. 
Please apply in writing enclosing full CV to:- 

Miss E H Lauermann, Personnel Officer, 

P.O. Box 11, 

The Heath, Runcorn, Cheshire. 


Closing date: February 21st. 1985. 


Microgenics offers a scientific challenge and 
equity participation with competitive salaries and 
ringe benefits. For immediate consideration, 
orward your resume in strict confidence to: 


MICROGENICS CORPORATION 
2341 Stanwell Dr. + Concord, CA 94520 


D microcenics 
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President 
Analytical/Medical 


We are a young company of extraordinary potential. 


Our product is a proprietary patentable device using a 
variety of very advanced biochemical techniques which 
will offer quantum improvement in the detection, iden- 
tification and measurement of a wide assortment of 
gases and liquids and their components. It thus has 
applicability in most analytical/medicalAaboratory in- 
struments and in process control. 


We are seeking our first official President/CEO. He or 
she will inherit a core development team (headed by a 
world renowned chemist) and a variety of other 
employees. but much of the management team still is 
to be built. Financing from a premier venture capital firm 
is in place. 


The ideal candidate will have senior line management 
experience in a relevant industry, e.g.. analytical/clinical 
instruments, biotechnology/microbiology or diagnos- 
tics. General management experience is ideal, though 
senior strategic marketing experience could be substi- 
tuted for full P&L. Exposure to corporate development 
or market development would be attractive. and we 
prefer a first tier education. 


Compensation will include a very attractive W2 and a 
major equity position. Location is in Northern California. 


All responses will be treated absolutely confidentially 
and personal interviews will be arranged promptly. 
Please write to us at: Board of Directors, Box NW1395 
cl o Nature Classified 65, Bleecker Street, 

(NW1395 






JA 









New York, NY 10012. 


ASSISTANT/ 
ASSOCIATE PROFESSOR 


{tenure track) 


Department of Medicine, Stanford 


The Division of Oncology will be appointing a laboratory based medical 
oncologist at Stanford. We are searching for an individual with indepen- 
dent research capability and a record of productivity, preferably in the 
areas of molecular biology as it relates to viral oncology, immunology, 
genetics or chemotherapy of neoplasia. In addition, this individual will 
be expected to participate in teaching programs and patient care in 
medical oncology. Send résumé, including bibliography and summary 
of research goals, to: Dr. Ronald Levy, Chairman, Search Committee, 
Division of Oncology, Stanford University School of Medicine, Room 
M211, Stanford, California 94305. Stanford is an Equal Opportunity 
Employer and welcomes nominations of women and minority group 
members and applications from them. (NW1390)A 


RESEARCH POSITIONS 


Three Post Doctoral and/or Research Associate 
Positions available for studies on 


a) Novel tissue growth factors. Candidates preferred with experience 
in tissue culture, protein isolation and characterization HPLC, 
monoclonal antibodies and hybridoma technology; 
b) Regulation of cell surface receptors. Candidates with a Ph.D. in 
biochemistry or molecular biology preferred. Techniques to be used 
are isolation and characterization of membrane receptor proteins using 
monocional antibodies and cDNA cloning sequencing and gene transfer 
experiments; 
c) Developmental and hormonal regulation of gene expression. 
Candidates with experience in recombinant DNA, cloning sequencing, 
expression vectors and cell transfection studies preferrred. 
Submit statement of interest, curriculum vitae and names of 
-E three references to Dr. Henry G. Friesen, Professor and Head, 
| Department_of Physiology, The University of Manitoba, 770 
Bannatyne Avenue, Winnipeg, Manitoba, R3E maar’ ein 











CSIRO 
AUSTRALIA 


RESEARCH FELLOW 

$A25,342 — $A37,274 : 

DIVISION OF CHEMICAL PHYSICS | 
LUCAS HEIGHTS NSW : 


FIELD: Properties of lon implanted Solids. : 
CSIRO conducts scientific and technological research in laboratar 






























are grouped into five institutes: Animal and Food Sciences, Biologic 
Resources, Energy and Earth Resources, Industrial Technology an 
Physical Sciences. The CSIRO Division of Chemical Physics: is. 
Division of the Institute of Physical Sciences. i 
GENERAL: The Division of Chemical Physics is principally located a 
Clayton, Victoria, with a smaller unit at the Lucas Heights Researc! 
Laboratories, Lucas Heights, New South Wales. The Divis 
prosecutes a broad program of research in chemical physics, usin 
fundamental methods. Presently there are twelve sections: atomie 
mass and molecular spectroscopy {including specialized opti 
electron microscopy, electron diffraction, X-ray diffraction 
computing, theoretical physics, crystal defect physics, radiatio 
effects (including radiation chemistry and ion implantation), solid stat 
science, surface science, and instruments and engineering services 
Divisional research objectives are both fundamental and applied.: 
BACKGROUND: The lon Implantation Group at Lucas Heights i 
Sydney investigates the surface properties of metals and semi- 
conductors following lon Implantation. The characteristics of’ th 
implanted surface are studied with the goal of determining mechanism: 
underlying the changing surface properties and hence useful alteratic 
and application of these properties. i 
Current emphasis is on the friction and wear properties of implant 
steels and medical alloys and the use of unanalyzed ion beams for thi 
doping stage of silicon for solar cell fabrication. Pulsed laser annealin: 
is an important part of these studies. The Group makes use of two jo 
implanters, ruby and CO2 lasers, wear machines, diagnostic techniqu 
such as Rutherford backscattering, Auger electron spectroscopy, al 
TEM and has considerable computing facilities. ; 
DUTIES: Undertake research into the lon implantation of metals 
ceramics and semi-conductors, with emphasis being placed on th 
development of an understanding of the processes involved and of the! 
practical application. The appointee will be expected to’ tak 
responsibility for certain areas of the program and to show initiative | 
developing the program into new areas. 3 
QUALIFICATIONS: A PhD degree or equivalent qualification i 
Physics, Materials Science or Physical Metallurgy and demonstra’ 
ability to undertake independent scientific research. Experience 
surface characterisation techniques of the type detailed above is high 
desirable. al 
TENURE: The position is offered for a fixed term of three years. 
Australian Government superannuation benefits are available. i 
APPLICATIONS: Stating relevant particulars, including detail 
of qualifications and experience, the names of at least twa pro: 
fessional referees and quoting reference No A 2485 should b 
directed to: 

The Chief 

CSIRO Divison of Chemical Physics 

PO Box 160 

CLAYTON VICTORIA 3168 

AUSTRALIA 

by four week from publication date. 

CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
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MOLECULAR GENETICIST 
Assistant Professor 


Department of Animal Science, 
University of Minnesota, St. Paul 


To develop molecular genetic/ gene transfer systems in mammalian farm 
animals or ruminant bacteria; teach and advise in area of speciali 
tion; 12-month tenure-track appointment. Required: PhD in a Biological 
Science, research in molecular genetics and recombinant DNA 
technology. Desired: Training in genetics, immunology, embryology, 
or cell biology and technical competence in microscopy, microinjec 
tion, cytogenetics and cell culture. Submit C.V. with publication record, 
transcripts, research interest and have 3 reference letters sent by Mar. S 
15, 1985 to Dr. Kevin S. Guise, 495 ANSc/VM, University of Minnesota, | 
St. Paul, MN 55108. Phone 612-376-5673. The University of Minnesota, 
is an equal opportunity educator and employer and specifically invites 
and encourages applications from women and minorities. 































= Biologist 


This is an opportunity to originate and carry out investigations into the 
iour and physiology of animals of interest to the marine and freshwater 
jes. 

_ You will join a team of scientists studying the responses of fish to physical, 
hemical and biological factors in their environment and will participate in 
going research projects. Self motivation will be necessary and you will be 
‘to develop your own projects, both practical and theoretical, within the 
a of overall interest. 

You should have a good honours degree in biology and have a sound 
wiedge of mathematics and physics with a minimum of 4 years’ relevant 
t-graduate research and development experience. An established record 
xperimental biology, preferably with experience of marine organisms is 
equired. Experience of computer programming and research vessels would 
an-advantage. 

Appointment as Senior Scientific Officer. Please quote reference 


‘isheries Biologist 


This isan opportunity to contribute to research and scientific investigations 
the assessment and management of exploited fish stocks, especially those 
the west of the British Isles and along the shelf edge. You will analyse and 
epret data and results and apply standard methods of assessment and 
tical procedures. 

You should have a good honours degree in biological science, preferably 
marine biology and be familiar with the application of mathematics and 
tistics in this field. Final year students may not apply for this post. 
Appointment as Scientific Officer. Please quote reference $B/90/AD. 


athematical Ecologist 


This is an opportunity to supervise and carry out research and scientific 
astigations on the assessment and management of exploited fish stocks, 
ially through the application of mathematical modelling techniques for 
tudy of the effects of ecological and environmental factors on problems of 
i stock management. 

You should possess a good honours degree in mathematics, statistics, 
antitative biology or other relevant scientific discipline, with a minimum of 
ears’ relevant post-graduate research and development experience including 
gramming in FORTRAN or other high-level language. 

\ppointment as Higher Scientific Officer. Please quote reference 

























































































SALARIES: Scientific Officer £5905 - £8150. Higher Scientific Officer £7435 
10,035. Senior Scientific Officer £9325 ~ £12,050. 
For further details and an application form (to be returned by 
14 February 1985) write to Civil Service Commission, Alencon Link, 
Basingstoke, Hants, RG21 1B, or telephone Basingstoke (0256) 468551 
(answering service operates outside office hours). 
Please quote appropriate reference. 
The Civil Service is an equal opportunity employer 


scientific 


Civil Service =u 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF CHEMISTRY 


SERC POST-DOCTORAL 
POST 


An SERC Post-Doctoral post is 
available for up to 2 years for a 
Physicist or Physical Chemist inter- 
ested in instrumental development in 
the field of electron spin resonance. 


Applicants should write in the first 
instance, giving all relevant details, to 
Professor M C R Symons, Depart- 
ment of Chemistry, The University, 

| Leicester LE] 7RH. (S224)A 
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ORNELL UNIVERSITY 
STDOCT ORAL POSITION 
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cts of new retroviral oncogenes. 
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gram, Memorial Sloan-Kettering 
acer Center, Graduate School of 
ical Sciences, Corneil Univer- 
1275 York Avenue, New York, 

21, (NWI384A 






AUSTRALIA 


PLANT PATHOLOGY 
EPIDEMIOLOGIST AND 
DISEASE PHYSIOLOGIST 


(2 Positions) 
$A25,342 — $A37,274 


DIVISION OF 
TROPICAL CROPS AND PASTURES 


CSIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
some 2300 are professional scientists. The Organization's research 
activities are grouped into five Institutes: Animal and Food Sciences, 
Biological Resources, Energy and Earth Resources, Industrial 
Technology and Physical Sciences. The CSIRO Division of Tropical 
Crops and Pastures is a member of the Institute of Biological 
Resources. 

The Division is conducting comprehensive research programs to 
establish a scientific basis for the improvement of crop and pasture 
systems in tropical and sub-tropical Australia. The fungal disease 
anthracnose {caused by Colletotrichum gloeosporioides) seriously 
damages pastures and seed crops of Sty/osanthes cultivars in northern 
Australia. A collaborative research program has been developed 
between CSIRO, the University of Queensland and the Queensland 
Department of Primary Industries aimed at controlling the disease. The 
major emphasis is on the development of cultivars with broadly based 
resistance to the diverse races of the pathogen. This approach is 
supported by basic studies on the pathogenic specialisation, 
epidemiology, bistology and genetics of the host-parasite interaction. 
The collaborative program is now to be strengthened by the 
appointment of an epidemiologist and a disease physiologist. The 
appointees will be located in the Botany Department, University of 
Queensland, adjacent to the Division's headquarters at the 
Cunningham Laboratory. The epidemiologist will undertake extensive 
field experimentation in north Queensland. 


POSITION A 2251 — RESEARCH 
SCIENTIST/ SENIOR RESEARCH 
SCIENTIST — EPIDEMIOLOGIST 


DUTIES: To undertake research on the epidemiology of anthracnose 
disease in cultivar mixtures and genetically heterogeneous population 
of Stylosanthes species in tropical and sub-tropical Australia. Through 
collaboration with other members of the team, the epidemiologist will 
seek to develop a general model to predict the disease reactions of 
Stylosanthes populations. 

QUALIFICATIONS: A PhD degree or equivalent qualifications in a 
relevant discipline together with proven research ability. Experience in 
research on the epidemiology of foliar pathogens would be an 
advantage. 

TENURE: indefinite with Australian Government superannuation 
benefits available. 


POSITION A 2177 — RESEARCH FELLOW 
— DISEASE PHYSIOLOGIST 


DUTIES: To undertake research on the disease physiology of 
interactions between genotypes of Stylosanthes and races of 
C. gloeosporicides. 

QUALIFICATIONS: A PhD degree or equivalent qualifications in a 
relevant discipline together with proven research ability. 

TENURE: The appointment is for a five year term. 

APPLICATIONS (Both Positions}: Stating relevant personal 
particulars, including details of qualifications and experience, 
the names of at least two professional referees and quoting the 
relevant reference number should be directed to: The Chief, 
CSIRO Division of Tropical Crops and Pastures, 306 Carmody 
Road, St Lucia QLD, Australia 4067 by 4 weeks from date of: 
publication, (WIB73)A 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 
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Clinical Research 
Associates 


Respiratory and Antibiotic Research Group 
Greenford, Middx. c.£13,000 (inclusive) + car 


Glaxo Pharmaceuticals, part of the Glaxo Group, are responsible for the manufacture 
and sale of pharmaceuticals in the UK. 











We are currently seeking two experienced Clinical Research Associates to join our 
Clinical Research Division, based at Greenford, Middlesex. The work of the Division 
covers registration trials on line extension world-wide, trials of international marketing 
importance, and trials of local interest to Glaxo’s overseas companies. 







Reporting to a Clinical Research Physician, the successful applicants will each be 
responsible for designing, organising and monitoring clinical trials — phases 3 and 4 — 
on specific topics related to a particular therapeutic area. Travel, both in the UK and 
overseas, is a necessary part of the job and a ‘company’ use car will be provided. 








Candidates should possess a post-graduate qualification in a scientific discipline, together 
with two to three years’ relevant experience. The ability to communicate effectively, both 
verbally and in writing is essential. 






Please write or telephone for an application form to Mr. I. Campbell, Senior 
Personnel Officer, 


Glaxo Pharmaceuticals LIMITED von 


GREENFORD ROAD, GREENFORD, MIDDX. Tel: 01-422 3434 ext. 2324 quoting ref. AP/780. 








LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE 
(University of London) 


There are five ig gulp g to join a growing research team with interests 
in the molecular biology of protozoal, viral and bacterial infections and in 
the development of vaccines and diagnostics. 


SENIOR MOLECULAR BIOLOGIST 


Applicants will be considered who wish to contribute to applied research 
in the new Wolfson Unit of Molecular Medical Microbiology and 
Parasitology, on either eukaryote or prokaryote agents of human disease. 
Candidates must have direct post-doctoral experience of recombinant DNA 
technology. There will be an opportunity to develop personal research 
intersts. The appointment will be for a minimum of 3 years. Salary negotiable 
on appropriate research scales according to experience and age. 


MOLECULAR BIOLOGIST 


With an interest in immunology, to work on the parasitic protozoan 
Trypanosoma cruzi in the Department of Medical Protozoology/ 
Wolfson Unit. The post, funded by the Wellcome Trust, is for 3 years at 
post-doctoral level with starting salary up to £9,390 plus £1,233 London 
Allowance, dependent upon experience and age. 


MEDICAL LABORATORY SCIENTIFIC OFFICER 


To support the above resarch on 7. cruzi. Appointment for 3 years with 
starting salary up to £5,952 plus £1,042 London Allowance. 


TWO RESEARCH STUDENTSHIPS 


Initially for 30 months, in the Wolfson Unit/Department of Medical 
Microbiology, for research on the viral agents of hepatitis and dengue. The 
awards cover fees and a personal stipend of £3,170 — £3,575 per annum. 


Candidates should send, as soon as possible, full curriculum vitae, 
specifying the post applied for, describing research interests and 
naming three professional referees, to the Personnel Officer, London 
| School of Hygiene and Tropical Medicine, Keppel Street, London 
-WCIE 7HT. (5255) 







DIRECTOR 
CELL SCIENCE LABORATORY 


Biotechnology Center 
University of Illinois at Urbana-Champaign 


The University of illinois at Urbana-Champaign invites applicants f 
the Directorship of its campus Cell Science Laboratory. Qualificati 

include a Ph.D. in Microbiology or a related field. Preference will be 
given to candidates who have completed postdoctoral work and wit! 

experience in cellular biochemistry, immunology, or cell culture and 
hybridoma technology. Familiarity with fluorescence-activated -cell 
sorting and analysis is desirable. 


Duties will be to direct and oversee the operations and continued 
development of a well-equipped and staffed campus-wide Cell Science. 
Laboratory. The Laboratory will have service, training, and research 
responsibilities which will initially focus on hybridoma technology but 
will develop to include other innovative technologies in cell biology. 


This is a permanent, full-time academic professional position. Starting 
date will be as soon after March 1, 1985 as possible. Salary will be based 
on experience and qualifications. ‘ 
To expedite the filling of the position, qualified applicants may be 
interviewed during the advertising period. All applications received bi 
March 1, 1985 will receive full consideration. Send letter of application, 
vita, and the names, addresses and phone numbers of three references 
to: 







































































Dr. Wayne A. Tompkins 

Veterinary Pathobiology 

University of illinois at Urbana-Champaign 

2227 Veterinary Medicine Basic Sciences Building 

2110 South Lincoin Avenue 

Urbana, illinois 61801 

217-333-7825 
“The University of Illinois is an affirmative action/equal opportunity. 
employer” INW1396)A 
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EPARTMENT OF GEOLOGY 
TEACHING FELLOW/ 
SENIOR TEACHING 
FELLOW 


The. Department of Geology 
ks a teaching fellow/senior 
teaching fellow to carry out duties 
associated with training of Saudi 
rablan geology graduate 
udents. The teaching pro- 
amme will be based in South- 
on with about ten weeks 
Hdwork in the U.K. Specialist 
ip with field areas will be 
ided, 
andidates should have a good 
knowledge of field techniques 
d, ideally, previous experience 
working with Saudi Arabians 
t lack of this should not deter 
herwise well-qualified candi- 
tes. The contract will be for six 
nths commencing no later 
tMarch 1985. 


= 

























fessor Yo703/ 
559122) or from D A S Copland, 
| The. University of South- 
ampton, Southampton SOS 
i to whom applications 
should be sent in duplicate 
_giving a brief curriculum vitae 
and the names of two refer- 
ees. Closing date February 4, 













Molecular Biologist 
This opportunity will require an M.S. in a Life Science (Biochemistry, Genetics, Molecular 
Biology) with demonstrated skills in host-vector development, protoplast formation and 
regeneration, and mutagenesis and screening. Industrial experience, particularly with gram- 
positive organisms is a plus, but not essential. 
At Lederle Laboratories, you'll discover a stimulating, highly professional state-of-the-art 
environment in beautiful Rockland County, just 35 mites from New York City. And, we provide a 
highly competitive compensation and benefits package, including a 401K savings plan option. 
For immediate consideration, forward your resume, including salary requirements, in confidence 
to: Mrs. Nancy Levine, Professional Employment Coordinator, Lederle Laboratories, American 
Cyanamid Company, Medical Research Division, Pearl River, New York 10965. An Equal 
Opportunity Employer m/t 


Dedicated People 
Dedicated to People 
Since 1906 


UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF GEOLOGY 


LECTURESHIP IN 
ENGINEERING 
GEOPHYSICS 


Applications are invited for a 
Lectureship in Engineering 
Geophysics in the Department of 
Geology. Applicants, who should be 
under 36 years of age, should have a 
PhD or equivalent in either structural 
geology or geophysics. The person 
appointed will be expected to contri- 
bute to teaching of the BSc courses in 
Exploration Geophysics, in Geology 
and to final year courses in the Engin- 
eering Faculty related to the 
mechanical and physical properties 
of dry rocks and aquifers. The 
applicant will be expected to have an 
interest in either rock fracture 
mechanics or the application of soil 
mechanics to geology and will be 
encouraged to work closely with one 
of two developing research groups, 
viz Rock Mechanics or Basin 
Analysis. Salary will be on the scale 
£7,520 - £14,925 + £1233 LA. 


Applications should be made in 
writing by 15 February 1985 (3 
copies), with the names and addresses 
of three referees, to Professor M G 
Audiley-Charles, Department of 
Geology, University College 
London, Gower Street, London 
WCIE 6BT from whom further 
information is available. It is hoped 
to arrange interviews in mid-March 
for an appointment to begin on 1 
August 1985. (S238)A 


What will you 


iscover 


when you join Lederle? 


At Lederle Laboratories we're putting research to work. We are actively involved in the discovery 
and development of new pharmaceuticals to treat major diseases and deficiencies. Currently 
we have important work for individuals who will participate in the areas of purification and 
characterization of enzymes involved in antibiotic biosynthesis and the development of gene 
cloning techniques in antibiotic-producing microorganisms. 
Post-Doctoral Research Fellow 

The successful candidate for this fellowship will have attained a Ph.D. in Biochemistry, Genetics, 
or Molecular Biology and will have advanced training in the isolation and characterization of 















(NW1391)A 

















UNIVERSITY OF 
CALIFORNIA 


ASSISTANT RESEARCH 
BIOCHEMIST 
position available June 1, 1985 in the 
Metabolic Research Unit, University 
of California, San Francisco. 


Requirements: PhD in Bio- 
chemistry with 2-4 postdoctoral 
experience in cell biology, 
physiology, or endocrinology. 
Candidate is expected to perform 
independent but integrated research 
on the in vitro synthesis, storage and 
secretion of insulin and the effect of 
chemical and immunologic attack on 
these processes. In addition to a 
broad background in endocrinology, 
protein chemistry and amphibian 
physiology, candidate must have had 
practical experience with radio- 
immunoassay of polypeptides and 
a variety of protein analytical 
techniques, including HPLC, 2-D gel 
electrophoresis Western Blots and 
general column chromatography. 
Salary: Upon request. 


Submit Curriculum Vitae, a list of 
at Jeast three persons willing to write 
letters of reference, and any other 
relevant material by May 1, 1985 to 
Dr Gerold Grodsky, Chairman 
Search Committee, Metabolic 
Research Unit, HSW-1141, 
University of California, San 
Franciso, California 94143. 


The University of California is an 
Equal Opportunity/Affirmative 
Action Employer. Women and 
Minorities are encouraged to apply. 

(NWI1389)A 





UNIVERSITY OF 
EAST ANGLIA 
Norwich 


LECTURESHIP IN 
SEDIMENTOLOGY 


Applications are invited for a 
lectureship in Sedimentology in 
the School of Environmental 
Sciences from 1 April 1985 (or not 
later than 1 October 1985). Sala 
will be on the scale £7520 - £1492 
per annum plus USS benefits. No 
area of specialisation has been 
determined in advance, but the 
appointee would be expected to 
have experience in both “geo- 
logical” and ‘process’ sedi- 
mentology, to make a substantial 
contribution to courses in sedi- 
mentology and earth history, and 
to develop effective links with the 
School's established interests in 
oceanography, germorphology 
and other geophysical sciences. 
Applications (three copies) 
which should include a full 
curriculum vitae, including 
exact date of birth, together 
with the names and addresses 
of three persons to whom 
references may be made, 
should be lodged with the 
Establishment Officer, Uni- 
Korach Ane FAS ete 
orwic elephone 
0603 56161 ext 2126) from 
whom further particulars may 
be obtained, not later than 1 
February 1985. No forms of 
application are issued. (5196) A 




























































MEDICAL RESEARCH 
COUNCIL 


LABORATORY OF 
MOLECULAR BIOLOGY 


Cambridge 
Applications are invited for a 


CAREER NON-CLINICAL 
SCIENTIFIC 


post with the Medical Research 
Council to conduct innovative 
research in those aspects of molecular 
immunology concerned with the 
expression of antibody genes. The 
post is tenable in the Laboratory’s 
Division of Protein and Nucleic Acid 
Chemistry in the first instance. 


Candidates should have first-hand 
experience in the area of recombinant . 
DNA technology, basic immunology 
and eukaryotic gene expression. They 
should have demonstrated ability for 
independent research, 


Remuneration will be at an appro- 
priate point on the scales for uni- 
versity non-clinical academic staff. 
Further information may be obtained 
from the Assistant Director (Admini- 
sation) quoting reference PNAC/ 
18. 


Applications — including a full ev, 
publications list, the names of two 
professional referees and a statement 
of not more than 500 words des- 
cribing their proposed research inten- 
tions — should be sent by 14th 
February 1985. 


The Assistant Director (Admini- 
stration), MRC Laboratory of 
Molecular Biology, Hills Road, 
Cambridge CB2 2QH. T: 
bridge (0223) 248011. 











UNIVERSITY OF 
CAMBRIDGE 


Department of Genetics 


Three Research Posts are available 
to work with Dr M.J. Evans. 


1) RESEARCH ASSISTANT 
Applications are invited for this ap- 
ointment on a five year project 
unded by the Cancer Research 
Campaign on retroviral genetic 
transformation of mouse embryo 
totipotential stem cells (EK cells) 
and their re-incorporation into fer- 
tile chimaeric mice. Applicants 
should have experience in 
molecular biology and tissue 
culture, 

2) RESEARCH ASSISTANT 
Applications are invited for this ap- 
pointment on a project funded by 
the MRC and held jointiy with Dr 
M. Kaufman involving isolatin 
and study of the properties o 
` totipotential embryonic stem cell 
lines from haploid mouse em- 
bryos. The research involves 
mouse embryo culture, micro- 
manipulation, tissue culture and 
karyotype analysis, Experience in 
these areas would be an advan- 
tage and appointment is for one 
year. 


3) RESEARCH ASSOCIATE 
Applications are invited for this ap- 
pointent to work on an MRC 
unded project to investigate the 
developmental biology of _the 
murine ecotropic retrovirus 
associated with the recessive em- 
bryonic lethal agouti-locus allele 
AY . The expression of the 
retroviral element will be follow- 
ed through normal ontogeny and 
studied using EK cell lines 
heterozygous for this allele. The 
poy of isolating cell lines 
omozygous for the allele will be 
explored. The project will take 
place within a laboratory activel 
pursuing other aspects of EK cell 
development and expression of in- 
tegrated retroviral elements. _ 
Applications to Dr M.J. Evans, in- 
cluding curriculum vitae and the 
names of two academic referees. 
Further details may be obtained 
from Dr M.J. Evans, Department 
of Genetics, Downing Street, 
Cambridge CB2 3EH. Salary ac- 
gording to age, e.g. at age 24, 
£7,520 p.a. (5263)4 
















































UNIVERSITY OF FLORIDA 
DEPARTMENT OF MEDICINE 
seeks 


ASSISTANT RESEARCH 
SCIENTIST 
in the Division of Nephrology 
and Hypertension. 

Candidates must hold PhD degree 
and should have at least three years 
post-doctoral experience in 
physiology or related fields. The 
individual will have responsibility of 
research investigating the roles of 
thromboxane/prostaglandins in 
renal hemodynamics using micro- 
puncture methods. 


Recruiting deadline: March 1, 
1985. Anticipated starting date: April 
1, 1985. Contact C S Wilcox, MD, 
PhD, Box J-224 JHMHC, University 
of Florida, Gainesville, Florida 
32610. 


An Equal Employment Oppor- 
tunity/Affirmative Action 
aployer. (NW1368)A 

















































LUND UNIVERSITY, 
SWEDEN 
announces a permanent 

professorship in 


MICROBIOLOGY 


at the faculty of mathematics 
and natural sciences 


The professorship comprises the 
study of the molecular biology, 
physiology, genetics, morphol- 
ogy, systematics and ecology of 
viruses, bacteria and eucaryotic 
microorganisms (protozoa, algae 
and fungi). Research activities 
should be concentrated to the 
fields of molecular biology, 
physiology, genetics and 
morphology of microorganisms 
including viruses. 

Reference number 18640. 
Principles of promotion for 
professorships are mentioned in 
chapter 19, paragraph 13 of the 
Swedish Higher Education 
Ordinance. 

The application letter should be 
addressed to the Swedish 
Government (Ref. no. should be 
included) but be sent to the 
Registrar, Lund University, P.O. 
Box 117, S-221 00 Lund, 
Sweden. 

Deadline for receipt of materials: 
February 13, 1985. 

Starting salary: 146 852 - 167 568 
Sw. cr. per annum {before tax 
deductions). 

The applicant should include the 
following items in the application: 
1. A short written summary of 
his/her scientific and pedagogic 
activities (1 copy): 

2. A witnessed (two names) list of 
qualifications and a list of 
scientific publications (1 copy); 
3. Copies of certificates {testi- 
monials) and other documents to 
which the applicant wishes to 
refer (1 copy): 

4. 4 copies of each scientific 
work, numbered as in the above- 
mentioned list (2) and distributed 
into 4 packages for review by the 
selection committee. 

The items mentioned under (3) 
and (4) may he submitted not later 
than march 6, provided they are 
listed under points (1) and (2) 
mentioned above. (W1560)A 








UNIVERSITY OF GLASGOW 
DEPARTMENT OF DERMATOLOGY 


POSTDOCTORAL 
SCIENTIST 


Applications are invited for a post- 
doctoral scientist to work on a three 
year research project funded by the 
Scottish Home & Health 
Department. The project involves 
immunoelectron microscopy and 
study of basement membrane com- 
ponents associated with premalig- 
nant and malignant skin diseases. 
Experience of electron microscopy 
essential. 


University salary scale 1A for 
Research & Analogous Staff, starting 
at up to £10,330. Applications with 
full CV and names of 2 referees 
should be sent to Professor R M 
MacKie, University Dept of 
Dermatology, Anderson College 
Bldg, 56 Dumbarton Rd, Glasgow, 
G11 6NU, by February 15th, 1985. 
The department can be visited by 
appointment. (5213)A 









































































Our business is growing, and research staff at Jealott’s Hilt are- 
playing a key part in the expansion. : 
We are looking for someone to lead a team which will discover and 
evaluate novel chemical compounds for use as agricultural plant 
growth regulators. This will involve designing and operating ; 
glasshouse/growthroom screens, and taking part in fundamental: 
research projects with chemists, biochemists and biologists. 
If you have studied botany or agricultural science, preferably to PhD. 
level, have a good understanding of crop physiology and chemistry 
and have a knowledge of agronomic practices in major world craps, 
you could be the sort of person we need. ape 
You must have also: 
— An imaginative and flexible approach to work 
— The ability to see how effects observed in the laboratory will be 
valuable to farmers and growers ; 
— enthusiasm, drive; good teamwork and communication skills’ 
We can offer £10,000/£15,000 per annum depending on experien 
and will help with relocation expenses. Other benefits include = 
membership of our Profit Sharing Scheme and Pension Fund. 
If you are interested in this post, please send a detailed letter 
of application and a curriculum vitae to reach us no later tha 
15 February at the address given below. We plan to hoid 
interviews during week beginning 4 March. j 
Personnel Department, ICI Plant Protection Division, 
Jealott's Hill Research Station, Bracknell, Berkshire 
RG12 6EY. 
Please quote reference number WGR/ CP 

















































Plant Protection 
Division 









THE UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH 


WELSH PLANT BREEDING STATION 









Temporary l 
HIGHER SCIENTIFIC 
OFFICER 


in the Station’s Tissue Culture and Genetic Manipulation Section. The: 
post is a temporary one funded by the EEC to 31 March 1986. The 
successful candidate will be required, under the supervision of the Head 
of the Section, to complement the research programme on cell and 
protoplast culture of forage species. oe 
Applicants should have a first or upper second class honours degree in 
Botany, Agricultural Botany, Biochemistry, Genetics or related subject 
with at least two years relevant post-graduate experience. Preference 
will be given to candidates with experience or interest in cell and prot 
plast culture. ; 
Pay Scales: (HSO) £7,435 - £10,039. Starting salary according to quali- 
fications and experience. Non-contributory pension scheme but a 
male employees contribute 114% towards widows pension benefits: 
Further particulars and application forms are available from The: 
Secretary, Welsh Plant Breeding Station, Plas Gogerddan, 
Aberystwyth, Dyfed. Closing date for applications is 15 February 
1985. (Quote reference 84/9). : 


The WPBS is an Equal Opportunities Employer. 


















(5203)A 





























Posts 
- Overseas 


chair of Botany 


@ person appointed to a newly created Chair in Botany may be re- 
d to assume the duties of Head of Department at some time in 
the future. As such he will provide leadership in teaching and research. 
ide- range of research facilities within the major fields of plant 
iology, ecology, systematics and taxonomy, mycology and plant 
ology and hydrobiology are offered. 
Department of Botany is a member of the School of Biology which 
has: five departments including Biochemistry, Botany, Genetics, 
icrobiology and Zoology, which run joint courses, including an M.Sc. 
‘coursework in Biotechnology. 


shair of Zoology 


‘The person appointed to the Chair of Zoology may be required to assume 
the headship of the department at some in the future. 

is the University’s concern to make an appointment the basis of 
Outstanding personal attributes rather than field in interest. An en- 
thusiasm for teaching, a lively interest in research and the ability to cross 
disciplinary boundaries will be taken into consideration. Leader- 
in. the applicant's research field will be a requirement for 
intment. 
jlicants not meeting the requirements for senior posts may be of- 
d appointment at a lower level. 


enior Lecturer/Lecturer | 
epartment of Physiology 


ytstanding teaching and research opportunities exist for a Senior Lec- 
rer/Lecturer in the Department of Physiology. The major interests 
clude: cardiovascular physiology — neurophysiology — thermoregula- 
tion ~ biomechanics/energetics — mathematical biology — and com- 
juter: simulation. 

A higher science degree or a medical or veterinary qualification is a 
recommendation. In the case of registered medical practitioners ar- 
rangements can be mede for a remunerated part-time attachment to 
nical department for the purpose of patient care and research. 


‘exceptional cases provision will be made for appointments as Senior 
Lecturer at a higher salary. 
Salary Range per annum Professor: R34 071 — R39 477 

: Senior Lecturer: R23 916 — R30 174 
: Lecturer: R16 257 — R27 648 
Benefits: annual bonus; housing subsidy (if eligible); generous leave; 
ansion; medical aid; remission of fees; sports facilities; clubs; removal 

el and setting in allowances may be payable. 

The policy of the University of not to discriminate on grounds of sex, 
race, colour or national origin. 
bmit applications by 15 February 1985. For a detailed information 
sheet contact Mr, Geoff Henning, South African Universities Office, 
Chichester House, 278 High Holborn, London WCIV ae 
ae W1564)4 


UNIVERSITY OF 
THE WITWATERSRAND 


TORONTO OFFICE 
nA Peter Drake & 
Associates 


17 Pine Crescent 
LONDON OFFICE Toronto, Ontario M4E ILI 
Mark Pearson 


Tet: (416) 690-2423 


4 Little Essex Street NEW YORK OFFICE 
London WC2R 3LF Miss Gene Fein 

Tel: 01 240 1101 15 East 26 Street 
Telex: 262024 New York, NY 10010 
Tel: (212) 689 5900 
































ST. LOUIS UNIVERSITY 
SCHOOL OF MEDICINE 


TENURE-TRACK APPOINTMENT 
IN PHARMACOLOGY 


The Department of Paharmacology at St. Louis University School of 
Medicine is seeking qualified applicants for a tenure-track appointment 
in Pharmacology at the Assistant Professor level. Candidates must 
possess a Ph.D. or M.D. degree (or equivalent), have a period of 
productive postdoctoral training and have demonstrated research 
experience in autonomic, biochemical, cardiovascular or neuro- 
pharmacology. Candidates must be committed to quality teaching and 
research and will be expected to develop a strong research program 
supported by extramural funding. Interested persons should send 
a curriculum vitae and bibliography. three letters of 
recommendation and a brief description of future research plans 
to: 






















Dr. Thomas C. Westfall 

Professor and Chairman 

Department of Pharmacology 

St. Louis University School of Medicine 
1402 South Grand Boulevard 

St. Louis, MO 63104. 


St. Louis University School of Medicine is an Affirmative Action/ Equal 
Opportunity Employer. (NW1353)A 








































Research Associates 


The Daresbury Laboratory, one of the Science and Engineering Research 
Council's major laboratories, is situated in the North Cheshire ide, It 
is operating national facilities for research into a broad range of physics, 
chemistry and biology as well as nuclear physics and computational science, 
In particular the Laboratory's Synchrotron Radiation Source is the world's first 
high energy (2 GeV) electron storage ring specifically designed to supply 
synchrotron radiation to a broad range of experiments in the x-ray, VUV and 
other regions of the electro magnetic spectrum. 

The following Research Associate posts exist: 


Applications of Synchrotron 
Radiation mer. p1/875) 


Vacancies exist for Research Associates who wish to pursue original 
investigations or to develop novel techniques associated with the application 
of synchrotron radiation to physical, chemical or biological problems. In 
particular new facilities exist or are being developed in small angle 
diffraction, soft x-ray microscopy, surface diffraction and energy dispersive 
EXAFS. Opportunities are available for active research collaborations in 
these fields. Other research areas include atomic and molecular 
spectroscopy, X-ray absorption spectroscopy, x-ray topography, protein 
crystallography, time resolved UV spectroscopy and powder diffraction. 
Applicants would be expected to have obtained a good honours degree, a 
recent Ph.D. ina relevant research area and to have demonstrated aptitude to 
generate self motivated research goals. Enthusiasm, versatility and the ability 
to work as a member of a team are essential pre-requisites. 


Application of Synchrotron 
Radiation to Structural Studies of 
Biological Systems (ret. 1/399) 


A Research Associate post, jointly funded by the MRC Laboratory of 
Molecular Biology, Cambridge, and SERC Daresbury Laboratory, is 
available. Applications are invited from holders of a Ph.D. degree 
(preferably with at least one year’s postdoctoral experience) and with a 
background in physical chemistry. An interest in instrumentation for x-ray 
methods is required. The successful applicant will work with Dr J. Bordas on 
the development of the Synchrotron Radiation techniques (eg x-ray stopped 
flow) needed by the research programme on structural studies in biological 
systems in which the two sponsors are engaged. He/she will also be 
expected to actively participate in research activities of the Laboratory in 
collaboration with the in-house staff and the user community. Previous 
experience of Synchrotron Radiation research is not a pre-requisite 
although it would be advantageous. 

The appointments will be for a maximum period of 3 years and will 
be made at a grade up to and including that of a Senior Research 





Associate (depending on age, ability ahd experience) on a salary 
scale of £7,334 to £11,220 per annum. There is a non- “nx 


contributory superannuation scheme. 
Closing date: 15th FEBRUARY 1985. 
Further information and application forms quoting 
the appropriate reference number may be 
obtained from: The Personnel Officer, 
Daresbury Laboratory, Science and 
i ing Research Council, 

Daresbury, Warrington, 
aaa ues 4AD. 

lephone: Warringto! 
(0928) 65000, Ext. 467. (B267)A 
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The Deutsches 
Krebsforschungszentrum 
Heidelberg 






invites applications for the 


Head 


of a project group on 


Classical and 
Molecular 
Cytogenetics. 


The initial appointment will be made for a period of five years. 
The subsequent establishment of an independent division is 
envisaged. 









The successful candidate should be familiar with methods of 
classical cytogenetics as well as of molecular biological 
techniques and should be actively engaged in cancer research. 


Salary will be provided according to the Tariff for Federal 
Employees (BAT ta); at present laboratory space and support 
are available for a period of five years. Two scientists and two 
technical assistants will be assigned to the group. 





Applications with the usual documents as well as a proposal for 
a research program should be submitted to the 
Stiftungsvorstand of the Deutsches Krebsforschungszentrum, 
In Neuenheimer Feld 280, D-6900 Heidelberg 1, not later than 
March 15, 1985. 

(W1562)A 


Appointment of Director at 
the Royal Horticultural 
Society's Garden, 
Wisley, Surrey 


Applications are invited for the post of Director for the RHS 
Garden, Wisley, Surrey following the appointment of Mr. C.D. 
Brickell the present Director to the position of Director General 
of The Royal Horticultural Society. 


The successful applicant is likely to be between 30-45 years of 
age, possess a degree in Horticulture/Botany, an NDH or a 
relevant equivalent qualification and must have proven admini- 
strative and managerial ability and experience. 
Further details of the post may be obtained by applying, in 
writing, to: 

The Director General, 

The Royal Horticultural Society, 

P.O. Box 313, 

Vincent Square, 

LONDON SW1P 2PE 
Completed applications must be received not later than March 

eo Ast, 1985. (B240)A 
































_€SIROIS AN EQUAL OPPORTUNITY EMPLOYER 





CSIRO 
AUSTRALIA 


Research 
Scientist/ Senior 


Research Scientist 
$A25,342 — $A37,274 
TWO POSITIONS 


DIVISIONS OF PROTEIN CHEMISTRY. 
and : 
CHEMICAL AND WOOD TECHNOLOGY 


MELBOURNE VICTORIA 


CSIRO conducts scientific: and technological research in laborato 
located throughout Australia and employs about 7,500 staff, of whe 
some 2900 are professional scientists. The Organization's researc! 
activities are grouped into five Institutes: Animal and Food Sciences 
Biological Resources, Energy and Earth Resources, Industri 
Technology and Physical Sciences. The CSIRO Divisions of Protei 
Chemistry and Chemical and Wood Technology are members 
Institute of Industrial Technology. 

FIELD: Molecular Biology/ Genetic Engineering. 

GENERAL: The Division of Protein Chemistry conducts scien 
research on the structure and function of proteins and their producti 
via biotechnology and synthetic routes. It has a total staff of 116.0 
the appointees will be a member of the program ‘Proteins. 
Agricultural, Veterinary and Technological Importance” which has 
professional scientists of whom 8 work in the recombinant DNA area 
Current research projects within the program include the production 
subunit and peptide vaccines, diagnostic probes, and the gene’ 
improvement of industrial micro-organisms. Besides recombinant DN, 
techniques, scientists in the Division have expertise in protein a 
peptide chemistry, immunachemistry, X-Ray crystallography, or 
chemistry, cell biology and electron microscopy. The Division is 
well equipped and has. excellent. facilities for recombinant DN/ 
research, The Division is situated at Parkville, in close proximity tosome 
of the major bio-medical research institutes in Australia; Melbo jin 
University, CSIRO Division of Animal Health, and the Commonwealth 
Serum Laboratories. There is excellent potential for collaboration w 
scientists in the above institutions, and elsewhere within and ou’ de 
the CSIRO. Adequate technical assistance will be provided to th 
appointee. : : 
The Division of Chemical and Wood Technology conducts researc! 
and technological development in the areas of biotechnology, wood 
and lignocellulose utilization, water and waste-water purification and 
agricultural engineering. It hasa total staff of 180 with 14 profession 
staff being directly involved in the Biotechnology programs. One of the 
appointees will be a member of the Industrial Microbiology program. 
The Division is well equipped for fermentation research, including the 
application of recombinant DNA techniques, and occupies a newly 
constructed laboratory adjacent to Monash University, Clayton: The 
building has excellent microbiological facilities including a C2 biohazard 
facility. eke 
DUTIES: The appointees will join a team from the Divisions of Anima 
Health, Protein Chemistry and Chemical and Wood Technology 
involved in the production of significant, new, biological products 
focussing initially on a vaccine for an important disease of poultry. 
Specific duties for both posts would include undertaking ‘research: 
leading to the modification of useful expression vectors for the 
production of the avian antigen vaccine and other high value proteins i 
microbial systems such as yeast, £ coli and other bacteria, 

The work in the Division of Protein Chemistry (Position No A 2488A) 
would be aimed at the more basic molecular genetics aspects, while the 
emphasis of the work in the Division of Chemical and Wood 
Technology (Position No A 2375} would be toward the development of 
systems suitable for use on a commercial scale. : 
QUALIFICATIONS: A PhD degree or equivalent qualifications, post: 
doctoral research in a relevant field, and demonstrated research abili f, 
Experience in recombinant DNA research is essential, Applicants 
should preferably have prior experience in the construction and use o 
yeast and/or bacterial expression vectors. ee 
TENURE: Indefinite with Australian Government superannuation 
benefits availabie. See 
APPLICATIONS: Stating relevant personal particular: 
including details of qualifications and experience, the names of 
at least two professional referees and quoting reference No A 
2488 or A 2375 should be directed to: Dr W 1 Whitton, Direc or, 
CSIRO Institute of industrial Technology, 3 Queens Road, 
Melbourne Vic, Australia 3004 by four weeks from date of issue. 
{[W1570]A 
















































































CSIRO 
AUSTRALIA 
RESEARCH FELLOW 


$A25,342 — $A31,270 
_ DIVISION OF ANIMAL PRODUCTION 
PROSPECT NSW 


SIRO. conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7, 500 staff, of whom 
me. 2900 are professional scientists. The Organization’s research 
vities are grouped into five Institutes: Animal and Food Sciences, 
iological Resources, Energy and Earth Resources, Industrial 
echnology and Physical Sciences. The CSIRO Division of Animal 
Production is a member of the Institute of Animal and Food Sciences. 
ELD: Genetic transfer systems in anaerobic bacteria. 
ENERAL: The Division of Animal Production, with Headquarters near 
Sydney, conducts research into various areas such as Biotechnology, 
Genetics, Immunophysiology, Minerals and Fertilisers, Nutrition, and 
Skin and Fleece Biology with the aim of improving the efficiency of 
ivestock production. 
DUTIES: To undertake research in the genetics of selected anaerobic 
bacteria from the rumen, and to develop systems for the transfer of 
netic material to rumen anaerobes. 
QUALIFICATIONS: A PhD degree or equivalent qualifications, 
preferably in Microbiology, Genetics or Biochemistry plus research 
experience in the techniques for studying the genetic systems of 
cteria. A knowledge of anaerobic culture techniques would be an 
advantage. 
TENURE. A term of three years with Australian government 
srannuation benefits available. 
APPLICATIONS: Stating relevant personal particulars, 
icluding details of qualifications and experience, the names of 
at least two professional referees and quoting reference No Y 
9224 should be directed to: The Chief CSIRO Division of Animal 
roduction PO Box 239 Blacktown NSW Australia 2148 by 4 
weeks from the date of publication. 
SIRO IS AN EQUAL OPPORTUNITY EMPLOYER (W1572)A 





























































MEDICAL RESEARCH COUNCIL LABORATORIES 
THE GAMBIA 


RESEARCH OFFICER 
IN IMMUNOLOGY 


‘Applications are invited for a post of research officer in immunology at 
the UK MRC Laboratories in The Gambia. The successful candidate for 
‘this-post will join a group studying the cellular immune responses to 
laria. Previous experience in cellular immunology is required but 
previous experience in parasitology is not essential. 

Asvinitial contract of 2 years will be offered which may be renewed. 

ary will be on the MRC scale and will be determined by qualifications 
and experience. 

Application forms and further details may be obtained from Ms 
aren Douglas, MRC, 20 Park Crescent, Lopndon WIN 4AL. The 
losing date for applications is end February 1985. (5245)A 

































El URE TRACK POSITION ANTICIPATED IN 


DEVELOPMENTAL NEUROBIOLOGY, 


UNIVERSITY OF CALIFORNIA, SANTA BARBARA 


with a special emphasis on the cellular and/or molecular basis of neural 
development. Candidate will be expected to participate in a newly- -formed 
jeurosciences Research ais ath and in graduate and undergraduate 
teaching programs in neur logy, cell biology, molecular biology, 
es pe immunology, or prannacaiogy: depending upon area of 
Excellence in research, D. degree, postdoctoral experience 
angh a strong commitment to a are required. The appointment if 
approved, will be effective July 1, 1985 with salary and rank dependent 
upon qualifications. 
Submit a curriculum vitae, brief summaries of previous and 
projected research and arrange to have at least three letters of 
ference sent to: The Chairman, Department of Biologi 
ances, University of California, Santa Barbara, California 93105 
y March 31, 1984. The University of California is an Equal Opportunity/ 
tive Action „Enployer, (NWI1409)A 













































UNIVERSITY OF 

CAMBRIDGE 

DEPARTMENT OF PATHOLOGY 
CLINICAL LECTURER 


Applications are invited for a post of 
Clinical Lecturer in the Department 
of Pathology, to hold office from 1 
May 1985 or as soon thereafter as 
possible. The person appointed will 
work primarily in the virology section 
of the Clinical Microbiology and 
Public Health Laboratory at Adden- 
brooke’s Hospital. Applicants must 
hold a registrable medical quali- 
fication and have passed, or obtained 
exempttion from, the primary 
examination of the Royal College of 
pathologists and should be of the 
standing required for an honorary 
contract as a Senior Registrar with 
the Cambridge Health Authority and 
the Public Health Laboratory 
Service. The person appointed will be 
expected to teach medical. micro- 
biology to preclinical as well as to 
clinical students. The office provides 
the opportunity for person appointed 
to qualify professionally and at the 
same time to undertake research. 


The appointment will be for four 
years in the first instance with the 
possibility of reappointment. The 
pensionable scale of stipends is 
£10,130 a year, rising by ten incre- 
ments to £17,560 with eligibility for 
non-pensionable payments for 
additional units of medical time. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
to the Appointments Committee, 19 
Trumpington Street, Cambridge, 
CB2 1QA, to whom applications (12 
copies) including a curriculum vitae, 
list of publications and the names of 
not more than three referees, should 
be sent so as to reach him not later 
than 1 March 1985. (5249)A 


ROYAL HOLLOWAY AND 
BEDFORD COLLEGES 
University of London 
DEPARTMENT OF CHEMISTRY 
MANAGER 
For University of London Solid 
State NMR Service 


Under the auspices of the University 
of London Intercollegiate Research 
Services in Chemistry and Related 
Sciences a comprehensively equipped 
Bruker MSL-300 NMR spectrometer 
will provide facilities in solid state 
NMR for all researchers in the Uni- 
versity. A Manager is required who 
will be responsible for the day-to-day 
operation of the service with the 
possibility of extensive collaboration 
with members of the University. 
Assistance will be provided by a tech- 
nician and a part-time secretary. 


Applicants should preferably have 
a strong background in solid state 
NMR spectroscopy and have or 
expect to obtain a PhD degree. Salary 
on the scale £8753 - £13383 inclusive 
of London Allowance. 


Informal enquiries may be made to 
Dr D G Gillies, telephone Egham 
(0784 35351 Ext 51). 


Applications including CV and 
names and addresses of 2 referees 
should be sent to: Mrs D J Odds, 
Personnel Officer, Royal Holloway 
and Bedford Colleges, Egham Hill, 
Egham, Surrey TW200EX. (3192)A 





reference RAS MOH 


‘UNIVERSITY OF WALES 
COLLEGE OF MEDICINE 
DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 
AND 
BEATSON INSTITUTE FOR CANCER 

RESEARCH, GLASGOW 


POSTDOCTORAL 
RESEARCH OFFICER 


Applications are invited for a post- 
doctoral Research Officer to work on 
the molecular genetics of haem bio- 
synthesis in humans. The project 
entails the isolation and characteri- 
sation of DNA probes for enzymes of 
haem biosynthesis and their appli- 
cation to the study of inherited 
diseases and erythroid differenti- 
ation. Research experience in 
molecular biology or recombinant 
DNA techniques is required. 


The post is funded by the MRC for 
up to 3 years. It is anticipated that 
most of the time will be spent at the 
Beatson Institute where there are 
excellent facilities for advanced train- 
ing in recombinant DNA techniques. 


Salary will be at an appropriate 
point on the scale for University 
Research and Analogous Staff Grade 
1A. 


Further information may be 
obtained from Professor G H Elder 
(Cardiff: 0222-755944 Ext 2799) or 
Dr P R Harrison (Glasgow: 041-942 
9361). 


Further particulars (quoting Ref 
No C38/4/55) available from the 
Registrar and Secretary, University 
of Wales College of Medicine, Heath 
Park, Cardiff, CF4 4XN (Tel No 
0222-755944 Ext 2296) to whom 
applications, in the form of a 
curriculum vitae with the names and 
addresses of two referees, should be 
submitted by 15th February, 1985. 

(5253)A 





UNIVERSITY OF 
BIRMINGHAM 
Faculty of Medicine 
and Dentistry 


INSTITUTE OF 
OCCUPATIONAL HEALTH 
RESEARCH ASSOCIATE 


(EPIDEMIOLOGY) 


Applications are invited for the 
above post for an epidemiological 
study to be undertaken jointly by the 
Institute and the Department of 
Social Medicine (Regional Cancer 
Registry). The study proposes to 
investigate the effects of past solvent 
exposure on malignant and non 
malignant renal disease. The post will 
be for up to one year. Other 
epidemiological studies currently 
under review may provide further 
opportunities. 


Candidates should be science 
graduates and preferably have either 
some experience of epidemiological 
research work and/or possess a 
relevant higher degree (eg Masters in 
Epidemiology). 


Salary on scale £6,600 — £8,920 
(with superannuation). 


Applications (3 copies) with 
curriculum vitae and the names of 2 
referees to Assistant Registrar, 
Medical School, Birmingham -B15 
2TJ by 18 February. 1985. Quote 















BRANDEIS UNIVERSITY 


THREE POSTDOCTORAL/ 
RESEARCH ASSOCIATE 
POSITIONS 


available in the laboratory of 

Professor Timasheff, Brandeis Uni- 

versity, to carry out research in the 
areas of: (1) Pathways of tubulin self- 
assembly and ligand (nucleotides, 

ionic- species) control of the end 
< products formed (microtubules, rings, 
“-osheets); (2) Mechanisms of interaction 
: < Of anti-cancer drugs with tubulin and 
¿consequent inhibition of microtubule 
© formation; linkages between drug 
binding and tubulin polymerization 
and effects of structural modifications 
and stuctural simplifications of the 
drug molecules on interactions with 
tubulin; (3) Solution mapping of the 
surface of the tubulin molecule by 
distance measurements between the 
various liganding sites (GTP, cations, 
drugs and drug moieties) using energy 
transfer fluorescence and resonance 
techniques and changes in topography 
induced by the binding of various 
ligands; (4) Mechanisms of protein — 
and protein assembly structural stabi- 
lization by solvent additivies and of 
solvent modulation of biological 
activity. 


Send applicaitons to Dr Serge N 
Timasheff, Graduate Department of 
Biochemistry, Brandeis University, 
Waltham MA 02254, USA. 


Equal opportunity — Affirmative 
Action Employer. (NWI1386)A 





UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF OF PHYSIOLOGY 


UNIVERSITY LECTURER 
OR UNIVERSITY 
DEMONSTRATOR 


Applications are invited for a post of 
either University Lecturer or 
University Demonstrator (the 
equivalent of University Assistant 
Lecturer) in the Department of 
Physiology, appointment to 
commence on 1 October 1985 or as 
soon thereafter as possible. Can- 
didates should have a PhD degree in 
some area of physiology, or a medical 
or veterinary qualification, together 
with some experience of physiologi- 
cal research. 


The appointment will be for three 
years in the first instance with the 
possibility for a University Demon- 
strator of reappointment for a 
further two years and for a University 
Lecturer of reappointment to the 
retiring age. The pensionable scale of 
stipends for a University Demonstra- 

-tor is £7,980 a year, rising by four 
annual increments to £9,860, and for 
a University Lecturer £10,330 a year, 
rising by 12 annual increments to 
£15,930. 


Further information about the 
duties and conditions of appointment 
may be obtained from the Secretary 
of the Appointments Committee for 
the Faculty of Biology ‘B’, 19 
‘Trumpington Street, Cambridge, 
CB2 1QA, to whom applications (10 
copies) including a curriculum vitae, 

_list of publications and the names of 
“tot more than three referees, should 
sent so as to reach him not later 

April 1985. (5208)A 

















£8,700 - £11,600 Beckenhan 


The Wellcome Research Laboratories is the major research centre for the Wellcome Foundation Ltd. an 
international group of pharmaceutical and chemical companies with headquarters in the UK and a turnover 
close to £800 million. oe 


Situated at Beckenham, the Department of Experiemental Immunobiology undertakes research concerner 
with the regulation of immunological responses in relation to infectious diseases and hormonal / media 

functions. A research scientist is now required to assist the head of department (Dr F.Y. Liew) in wor 
concerned with the immunology of leishmaniasis and the development of novel influenza vaccines. ; 
We are seeking a scientist possessing a Ph.D. in either Microbiology, Biochemistry or Immunology, withan. 
ability to make a creative and innovative contribution to programmes of work. Experience in tissue culture, 
the handling of infectious pathogens and the analysis of biological products are vital for this position. = 
Excellent conditions of employment include twenty-five days’ holiday, pension scheme, sick pay scheme, : 
subsidised canteen, first class sports and social facilities and assistance with relocation expenses where 
appropriate. 
Please write with full personal and career details, quoting reference number WRL/ 310, to 
Dr. H.D. Avshu, Personnel Officer, The Wellcome Research Laboratories, i 
Langley Court, Beckenham, Kent, BR33BS. (5195)A 

























NATURE CONSERVANCY 
COUNCIL 
South Wales Region 


HIGHER SCIENTIFIC 
OFFICER 
Gwent Levels 


Applications are invited for the 
above temporary post, working 
under the direction of the Regional 
Officer, to take general responsi- 
bility for the provision of advice; the 
identification and implementation of 
appropriate supplementary survey 
work; and undertaking 
consultations and liaison with 
landowners and occupiers, and the 
relevant statutory and voluntary 
bodies, as part of a programme to 
implement a strategy for safe- 
guarding the significant wildlife 
interests of the Gwent Levels. 





SCHOOL OF APPLIED SCIENCE 


LECTURER II/SENIOR LECTURE]! 
BIOTECHNOLOGY a 
Salary scale £7,548 — £11,634 — £14,061 


Candidates should hold a good Honours degree in an appropriate 
subject with relevant post-graduate research and/or experience in’ 
the field of Industrial Microbiology/Biochemistry. Practical. ex- 
perience in the techniques of Recombinant DNA Technology 
adventageous. ‘ 
Application forms from the Staffing Officer, The Polytechnic 
Wolverhampton, WV1 ISB telephone (0902) 710654 (ansaphone) 
Previous applicants need not re-apply. : 


















The post is for a contract of two (3206) 


years and the successful applicant 
will be based at the Regional Office, 
Cardiff. 


Candidates should possess a 
degree in either Botany, Biology, 
Agricultural Science or Geography 
and have at least two years relevant 
post graduate experience. A 
knowledge of lowland agricultural 
systems and/or wetlands would be 
an advantage. 





Nature 


the international journal of science 
seeks a 
LOCUM PHYSICAL SCIENCES EDITOR 


This is a short-term appointment, beginning as soon as possible, for 
period of six months. Duties will consist of refereeing manuscripts in 
the physical sciences submitted to Nature, making recommendation: 
on publication within the framework of the agreed editorial policy.and. 
contributing suggestions on topics in the physical sciences that might. 
contribute to the interest of Nature to its readers. noe 


















A current driving licence is 
essential. 


Salary: Higher Scientific Officer 
£7,435 to £10,039 dependent on age 
and qualifications. 


Application forms and further 
details of the post can be obtained 
from Mr N T Kettell, Personnel I, 
Northminster House, Peterborough 
to whom completed forms should be 
returned by Monday 28th January | | 
1985. 


The Nature Conservancy Council 
is an Equal Opportunities Employer. 
(5193)A. 


Essential requirements: first-hand research experience in physi 
sciences, wide interests, flexibility. 


The appointment would suit an academic scientist on secondment or 
sabbatical. j 







Replies by 8 February with full curriculum vitae to the Editor. 
Nature, Macmillan Journals Limited, 4 Little Essex Street, 
London WC2A 3LF. {5271A 











dammersmith and Queen Charlotte's Special Health Authority 
ueen Charlotte's Maternity Hospita! 

oldhawk Road 

ondon W6 OXG 


DEPARTMENT OF MICROBIOLOGY 


BASIC GRADE SCIENTIFIC 
OFFICER (Cytogenetics) 


plications are invited from science graduates with honours degrees 
i the above post. Terms and conditions of service in accordance with 
‘TA Whitley Council recommendations (salary £6813 - £8725 plus 
1042: London Weighting). 


“andidates should have experience of diagnostic work in human cyto- 


















he diagnostic laboratory, which may be visited by appointment, is 
‘ully equipped. Intending applicants are advised to contact Dr T 
Hughes, (01-748 4666 EXT 229) in the first instance. 

For application forms, please contact Personnel Officer, at the 
bove address or telephone 01-748 4666 EXT 204. 


Closing date 7th February 1985. 





(5247)A 







































Inner London Education Authority 


NATURE STUDY SCHEME, 
Bexley Road, Eltham, SE9. 


Tel. No. 01-850 2615 
LABORATORY TECHNICIAN Grade 3 


Required to be one of a team of three technicians engaged in the 

ulturing, maintenance and supply of a wide range of small mammals 

purpose-built barrier unit), fish, insects, micro-organisms and other 
rtebrates, 

Applicants should have at least ONC, OND, BTEC/TEC Certificate or 2 

-Jevels or equivalent qualifications in appropriate subjects plus a 

ninimum of three years experience (including training period). 

Salary scale: £5400 to £6327 plus £700 London Weighting. 

Application forms and further details are available from the 

Nature Study Scheme. 

‘ompleted applications should be returned to EO/Estab 3A 
om 255A County Hall, London SE1 within 14 days of the 

pearance of this advertisement. 

ILEAIS AN EQUAL OPPORTUNITIES EMPLOYER 


















(5190)A 





THE MIDDLESEX ST GEORGE’S HOSPITAL 
HOSPITAL MEDICAL MEDICAL SCHOOL 


; SCHOOL 
London W1P 6DB 


{University of London) 
DEPARTMENT OF IMMUNOLOGY 
CHIEF TECHNICIAN Grade 6 


Applicants for this laboratory-based 
post should have a research back- 
ground in biosciences and recognised 
laboratory expertise including tissue 
culture. Administrative duties will be 
minimal. This permanent post is 
funded by the Medical School in the 
salary range of £7548 to £9015 plus 
London weighting of £700. 


TECHNICIAN Grade 5 

The appointee to this post will be 
involved in research using the depart- 
mental cell sorter and analyser 
(EPICS V). A background in bio- 
sciences or computing is essential but 
specialist training will be given. This 
post is for 2 years in the first instance 
(CRC and Medical Schoo! funded). 


Salary up to £7011 plus London 
weighting of £700. 


Application forms and job des- 
cription from Personnel Officer, St 
George’s Hospital Medical School, 
Cranmer Terrace, London SW17 
ORE. (tel 01-672 1255 ext 4873). 
Closing date 14 February 1985. 

(5232)A 


ẹ Courtauld Institute of 
‘hemistry, and the Department of 
lomy and Biology as Applied to 
icine. 


_ POST DOCTORAL 
SEARCH ASSISTANT 1A 


y: would be an advantage. The 
onis available at once, but 
pplications from candidates who 
could start in the summer would be 
onsidered. 


Applications together with the 
iames of two referees, should be sent 


Courtauld Institute of Biochemistry, 

} fessor L Wolpert Department 

tomy as Applied to Medicine. 
(5256)A_ | 


















"INSTITUTE OF CHILD - 
HEALTH 
University of London 


POSTDOCTORAL 
SCIENTIST 


required to work on a join project at 
the Institute of Child Health (with Dr 
J K Cowell and Dr J Pritchard) and 
the Institute of Cancer Research 
(with Dr P Little) to isolate develop- 
mentally regulated genes potentially 
important in the predisposition to 
Wilms’ tumour of the kidney. The 
project will involve extensive use of 
cosmid and cDNA technology. 
Experience in recombinant DNA 
technology is essential. The post is 
funded from a grant from the Child 
Health Research Appeal Trust and 
will be for three years. Initial salary 
according to qualifications and 
experience within the University 
Academic Related Scale 1A of £9,213 
- £11,953 (inclusive of London 
Weighting). 


Applications, including 
curriculum vitae and names of two 
referees, should be sent as soon as 
possible to Dr J K Cowell, Depart- 
ment of Haematology and Oncology, 
Institute of Child Health, 30 
Guilford Street, London WCIN 
1EH. Further details from Dr Cowell 
(Tel: 01-242 9789) or Dr Little (Tel: 
01-352 8133). (5239A 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF BIOCHEMISTRY 


RESEARCH ASSISTANT 


Applications are invited for a 
research assistant post (Range 1B) in 
a project involving the production 
and use of monoclonal antibodies in 
the study of erythrocyte anion trans- 
port. Candidates with qualifications 
or experience in biochemistry and/or 
immunology will be preferred. The 
post is funded by the Wellcome Trust 
for two years. Candidates must be 
under the age of thirty-two and 
should be either a graduate of a 
British university, or have studied or 
worked continuously for the past 
three years in a university or hospital 
in the United Kingdom. 


Applications, together with a Cur- 
riculum Vitae and the names of two 
academic referees, should be made in 
writing to Dr M J A Tanner, Depart- 
ment of Biochemistry, University of 
Bristol, Bristol BS8 iTD, as soon as 
possible. (S21DA 
























BROCK UNIVERSITY 
Ontario, Canada 


Research associate or post- 

doctoral fellow to work in the 

areas of cytochrome c oxidase 

mechanisms and energetics. 

Some teaching included. 

Total stipend between $22000 and 

$25000. Appointment for 2 or 3 

years, commencing July 1, 1985 

or by agreement. 

For further information 

contact: 

Prof. P. Nicholis, 

Dept. of Biological Sciences 

Brock University, 

St. Catharines, 

Ont., Canada L2S 3A1 (Tel. 

(416) 688-5550, ext. 3227) 
(NW1393)A 
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ST LAWRENCE 
UNIVERSITY 
DEPARTMENT OF BIOLOGY 


is accepting applications for two 
tenure-track positions at the 
Assistant Professor level (PhD 
required): f 
1) INVERTEBRATE 
BIOLOGIST 


To teach General Embryology at the 
Sophomore level, and courses in 
invertebrate biology such as (but not 
limited to) Entomology, Para- 
sitology, or Invertebrate Physiology 
or Zoology. 


2) PLANT POPULATION 
BIOLOGIST PhD 


To teach General Genetics, and other 
courses in population biology, plant 
biology or genetics such as (but not 
limited to) evolution, plant physi- 
ology or population genetics. 


Research expected. Responsi- 
bilities begin week of August 26th, 
1985. Send letters of application, 
vitae, official transcripts, reprints, 
and letters from three referees by 
March 15, 1985 to: Chair, Biology 
Search Committee, (Invertebrate or 
Plant), Biology Department, St 
Lawrence University, Canton NY 
13617. 


An Affirmative Action/Equal 
Opportunity Employer MFVH. 
(NWI40DA 


THE UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF THEORETICAL 
PHYSICS 


POSTDOCTORAL 
RESEARCH POSITION IN 
THEORETICAL 
CONDENSED MATTER 
PHYSICS 


Applications are invited for the 
above post to work in the theory of 
disordered systems. Candidates 
should have experience in this area or 
in some related area in statistical 
mechanics or quantum field theory. 
The appointment is expected to run 
for up to two years from October Ist, 
1985. Salary within the IA scale for 
research staff (£7,520 - £12,150 pa) 
according to age and experience. Pro- 
spective candidates should submit a 
curriculum vitae with an outline of 
research interests, and arrange. two 
letters of recommendation to be sent 
to: Dr A J McKane, Department of 
Theoretical Physics, The Schuster 
Laboratory, The University, Man- 
chester ML3 9PL as soon as possible. 

(S1OT)A 


MAYO CLINIC AND 
FOUNDATION 


SYNTHETIC ORGANIC 
CHEMIST 


to work in the area of vitamin D 
synthetic chemistry and the charac- 
terization of newly isolated vitamin D 
metabolites. 


Contact Dr R Kumar, 5-164 W 
Joseph, Mayo Clinic and Found- 
ation, Rochester, MN 55905 or call 
collect 507-285-4300. An equal 
opportunity/affirmative. action 
institutione = ONW1399 














ST GEORGE’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


PRE-OR POST-DOCTORAL 
‘RESEARCH FELLOW 


Required for CRC-Funded 3-year 
project on Control of Gene 
Expression in Oocytes. In particular, 
the project will focus on the control 
. of expression of cytoskeleton genes, 
and the role of cytoskeletal compo- 
nents.in oocytes. Salary in the range 
£7,833 to £10,153 depending on 
experience and qualifications. A pre- 
doctoral candidate would be 
expected to work for a PhD. 


Further details of the post from Dr 
CC Wylie, Department of Anatomy 


(01-672 1255, Ext 4623) or Dr B H- 


Anderton, Dept Immunology (Ext 
4550), St George’s Hospital Medical 
School, Carnmer Terrace, London 
SW17 ORE. Application forms from 
the Personnel Officer (Ext 4873). 
Closing date 14 February 1985. 
(5258)A 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL SENIOR 
RESEARCH ASSISTANT 


Applications are invited for the 
above position to work on the 
molecular biology of the expression 
of mammalian proteases. This post is 
funded by an SERC grant award to 
Dr R J Beynon and Dr P C Turner 
and is tenable for up to three years. 
Applicants should preferably have 
experience in protein chemistry or 
gene manipulation. 


Initial salary £7,520 — £8,450 per 
annum; commencing |! February, 
1985 but may be delayed for an 
outstanding applicant. 


Applications, together with the 
names of three referees should be 
received not later than 11 February, 
1985 by The Registrar, The 
University, P O Box 147, Liverpool 
L69 3BX, from whom further 
particulars may be obtained. Quote 
Ref: RV/929/N. (5188)A 





UMIST 


LECTURER 
Biomedical Engineering 
(Ref: IAS/9) 


Applications are invited for a new 
lectureship intended to reinforce and 
complement existing research and 
teaching interests within the Depart- 
ment of Instrumentation and 
Analytical Science. The post will be 
of particular interest to those with a 
background of transducers and 
systems related to ultrasound and 
magnetic resonance imaging. 


Commencing salary will be within 
the scale £7,520 - £14,925 per annum. 
Informal enquiries can be made by 
telephoning Professor P A Payne on 
061 236 3311 ext 2846. 


Requests for application forms 
and further particulars, quoting the 
above reference, should be sent to the 
Establishment Section, Registrar’s 

! Department, UMIST, PO Box 88, 
Manchester M60 1QD. The closing 
_ date is 8th February 1985. "or as 
; as possible 
(5248)A 








exciting 


products. 


We are seeking to recruit a young 
PhD Chemist with preferably post- 
doctoral experience, gained within 
the industrial environment, for a key 
position in one of our major research 
areas. Candidates should have 
demonstrated their expertise for 
synthetic chemistry and be clearly 
self-motivated and creative. 


Medicinal Chemistry at Searle 


PhD Chemist 


G.D. Searle is a major International 
Pharmaceutical Company whose 
Research and Development Division 
at High Wycombe has several 
rogrammes in the field of 
chemically and biologically derived 


The compan 


Wycom 


The department is served by f 
excellent support functions including 


a computer assisted drug design 


UNIVERSITY OF GLASGOW 


DEPARTMENT OF NATURAL 
PHILOSOPHY 


RESEARCH ASSISTANT 


Applications are invited for a 
Research Assistant position to assist 
with the development of Medical 
Microwave techniques. Applicants 
should have a good Honours Degree 
in Physics, Applied Physics or 
Electrical Engineering or equivalent 
and experience in high frequency- 
techniques. 


The post will be initially for one 
year. Initial salary will be up to 
£7,520 with placing according to 
qualifications and experience on the 
salary scales for Research and 
Analogous Staff. Superannuation 
benefits will apply. 


Applications with curriculum 
vitae and the names of two referees 
should be sent to Dr D V Land, 
Department of Natural Philosophy, 
University of Glasgow, Glasgow G12 
8QQ to whom further enquiries 
should be addressed. (5276)A 





UNIVERSITY OF FLORIDA 


DEPARTMENT OF BIOCHEMISTRY 
AND MOLECULAR BIOLOGY 


POSTDOCTORAL POST 


Postdoctoral position available in 
Spring or Summer 1985 to work on 
the isolation, characterization, and 
function of proteins secreted into the 
uterine tract of domestic farm 
animals during early pregnancy. 
Candidate should have some experi- 
ence with recombinant DNA tech- 
nology and/or protein chemistry. 
Particular consideration will be given 
to individuals interested in working 
in Reproductive Biology on new 
approaches to improve reproductive 
efficiency. 


Send curriculum vitae and names 
of three references to Dr R Michael 
Roberts, Department of Bio- 
chemistry and Molecular Biology, 
University of Florida, Gainesville, 
FL 32610. (NWI398)A - 





date no later than 1 May. 


London WC2A 3LF. 


UNIVERSITY COLLEGE 
DUBLIN 
DEPARTMENT OF BOTANY 


PLANT ECOLOGIST 


Applications are invited for a full- 
time academic appointment in the 
Department of Botany. The appoint- 
ment will be made at the level of 
either Assistant Lecturer or College 
Lecturer. Applications are invited 
from plant ecologists, preferably 
with research interests in plant- 
environment interactions. The 
successful candidate will complement 
the activities of the existing ecology 
research group, which concentrates 
on vegetation research including 
phytosociology, morphology, 
demography and peatland ecology. 


The current salary scales are: 
Assistant Lecturer: Irf£8,825 — 
Ir£14,091. College Lecturer: 
1r£13,624 — Ir£17,873. 


Entry point on the relevant scale 
will be in accordance with qualifica- 
tions and experience. There is a non- 
contributory pension scheme. 


Prior to application, further infor- 
mation (including application 
procedure) should be obtained from 
the Secretary and Bursar, University 
College, Belfield, Dublin 4. Tele- 
phone enquiries: 693244, ext 431. 


The closing date for receipt of com- 
pleted applications is Thursday, 14th 
March, 1985. {5214A 


section and analytical facilities and is 
currently engaged in remodellin 
laboratory areas to a high standard. 


offers excellent 
salaries, 23 days holiday, contributory. 
pension fund, health insurance 
scheme, subsidised cafeteria, 
recreation club and pleasant offices 
in an attractive location. 


Please apply to Rod Cook, 
Assistant Personnel Manager, 
Searle Research and 
Development, Lane End Road, 
High [come Bucks. (Tel: High 
e 21124, ext. 3254). Please 
quote reference BI01. 


(5228)A 


nature 


the international journal of science 


seeks a SUB- EDITOR 


to be primarily responsible for the presentation and literacy of physica 
science articles but also, in due course, to assume wider editori 
responsibilities. Previous editorial experience not necessary. 


Essential requirements: three years research experience in phy: 


sciences, a sense of literacy, wide general interest in science. Sta in 


Replies by 8 February with full curriculum vitae to the Editor. 
Nature, Macmillan Journals Limited, 4 Little Essex Str 
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(52521A 




























ST GEORGE'S HOSPITA 
MEDICAL SCHOOL 
(University of London) 

DEPARTMENT OF BIOCHEMIST 


JUNIOR POSTDOCTO, 
POSITION 


Cancer Research Campaign 
Mammalian Protein 
Synthesis and Interferon 
Research Group 
A vacancy exists for a postdoct 
worker with interests in 
regulation of protein synthe: 
control of cell proliferation 
mechanisms of interferon 
The successful candidate will joi 
CRC Group (Director: DroM 
Clemens) in well equipped: | 
atories in modern buildings. 1 
post, which is available for 3 ¥¢ 
must start on the first point of. 
Grade IA scale (£7,520 + £1, 
London Weighting) and is ther 
suitable for someone just comp 
a PhD thesis. Experiencein one of 
above fields, or in mammalia 
culture, is desirable. : 


Further details may be obtaine 
from Dr Clemens (Tel: 01-672:12: 
Ext 4750). Please send applicatio 
the Personnel Officer, St Georg 
Hospital Medical School, Cranme 
Terrace, London SWI7 ORE ¢ 
4873). Closing date 14 Februar 
1985. 


(257A 










































































‘experience. 







URHAM UNIVERSITY 


ARTMENT OF ZOOLOGY 
ications are invited from 
ates or those graduating in 1985 
post of 


ESEARCH ASSISTANT 


rk on the influence of age on the 
ling biology of the Blue-eyed 
Phalacrocorax atriceps in the 
tic, The study is funded by the 
} Environmental Research 
Land will be carried out in 
tion with and at a base run 
sh Antarctic Survey. 


appointment will be for 31⁄4 
nd will involve two years in the 
tic. Applicants should have, 
to obtain, a good honours 
€ in Zoology or Biology and the 
ssful applicant will be able to 
asa PhD candidate. 


al salary £6,600 per annum on 
e 1B with USS. 


plications (3 copies) naming 
demic referees should be 
18 February 1985 to the Regis- 
fence Laboratories, South 
Durham DHI 3LE, from 
‘urther particulars may be 
(5241)A 


E UNIVERSITY OF 
LEEDS 


EPARTMENT OF CHEMICAL 
PATHOLOGY 


POSTDOCTORAL 
ESEARCH FELLOW 


lications are invited for the 
e post for work on the immuno- 
f insulin dependent diabetes 
Applicants should have or 
tly expect to receive a PhD in 
unology. The post is available 
1 March 1985 for a fixed period 
p to two years. 


lary within the range £7520 
90 on the LA Range for Research 
Analogous Staff (£7520 - £12150) 
ding to age, qualifications and 


‘ormal enquiries may be made to 
ACM Grant, telephone (0532) 
‘99 ext 3416. 


pplication forms and further par- 
lars may be obtained from the 
istrar, The University, Leeds LS2 
‘quoting reference no 84/16. 
date for applications 14 
l ; (5225)A 


MEDICAL RESEARCH COUNCIL 
LABORATORIES 
THE GAMBIA 


IMMUNOLOGIST 


pplications are invited from post-doctoral immunologists for a post of 
nunologist at the UK MRC Laboratories in The Gambia. The 
assful candidate for this post will join a group studying the 
nology of malaria and will be encouraged to study T lymphocyte 
ponses in this infection. Candidates must have a wide experience in 
ular immunology but previous experience in parasitology is not 

tial. This post offers an exciting challenge to anyone who wishes 
4 gain experience of working in a developing country. 


ny initial contract of 2 years will be offered which may be renewed. 
salary will be on the MRC scale and will be determined by qualifications 


\pplication forms and further details may be obtained from Ms 
aren Douglas, MRC, 20 Park Crescent, Lopndon WIN 4AL. The 
ng date for applications is end February 1985. 


(5246)A 


KING’S COLLEGE SCHOOL 
OF MEDICINE & 
DENTISTRY 
of King’s College London 
Denmark Hill 
London SES 8RX 


NON-CLINICAL LECTURER 
IN ORAL PATHOLOGY 


Applications are invited from young 
biological scientists interested in 
research. The post also includes 
teaching in the Pathology course. A 
biochemical training and an interest 
in structural histochemistry is 
essential. The appointee will be 
required to become involved in the 
research of the department which is 
concerned with functional and 
structural relationships in salivary 
secretion, especially in respect to pro- 
teases. A good class honours science 
degree is essential and a PhD is pre- 
ferred. 


Salary scale £7520 plus £1233 
London Weighting Allowance — 
£14,925 plus £1233 London Weight- 
ing Allowance per annum. Starting 
date for post 1 July 1985. 


Further information is obtainable 
from the secretary on 01-274 6222 Ext 
2885. 


Formal applications including a 
full curriculum vitae and the names 
of three referees should be sent to The 
Secretary of the School at the above 
address by 14 February 1985. 

(5230)A 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF PATHOLOGY 


TECHNICIAN GRADE 4 


to prepare histological sections for 
research and teaching. Training for 
specialist techniques needed will be 
given. 

Candidates must possess ONC or 
appropriate equivalent as minimum 
qualification plus seven years 
histology experience. 


Salary within range £6106 - £7024 
per annum. 


Application forms may be 
obtained from the Registrar, the 
University, PO Box 147, Liverpool, 
L69 3BX. 


Quote Ref: RV/936. — (5222)A 


“UNIVERSITY OF LONDON 
Institute of Neurology 


DEPARTMENT OF 
NEUROCHEMISTRY 


POST-DOCTORAL 
RESEARCH FELLOW 


Applications are invited for the 
above position in a Research Group 
working on the Molecular Biology of 
Down’s Syndrome. The research 
concerns genetic regulation of a 
specifically affected brain cyto- 
skeletal protein. Experience in 
Molecular Biology will be an 
advantage but is not essential. 
Applicants should have a PhD degree 
in Biochemistry or Molecular 
Biology. The position is funded by 
the Wellcome Trust for 3 years, andis 
available immediately. The salary for 
the Post-doctoral appointment will 
be in the range of £10,153 - £12,908 
depending on age and experience. 


Applicants are requested to send a 
full curriculum vitae to Dr L Lim, 
Institute of Neurology, 33 St John’s 
Mews, London WCIN 2NS, from 
whom details can be obtained (01-242 
4063). (5259)A 





The Program in Social Ecology 
of the 
UNIVERSITY OF 
CALIFORNIA 
at Irvine 


has a 
POSTDOCTORAL POSITION 


available in the new scientific dis- 
cipline of molecular microbial 
economy. The project is aimed at 
assessing the movement and spread 
of mercury resistant genes in soil 
bacterial genetics (plasmidology) and 
hands on recombinant DNA tech- 
nology are required. Salary, 18,000 
to 22,000 annual. Position available 
immediately. 


The Program in Social Ecology isa 
multidisciplinary academic unit that 


offers the BA, MA, PhD. The Irvine 


campus is located 40 miles south of 
Los Angeles and 5 miles from the 
Pacific Ocean, near the city of 
Newport Beach. Candidates should 
submit vitae, four letters of refer- 
ence, and copies of publications no 
later than February 15, 1985 to: Dr 
Betty Olson, Program in Social 
Ecology, University of California, 
Irvine, CA 92717. 


The University of California is an 
Equal Opportunity/Affirmative 
Action Employer (NW1404)A 





UNIVERSITY OF OXFORD 


PROFESSORSHIP OF 
GEOLOGY 


The electors intend to proceed to an 
election to the Professorship of 
Geology with effect from Ist October 
1986. The stipend of the Professor 
will be £22,630 per annum. 


Applications (ten copies, or one 
from overseas candidates), naming 
three referees but without testi- 
monials, should be received not later 
than 25th February 1985 by the 
Registrar, University Offices, 
Wellington Square, Oxford, OXI 
23D, from whom further particulars 
may be obtained. (S262)A 





UNIVERSITY OF TSUKUBA, 
JAPAN 


TEMPORARY LECTURER IN 
BASIC MEDICAL SCIENCES 


Applications are invited for the 
postion of Temporary Lecturer 
commencing April 1985 for two 
years. Applicants should have a PhD 
in a relevant basic medical science eg 
Biochemistry, Physiology, Pharma- 
cology, Human Genetics etc, and 
should be a native speaker of English. 
Responsibilities include teaching 
third and fourth year medical 
students a medical discipline in 
English. A knowledge of Japanese 
language is not necessary. It is 
anticipated that the successful 
applicant will become an active 
member of an established research 
group. 


Salary ranges from Y400,000 — 
600,000 per month including bonus. 
Subsidized accommodation may be 
available and travel expenses will be 
paid. 


For further details please contact 
Professor F K Anan, University of 
Tsukuba, School of Medicine, 
Ibaraki 305 Japan, enclosing a cv and 
a short description of current re- 
search interests. (WISS4)A 











MEDICAL RESEARCH 
COUNCIL 


National Institute for 
Medical Research 


Applications are invited for a post- 
doctoral position to work on the 
molecular basis of early development 
with Drs J Cooke and J C Smith. 
Specifically the generation of mono- 
clonal antibodies as probes for deter- 
minative events in embryos is envi- 
saged. The appointment will be for 
three years, to start as soon as 
possible, and the successful applicant 
will combine previous experience of 
monoclonal antibody work with an 
interest in basic processes of 
development. 


The salary will be in the range 
£8,920 - £10,720 per annum plus 
£1233 London allowance, with super- 
annuation provision, 


Applications, together with cur- 
riculum vitae, research experience 
and interests and the names of two 
professional referees should be sent 
to the Director, National Institute for 
Medical Research, The Ridgeway, 
Mill Hill, London NW7 LAA before 
iSth February 1985, quoting ref: 
EG/1/C. (5233)A 





UNIVERSITY OF 
LIVERPOOL 


DEPARTMENT OF MEDICAL CELL 
BIOLOGY 


TECHNICIAN GRADE 4 


to prepare histological specimens for 
teaching and research. 


Candidates must possess ONC as 
minimum qualification plus seven 
years histology experience. 


Salary within range £6106 - £7024 
per annum. 


Application forms may be 
obtained from the Registrar, the 
University, PO Box 147, Liverpool, 
L69 3BX. 


Quote Ref: RV/935.. (5223JA 





GREATER GLASGOW 
HEALTH BOARD 


Duncan Guthrie Institute of 
Medical Genetics 


Royal Hospital for 
Sick Children, 
Yorkhill, Glasgow G3 8SJ 


REGISTRAR 
- (non-resident) 

in Medical Genetics required for 

Glasgow and West of Scotland 

Genetics Centre. The duties include 
assisting in the diagnostic and coun- 
- Selling work of the Genetics Clinic, 
taking part in the prenatal screening 
- programme for spina bifida and 
assisting in the genetics laboratory. 
The successful candidate will be 
expected to spend time on research in 
clinical genetics in association with 
the University Department of 
Medical Genetics. There are excellent 
opportunities for obtaining a wide 
range of experience in clinical 
genetics, cytogenetics, biochemical 
genetics and molecular genetics. The 
possession of membership of one of 
the Royal Colleges and experience in 
either paediatrics, obstetrics and/or 
laboratory medicine are desirable, 
but not essential. 


Applications, giving details of 
experience and qualifications, and 
names of two referees to the Medical 
Administration Office at the above 
address. Closing date for applica- 
tions two weeks from appearance 

- of advertisement. (5278)A 





“DURHAM UNIVERSITY 


DEPARTMENT OF GEOLOGICAL 
SCIENCES 


TWO LECTURESHIPS IN 
GEOPHYSICS 


Applications are invited for the 
following positions: 


1) LECTURESHIP IN 
GEOPHYSICS 


tenable in any area of solid earth 
geophysics and vacant following the 
appointment of Dr G K Westbrook to 
a Chair at Birmingham. 


2) NEW BLOOD 
LECTURESHIP IN 
GEOPHYSICS 


to develop research programmes in 
the application of space geodesy to 
the study of earth structure and 
dynamics. 


Applicants must have previous 
experience in either geophysics or 
geodesy and be willing to develop a 
broad interdisciplinary approach in 
both subjects. 


It is hoped to fill both posts from 
not later than 1 October 1985. 


Salaries on the scale £7,520 
-£14,925 per annum with super- 
annuation. 


Applications (3 copies) naming 
three referees should be sent by 28 
February 1985 to the Registrar, 
“Science Laboratories, South Road, 
Durham DH1 3LE, from whom 
urther particulars may be obtained, 
; : (5279A 









THE UNIVERSITY OF 
ADELAIDE 
invites applications from both men 
and women for the following 
position: 

SENIOR TEACHING 
FELLOW IN 
BIOCHEMISTRY (Ref:T1661) 
in the Department of Biochemistry. 
Applications should hold a PhD 
degree (or expect to be awarded a 
PhD shortly) and have experience in 
the purification and characterisation 

of proteins. 


The teaching duties of the 
appointee will include the conduct. of 
tutorials and practical classes for 
third-year Biochemistry students and 
the opportunity exists to give a limited 
number of lectures. Excellent facilities 
for research exist within the Depart- 
ment of Biochemistry, including a 
gas-phase protein sequencer and 
extensive HPLC equipment. The 
appointee will be expected to 
participate in an active research 
program in the molecular charac- 
terisation of biotin-dependent car- 
boxylases. 


The position is available for three 
years from early 1985. 


Further details concerning this posi- 
tion may be obtained from Dr J C 
Wallace in the Department of 
Biochemistry (tel: (08) 228 5218). 


Further information about the 
general conditions of all appointments 
may be obtained from the Senior 


Assistant Registrar (Personnel) at the | 


University. 


Salary per annum: $A21,411 x 5- 
$A24,528. 


Applications, in duplicate, quoting 
reference number T1661 and giving 
full personal particulars (including 
residential status), details of academic 
qualifications and names and 
addresses of three referees, should 
reach the Senior Assistant Registrar 
(Personnel), University of Adelaide, 
GPO Box 498, Adelaide, South 
Australia 5001 (telex: UNIVAD 
AA89141) not later than 28 February 
1985. 


The University reserves the right 
not to make an appointment or to 
appoint by invitation. (W1556)A 





UNIVERSITY OF 
WASHINGTON 


DEPARTMENTS OF PEDIATRICS 
AND GENETICS 


POST DOCTORAL 
POSITION 


Available immediately, to study 
HLA gene regulation using 
molecular and somatic cell genetic 
approaches. Other interests in lab are 
in mutational and molecular analysis 
of HLA structure and function and 
characterization of spontaneous 
mutations in mammalian somatic 
cells. Recombinant DNA experience 
desirable. Send statement of interests 
and experience, CV, names of 
references to D Pious, Departments 
of Pediatrics and Genetics, RD-20, 
University of Washington, Seattle, 
WA 98195. Equal Opportunity 


Employer. 
(NWI1397)A 


CSIRO eS 
AUSTRALIA oe 
RESEARCH FELLOV 
$A25,342 — $A37,274 
DIVISION OF CHEMICAL PHYS! 
CLAYTON, VIC | 


FIELD: lon Beam Modification and Characterization of Materials. 
CSIRO conducts scientific and technological research in labo: 
throughout Australia and employs about 7,500 staff of whom 


2,900 are professional scientists. The Organization's researcha 





are grouped into five Institutes: Animal and Food Sciences, Biologi 
Resources, Energy and Earth Resources, industrial Technology 

Physical Sciences. The CSIRO Division of Chemical Physics i 
Division of the Institute of Physical Sciences. ETES, 


GENERAL: The Division of Chemical Physics is principally located 
Clayton, Victoria, with a smaller unit at the Lucas Heights Rese 
Laboratories at Lucas Heights, New South Wales. The Divisi 
prosecutes a broad program of research in chemical physics, ysi 
fundamenta! methods. Presently there are twelve sections: ator 
mass and molecular spectroscopy {including specialized. op 
electron microscopy, electron diffraction, X-ray diffrac 
computing, theoretical physics, crystal defect physics, radi 
effects (including radiation chemistry and ion implantation), solid sta 
science, surface science, and instruments and engineering service: 
Divisional research objectives are both fundamental and applied. 


DUTIES: The appointee will collaborate in research in experimental 





theoretical programmes and initiate new areas of research involving the 
use of ion beam technology for materials modification a 
characterization. Where possible, research activities will concen 

on novel advanced materials properties of relevance to Australi 


industry. Collaboration with other 


encouraged. 


groups working in this field wi 


QUALIFICATIONS: A PhD degree or equivalent qualification in Physi 
or Materials Science and a demonstrable ability to underta 
independent scientific research, Experience with vacuum technology 


ion beam systems and surface characterization techniques woul 


advantageous. 





TENURE: The position is offered for a fixed term of three yi 
Australian Government superannuation benefits are available. 


BIOTECHNOLOGISTS! 
What's going on in the world’s fastest- 
growing scientific discipline? . 
To find out, send for a sample copy of 
BIOTECHNOLOGY, the Intemational 


Monthly for Biology and Industry,to | 
Felicity Parker, Macmillan Joumals, Houndmills, 
Basingstoke, Hants. RG24 2XS, UK 


Paul Siman, Bio/Technology. 15 East 26th St., New 


York, NY10010, USA 


KINGS COLLEGE LONDON 
(KQC) 
(University of London) 

ZOOLOGY DEPARTMENT 
RESEARCH ASSISTANT 
Applications are invited for the 
above post to work with Dr P J 
Whitfield and Dr N A Evans of the 
above Department and Mr J D Riley 
of the Lowestoft MAFF Fisheries 
Laboratory. The post will involve 
work on a NERC-funded research 
programme on the ecology of fish 
parasitic copepods and will com- 


mence early in 1985. Applicants 





following areas:- fish. bi 
marine biology, parasit 
ecology. Possession of a” 


Research Grade 1B scale) wi 
£6600 plus £1233 London Allowan 
Application forms and further infi 
mation may be obtained from Dr. 
Whitfield, Department of Zoology 
King’s College London, Strand 
London WC2R 2L8. (270A- 





ty of Science Openings 





field of: 


thematics 






























IVERSITY OF TEXAS 


DEPARTMENT OF 
TUMOR BIOLOGY 


DOCTORAL FELLOW 


NA splicing in mutants of 
oma Virus, 


manor of Tumor Biology, 
of Virology, M D Anderson 
tal and Tumor Institute, 
jn, TX 77030. The University 


y/Affirmative 
(NW1408)A 


ROFESSORSHIP OF 
GEOLOGY 


pine ey naming 
erees but without testi- 
s, should be received not later 
th February 1985 by the 
trar, University Offices, 
‘on Square, Oxford, OXI 
‘om whom further particulars 
¢ obtained. (5262)A 


_ UNIVERSITY OF 
CAMBRIDGE 


“POSTDOCTORAL 
EARCH ASSISTANT: 
TROPHYSIOLOGICAL 
TUDIES ON PEPTIDES 
ications are invited from those 

background in electrophysio- 

echniques for the above post 
work on peptide action on trans- 
ission in the CNS at the cellular 
. The project is supported by the 
ellcome Trust. 


Please send application with cv and 
he names of two referees to Dr R W 
yall, Dept of Pharmacology, 
versity of Cambridge, Hills 

ad Cambridge CB2 2QD. 
















1984/ 1985 


An independent Arab University in the israeli Occupied West Bank of 
rdan has the following Openings for the academic year 1984/1985 in 


‘perimental Physics: a) Solid Physics b) Quantum Electronics 
a) Applied Mathematics b) Computer Science 
Sc 


Botany 


is the basic language of Instructions. Applications are invited 
ulty positions for holders of Ph.D. degree with dedication in 
at undergraduate level and strong research potential is 
quired except for the Mathematics Post & Computer Science which 
juires holders of M.Sc. degree. Starting annual salary is JDs. 2920 
equivalent to $7300 for holders of M.Sc degrees. Higher salaries are 
offered depending on experience. Fringe benefits include air ticket and 
telocation allowance for new faculty members, accident and health 
surance, cost of living coverage and separation benefits. 

terested candidates should apply to the following address and 
forward complete C.V. and supporting documents: Dean, 
culty of Science, Birzeit University, P.O.Box 14 — Birzeit, 
t, West Bank — Via Israel. 












3732. 


















(W1568)A 



















THE UNIVERSITY OF 
SYDNEY 


LECTURESHIP 
Reference no 1/1} 


School of Chemistry 
(Inorganic Chemistry) 


The lecturer will participate in 
teaching at the elementary, advanced 
undergraduate, and postgraduate 
levels. The Department has active 
research groups in bio-inorganic 
chemistry, synthetic and mechanistic 
chemistry, analytical and environ- 
mental chemistry, crystal structure 
analysis, vibrational spectroscopy, co- 
ordination dynamics and molecular 
electro-optics. Persons with research 
interests in any branch of inorganic 
chemistry are invited to apply. The 
appointment will commence in or 
after June 1985. 

Salary range: $424,840 — $32,634 
pa. 

Appointments to Lectureships are 
capable of leading to tenure but are 
usually probationary for three years. 
The University reserves the right to 
proceed with any appointment for 
financial or other reasons. 


Application, quoting reference no, 
including curriculum vitae, list of 
publications and the names and 
addresses of three referees, to the 
Registrar, University of Sydney NSW 
2006, Australia, by 1 April 1985. 
Further general information available 
from Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF. 

(W1567)A 


UNIVERSITY OF GEORGIA 
DEPARTMENT OF BOTANY 


POSTDOCTORAL POSITION 


To study with monoclonal antibodies 
the physiochemical properties and 
molecular/cellular function of 
phytochrome, a morphogenically 
active protein. Background in 
protein chemistry and/or hybridoma 
technology desirable. Minimum 
salary $17,000. Available Spring/ 
Summer 1985. Details upon request. 


Send résumé and names of three 
references to: Dr L H Pratt, Botany 
Department, University of Georgia, 
Athens GA 30602; telephone 404-542- 
(NW1382)A 


E RES 

COUNCIL 
MOLECULAR BIOLOGIST 
A scientist is needed for a 3 year post- 
doctoral appointment, to work on 
the molecular basis of mutation in the 
mouse. The successful applicant will 
join a group working on mutagenic 
effects of radiation and other agents 
in the whole mammal, and thereby 
generating mutants for study. A very 
wide collection of mutants is already 
available. Experience with relevant 
molecular biological techniques is 
desirable. 


Salary and conditions of service 
according to MRC non-clinical 
scientific scales. Hostel accommoda- 
tion for single, and temporary 
housing for married people may be 
available, The Unit is situated in a 
pleasant rural area within easy reach 
of Oxford. 


Applications, together with full 
CV and the names of two referees, 
should be sent to the Personnel 
Officer, MRC Radiobiology Unit, 
Harwell, Didcot, Oxon OX11 ORD. 

(S217)A 


UNIVERSITY OF READING 
DEPARTMENT OF GEOLOGY 


LECTURER IN GEOPHYSICS 
Applications are invited for a 
Lecturership in Geophysics in the 
Department of Geology. Candidates 
should have research interests in solid 
earth geophysics. 

The appointment will be for a fixed 
period of 5 years from 1 October 
1985. Salary scale £7,520 to £14,925 
pa plus USS/USDPS benefits. 


Further particulars and applica- 
tion forms (2 copies) are available 
from the Personnel Officer, Uni- 
versity of Reading, Whiteknights, 
P O Box 217, Reading, RG6 2AH. 
Please quote Ref AC851i. Closing 
date 25 February 1985. (S210)A 


THE KENNEDY INSTITUTE 
OF RHEUMATOLOGY 


CELL OR MOLECULAR 
BIOLOGIST 
Postdoctoral position available for 3 
years to study subpopulations of 

human chondrocytes in culture. 


Starting salary on Range IA of 
scale for Research and Analogous 
Staff up to £10,623 (including 
London Weighting), depending on 
age and experience. Applications, 
with names of three referees, should 
be sent to the General Secretary, Ken- 
nedy Institute of Rheumatology, 6 
Bute Gardens, London W6 7DW. 
Closing date 14 February 1985. 

(SI94)A 







Please mention 


nature 


when replying to 
these advertisements 














LIVERPOOL 
DEPARTMENT OF ZOOLOGY 


POST-DOCTORAL SENIOR 
RESEARCH ASSISTANT/ 
RESEARCH ASSOCIATE 


Applications are invited from experi- 
mental biologists to work on 
measurements of cytoplasmic free 
Ca?*+ and ATP in single, isolated 
heart cells in pathogenic conditions 
{see Nature 312 444-446 [1984]). The 
post is funded by the British Heart 
Foundation and is available 
immediately for 1 year 9 months. 
Informal enquiries may be made to 
Dr Peter Cobbold on 051-709 6022 
ext 3095. 


Salary within the range £7,520 to 
£10,720 pa at age 31. 


Applications together with the 
names of three referees, should be 
received not later than 10 March, 
1985, by the Registrar, The Uni- 
versity, PO Box 147, Liverpool, L69 
3BX, from whom further particulars 
may be obtained. 


Quote Ref: RV/934. {5221)A 


UNIVERSITY OF 
CINCINNATI 


College of Medicine 
HEPATIC TRANSPORT 


Postdoctoral Position 


available for NIH-funded project 
studying ion transport by liver 
plasma membrane vesicles. 
Applicant must have recent PhD and 
a strong background in membrane 
transport. Salary support will be 
provided for two years. 


Send curriculum vitae and names 
of three references to: Bennett L 
Blitzer, MD, Director, Liver Study 
Unit, University of Cincinnati 
College of Medicine, 231 Bethesda 
Ave (Room 6560), Cincinnati, Ohio 
45267 USA (NW1388)A 


IMPERIAL CANCER 
RESEARCH FUND 


SENIOR RESEARCH 
OFFICER 


required by our Tumour Immuno- 
logy Unit based at University College 
London WCI to work under 
direction of Professor Mitchison 
studying T cell immunoregulatory 
networks in mice. Exceptionally 
demanding position with consider- 
able independence. Animal work 
includes immunisations and bleed- 
ing. Techniques involved are 
lymphocyte purification, separation 
and in vitro stimulation; mixed 
leucocyte reactions; in vitro and in 
vivo cytotoxic assays; protein puri- 
fication using column chromato- 
graphy and immunoabsorbent 
columns. 


HNC or degree plus at least eight 
years relevant laboratory experience. 


Salary range £9,874 to £12,238. 
Permanent appointment. 


For further information and 
application form write or telephone 
Ms S M Hurley, Imperial Cancer 
Research Fund, Linceln’s Inn Fields, 
London, WC2 on 01-2 305 
quoting reference 3 
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THE UNIVERSITY OF | 
“ADELAIDE 


nvites applications for both men and 
vomen for. the following postion: 


POSTDOCTORAL FELLOW 
Waite Agricultural Research 
Institute 


Ref X4231) in the Departments of 
\nimal Sciences and Agricultural Bio- 
‘themitry to work on a project aimed 
o improve nitrogen utilization in 
uminant animals. The successful 
ipplicant will be involved in the 
solation of genes coding for enzymes 
nvolved in ammonia metabolism and 
n the construction and expression of 
ynthetic genes coding for high quality 
woteins, The work will involve clon- 
ng in conventional, expression and 
sromiscuous plasmid vectors, DNA 
equencing, directed mutagenesis and 
elated methods. 


Applicants should hold a PhD 
legree and have training and exper- 
ence in recombinant DNA methods. 


The position is funded for three 
‘ears by the Reserve Bank of 
\ustralia. 


Further information can be 
ibtained from Dr Peter Langridge or 
yr John Brooker, Waite Agricultural 
tesearch Institute (Tel: 79 7901 ex- 
ension 368 or 357). 


Further information about the 
eneral conditions of all appointments 
nay be obtained from the Senior 
\ssistant Registrar (Personnel) at the 
Jniversity. 


Salary per annum: $A21,411 x 5 
— $A24,528. 


Applications, in duplicate, quoting 
eference number X4231 and giving 
ull personal particulars (including 
esidental status), details of academic 
\ualifications and names and 
ddresses of three referees, should 
each the Senior Assistant Registrar 
Personnel), University of Adelaide, 
JPO Box 498, Adelaide, South 
\ustralia 5001 (telex: UNIVAD 
\A89141) not later than 28 February 
985. 


The University reserves the right 
iot to make an appointment or to 
point by invitation. (WI1557)A 





JNIVERSITY OF GLASGOW 
DEPARTMENT OF GENETICS 


POSTDOCTORAL POST 


\ Postdoctoral position is available 
1 the Department of Genetics for 3 
ears, to work with Dr Howard 
acobs on the Isolation and 
‘haracterisation of Nuclear-coded 
Aitochondrial Genes from 
4ammalian Cells. This research is 
unded by an MRC Project Grant, 
nd salary will be at the appropriate 
oint on Range 1A of the scales for 
‘esearch and Analogous Staff, plus 
ISS benefits. 


Applicants should be familiar with 
omatic cell genetics and/or recom- 
inant DNA techniques. 


Applications, including full cur- 
iculum vitae and the names of two 
eferees should be sent to Dr H T 
acobs, Department of Genetics, 
Iniversity of Glasgow, Glasgow, 
n2 8QQ, before {0th February, 

85. 


In reply please quote- Ref No 
242/2. {5279A 











| NATURE CONSERVANCY 


COUNCIL 
(Commissioned Research — 
Contract Posts) 


ENTOMOLOGISTS 
For collation and assessment of 
species and site data for 
Invertebrates as part of the 
Invertebrate Site Register 
Project 

Applications are invited for contract 
posts with the Nature Conservancy 
Council, each for a fixed period of 
two years starting Ist April 1985. 
Three posts will be responsible for 
producing county reviews of impor- 
tant sites for invertebrate conser- 
vation. Two posts will be responsible 
for preparing national conservation 
reviews for the Coleoptera, Diptera 
or Hymenoptera. 


Qualifications: Candidates should 
have a first or second class honours 
degree, or equivalent, in zoology with 
a strong emphasis in entomology for 
appointment at Scientific Officer 
Level. For appointment at Higher 
Scientific Officer Level, at least two 
years relevant postgraduate 
experience is required. Those with a 
degree, or equivalent, of a different 
nature must be able to demonstrate 
adequate entomological knowledge. 


Salary: Scientific Officer — £5,909 
per annum. Higher Scientific Officer 
— £7,435 per annum. 


The NCC is an equal opportunity 
employer. 


The posts will be based in 
Peterborough. Possession of a 
current driving licence would be an 
advantage. 


Application forms and further 
details are available from: Mr N 
Kettell, Nature Conservancy 
Council, Northminster House, 
Northminster, Peterborough PE} 
IUA. 


The closing date for receipt of 
application forms is 18th February 
1985. (5205)A 


MEDICAL RESEARCH 
COUNCIL 
National Institute for Medical 
Research 


LABORATORY OF PEPTIDE 
CHEMISTRY 


A three year 
POSTDOCTORAL POSITION 


is available immediately to work on 
prohormone and hormone 
processing with special reference to 
the isolation and characterization of 
processing enzymes. Previous 
experience in protein chemistry 
would be advantageous. Further 
information can be obtained from Dr 
D G Smyth, (Tel 01-959 3666). 


The salary will be in the range 
£8,920 - £10,720 plus £1233 per 
annum London allowance. Super- 
annuation provision. 


Applicants should send cur- 
riculum vitae and the names of two 
referees to the Director, National 
Institute for Medical Research, Mill 
Hill, NW? 1AA, by 22nd February 
1985, quoting ref: PC/4/D.(5281)A 
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Agricultural Development and 
Advisory Service, Slough Laboratory 
Ministry of Agriculture, Fisheries and Food 


... to give advice and guidance to members of the Agricultural Science 
Service on the design of Laboratory experiments, field trials and surveys, 
and on the analysis and interpretation of the results. 

You should have a degree or equivalent in statistics and at least 2 years’ 
experience of applying statistics to biological research. You should also have. 
experience in computer programming and be familiar with statistical 
packages. 

Appointment as Higher Scientific Officer £7435 - £10,035 with starting 
salary according to qualifications and experience. 

For further details and an application form (to be returned by 

14 February 1985) write to Civil Service Commission, Alencon Link, 
Basingstoke, Hants, RG21 1)B, or telephone Basingstoke (0256) 468551 
(answering service operates outside office hours). 
Please quote ref: SB/36/AL. eS 
The Civil Service is an equal opportunity employer 












| 


(5275)A 


UNIVERSITY COLLEGE LONDON 
Mullard Space Science Laboratory 
Holmbury St. Mary 
Dorking 
Surrey, RHS5 6NT 
and 
Department of Electronic and Electrical Engineering 
Torrington Place 
London, WC1E 7JE 


SATELLITE RADAR REMOTE ° 
SENSING PHYSICIST/PROGRAMMER | 


Post doctoral position available from 1 February for — 
Physicist/Programmer to work on study of advanced radar altimeter.” 
techniques. Study funded by the European Space Agency with view 
to developing new technology altimeters for geophysical remote sensing 
from space. Work carried out jointly between to two UCL departments 
and collaboratively with Rutherford Appleton Laboratory and British 
Aerospace (Filton). hee 
Candidates should have experience in scientific data analysis and use _ 
of computers. Knowledge of electronics also useful. Salary dependent: 
on age and experience, to maximum of £10,330 plus USS memberships.” 
Applicants should send cv and telephone either Dr. C. G. Rapley 
030-670 292 or Mr. H. Griffiths 01-387 7050 ext 577. (5226)A 






















ANNOUNCEMENTS 


IMPERIAL CANCER RESEARCH FUND 
DNA TUMOUR VIRUS MEETING 1985 


The Imperial Cancer Research Fund is sponsoring a meeting on DNA 
tumour viruses to be held in Churchill College, Cambridge, England. 
from 29th July to 3rd August 1985 (5 days). The subject of the meeting F 
will be the molecular biology of small DNA tumour viruses, particularly 
polyoma virus, SV40 and adenoviruses. It will replace for this year the 
annual Cold Spring Harbour DNA tumour virus meeting. 

The meeting is open to ail interested research workers. The scientific 
programme will include oral presentations and posters. The cost for 
registration, accommodation, food and the abstract book will be £245. 
Anyone interested in attending the meeting should apply immediately 
for further details to: 

Miss Patricia Latter, ICRF DNA Tumour Virus Meeting 
Secretary, Imperial Cancer Research Fund, Lincoln's Inn Fields, 
London WC2A 3PX, England. (5186)G 
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THE 
CIBA-GEIGY PRIZE 
FOR RESEARCH 
IN ANIMAL HEALTH 


: At the end of 1985, Ciba-Geigy Animal 
` Health will consider submissions for the award of 
$0,000 Swiss Francs to a scientific worker whose 
research might be applied to the improvement 
of animal health through the prevention or treat- 
_ ment of disease. 
a A submission may be made by the origina- 
tor of the work or a recommendation may be 
„made by a third party. 
The work must be original to the nominee 
and, while it need not have been carried out dur- 
-ing the current year, it should be novel either in 
concept or development. 

© The closing date for entries will be 31 
May 1985. 

Further details and copies of the rules 
< governing the award may be obtained from: 
Dr. Patrick Barden FRCVS 

or Dr. Rolf F. Steiger 
CIBA-GEIGY Limited 
R-1001.B.P 87 
CH-4002 Basel 


Switzerland (W1555)N 








-SEMINARS and SYMPOSIA 





ELEVENTH EMBO SYMPOSIUM 


Growth Factors, Receptors, 


and Oncogenes 
16 19 September 1985 


EMBL, Heidelberg (F.R.G.) 


invited speakers include: 

M. Barbacid {Frederick}, T. Blundell (London), J. Brocks (London), 
A.W. Burgess (Melbourne), S. Courtneidge (London), F. Cuzin (Nice), 
M. Czech (Worcester), T.M. Dexter (Manchester), A.J. van der Eb 
(Leiden), J.R. Feramisco (Cold Spring Harbor), F. Fox (Los Angeles), 
A.G. Gilman (Dallas), T. Graf (Heidelberg), W. Greene (Bethesda), 
M.J. Hayman (London), C. H. Heldin (Uppsala), A. Hunter (La Jolla), 
D. Metcalf (Melbourne), W. Moolenaar (Utrecht), H. Moses 
(Rochester), R. Muller (Heidelberg), D. Nathans (Baltimore), P. Nurse 
{London), A. Pardee (Boston), P. Parker (London), J. Pouyssegur 
(Nice), P. Rigby (London), A. Roberts (Bethesda), E. Rozengurt 
{London}, D. Russell {Dalias}, J. Schlessinger (Rehovot), C. Stiles 
(Boston), A. Ullrich (San Francisco), M. Waterfield (London), R. 
Weinberg (Boston), M. Wigler (Cold Spring Harbor). 


The plenary sessions will cover: 

Cell cycle control; hematopoietic systems; growth factors and 
inhibitors; receptor structure and function; gene activation; regulation 
by phosphorylation; ion movement and signal transmission; second 
messengers; oncagenes. In addition there will be two poster sessions. 


Application: 

The deadline for applications is 15th April 1985. An Application form is 
to be published in the EMBO Journal, volume 4, issues 1, 2 and 3, 1985. 
Applicants are requested to photocopy the form and use it to apply for 
participation. The total number of participants will be limited to 250. 
The registration fee, which includes daily transport to the EMBL from 
Heidelberg during the Symposium, lunches, and the Symposium 
reception is DM 180, for graduate students DM 90, and for participants 
from industry DM 360. Participants will be accommodated in hotels in 
Heidelberg and in the EMBL guest houses. The registration fee does 
NOT cover the cost of accommodation. The registration fee should 
NOT be sent until you have been notified of your acceptance for the 
Symposium. 


Organizing Committee: 
T. Graf (EMBL, Heidelberg) -- Chairman, F. Cuzin (Nice), L. Philipson 
(EMBL, Heidelberg), P. Rigby (London), J. Tooze (EMBO, 





ASSISTANTSHIPS 





THE UNIVERSITY OF in recombinant DNA technology. 

: MANCHESTER The position is tenable for 3 years at 
| DEPARTMENT OF BIOCHEMISTRY cheers of £7,520 pa (Super- 
oe POSTDOCTORAL Applications, including a cur- 

_ RESEARCH ASSISTANT riculum vitae and the names and 


plications are invited for an SERC 

ded postdoctoral research assis- 
tantship to study aspects of the regu- 
-lation of gene expression during cell 
“division in yeast. Applicants should 
preferably have research experience 





addresses of two referees, should be 
sent to Dr John Rosamond, Depart- 
ment of Biochemistry, The Univer- 
sity, Oxford Road, Manchester M13 
OPT by February 15th, 1985. 
(5273)P 





< UNIVERSITY OF OXFORD 
» DYSON PERRINS LABORATORY 


THREE POSTDOCTORAL 
RESEARCH 

-| ASSISTANTSHIPS 
‘Applications are invited for the 
‘above posts to explore and exploit 
novel. methodology for asymmetric 
carbon-carbon bond formation using 
-enolates derived from iron acyl com- 


plexes. The posts (Research grade 1A 
at £7,520 — £8,920 pa) will be for one 
year at this stage. Applicants should 
have experience in synthetic organic 
or organometallic chemistry. 


Applications with curriculum vitae 
and names and addresses of two 
referees as soon as possible to Dr 
Stephen G Davies, Dyson Perrins 
Laboratory, South Parks Road, 
Oxford, OX1 3QY. (5215)P 


Heidelberg}, M. Waterfield {London}. (W1505)M 
STUDENTSHIPS 
UNIVERSITY OF OXFORD x 
DYSON PERRINS LABORATORY BE n 
RESEARCH 
ASSISTANTSHIP The College proposes to elect to 


Applications are invited for a post 
doctoral Research Assistantship 
(supported by SERC) for studies on 
the total enantiospecific syntheses of 
natural products (including glycosi- 
dase inhibitors) from carbohydrates. 


The appointment is for one year at 
this stage from 1 October 1985, or a 
later mutually agreeable date and is 
renewable. Salary will be within the 
range £7,520 — £8,920 p.a.) (Range 
1A, Research and Analogous Staff 
Scales). 


Applicants should send their cur- 
riculum vitae, and ask for two 
referees to send letters of recommen- 
dation directly to, Dr G W J Fleet, 
Dyson Perrins Laboratory, Oxford 
University, South Parks Road, 
Oxford, OX1 3QY as soon as possible 
and in any event before April 30. 

(5216)P 


Usher Cunningham Studentship Í 
graduate work in Oxford in a 
branch of Medical Science. 


The Studentship (open to men ai 
women} will be tenable fro 
l October 1985. The financial ai 
other provisions will be comparat 
to those governing awards made b 
Research Council. The Student w 
be a full member of Exeter Colleg 
which has an established reputatii 
in Medical Sciences. 


Applicants must be under 25 yez 
of age. They must also be accepted 
graduate students by a Facul 
Board. Applications with the nar 
of two referees should be made tot 
Rector by Thursday, 4 April 1985. 

(5265) F 
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“ STUDENTSHIPS 
























RESEARCH 
STUDENTSHIP 


Applications are invited from the 
holders of a good Honours degree 
in Chemistry, for a three year 
Research Studentship in a 
research group led by Professor 
A Pelter and Or D H Richards, 
paid at normal studentship rates, 
for research into the design of 
hindered Lewis Acids for the 
control of anionic polymerisation 
af dienes. 


Applications should be made 
as soon as possible to Pro- 
fessor A Pelter, Department 
of Chemistry, University 
College of Swansea, Single- 
ton Park, Swansea SA2 8PP. 

(5198)F 















LONDON SCHOOL OF 
HYGIENE AND TROPICAL 
MEDICINE 
(University of London) 


TWO RESEARCH 
STUDENTSHIPS 


œ our display advertisement on 
ge 9, (S254)F 





<ING’S COLLEGE LONDON 


DEPARTMENT OF BIOPHYSICS 
and 
MRC CELL BIOPHYSICS UNIT 


-ESEARCH STUDENTSHIPS 


is hoped to be able to offer a 
umber of Research Council student- 
lips, for postgraduate study leading 
».the PhD degree, for the academic 
zar beginning in October 1985. The 
iree main areas of research are 
‘NA, chromatin organisation and 
me expression; Muscle, motility 
1d cell shape; and Nerve cell growth 
id pattern. 


Applications are invited now from 

tose who have, or expect to obtain, a 
30d honours degree in a relevant 
ibject, including biophysics, bio- 
yemistry, zoology, botany, 
iological sciences, physiology, 
iemistry, physics, molecular 
iology, etc. A full list of research 
pics and supervisors can be ob- 
ined from Mr D M Drummie, 
ing’s College London, 26-29 Drury 
ane, London WC2B SRL, or tele- 
hone 01-836 8851 and ask for 
atricia Collins. (S266)F 

















WORKSHOP 











May 19-30: 
Chemical Synthesis of DNA 
Oligonucleotides 


Students will synthesize 12-14 base 


oligonucleotides of their own 
design. The solution triester 
condensation method will be used. 
This method uses simple 
laboratory equipment and is the 
method of choice for economical 
synthesis of large amounts of 
oligonucleotides, The synthesized 
product will be purified and 
sequenced, Alternative methods of 
synthesis will be discussed. 
Unlization of oligonucleotides as 
primers, probes and site-specific 
mutagens will be demonstrated. 
Sponsor: Susan T. Lord 
University of North Carolina 
Instructors: 

Howard Coyer, Group Leader 
Oligodeoxynucleotide Synthesis 
Laboratory 

Pharmacia P-L. Biochemicals, Ine. 


Richard Ogden 
Agouron Institute 


Tuition: $1000 








(NW 1381)V 


UNIVERSITY OF 
MANITOBA 
DEPARTMENT OF ORAL BIOLOGY 
POSTGRADUATE 
STUDENTSHIP 


Applications are invited for a 
graduate studentship to investigate 
the mechanism of action of neuro- 
transmitters and bioactive peptides 
(SP, VIP, etc) in controlling exocrine 
secretion in salivary glands. The 
project would be suitable for a 
graduate with a first degree in bio- 
chemistry or pharmaceutical 
sciences. Starting date, summer 1985. 


Applications, including a cv and 
the names of two referees, should be 
sent as soon as possible to: Dr N 
Fleming, Department of Oral 
Biology, University of Manitoba, 780 
Bannatyne Avenue, Winnipeg, 
Canada R3EOW3. (NW 1405)F 





1 9 
CAROLINA 








HE—g 


WO 


June 8-June 22 
Molecular Genetics: 
Chromosome Structure and 
Function 



























Emphasis on general and 
advanced recombinant DNA 
techniques including restriction 
digests, electrophoretic analysis, 


DNA with both radioactive and 
biotinylated nucleotides, M13 
cloning and dideoxy-sequencing. 
Students will study chromosome 
segregation and replication by 
constructing mutations m vitro and 
transforming yeast with yeast-E 
coli shuttle vectors. Chromosomal 
integration techniques will be 
employed. Transformants will be 
analyzed using molecular and 
classical genetic approaches. Lab 
work will be supplemented by 
lectures from visiting and 
University of North Carolina 
faculty. 

Sponsor: Dana M. Fowlkes 
University of North Carolina 


Instructors: 

Molly Fitzyerald-Hayes 
University of Massachusetts 
Carol S. Newlon 

New Jersey School af 
Medicine —UMDN] 


Tuition: $1200 


THE MOLECULAR 


BIOLOGY OF PHYSARUM 


POLYCEPHALUM 


NATO Advanced Research 
Workshop 


Friedrick Conference Center 





FELLOWSHIPS 


{Southampton 
i THE 
YP UNIVERSITY 


Department of Chemistry 


Optical Studies of the 
Semi-Conductor| 
Electrolyte Interface 


A postdoctoral research fellow is 


UNIVERSITY OF ABERDEEN 


MEDICAL ENDOWMENTS 
RESEARCH STUDENTSHIP 


Applications are invited for a PhD 
studentship for research in one of a 
range of subjects including virology, 
immunology, and lipid, enzyme and 
protein biochemistry in departments 
of the Faculty of medicine. The value 
of the studentship is similar to those 
of the research councils. 


F 
as - fe . 
chemistry or solid-state science 


Application forms and further c 
details are obtainable from Mr 
D K Yule, Assistant Secretary 
(Academic), University Office, 
Regent Walk, Old Aberdeen AB9 
IFX. Closing date for receipt of 
applications: 15 February 1985. 
(S280)F 


are desirable. The sala 
the range £7,520 — £7,980 
annum, depending upon age and 
experience, plus superannuation. 
The fellowship i 
immediately and the appointment 
will be for one year. 


Applications including Curri- 


required to develop reflectance 
instrumentation to study semi- 
conductor/electrolyte interface. 


amiliarity with optical techniques 
weil as a background in electro- 


will be in 
per 


is available 


ulum Vitae and the names of 


two referees should be sent as 
soon as possible to Dr. L.M. 
Peter, 
Chemistry, 
Southampton, 
SO9 5NH. Tel. 0703 559122 


of 
University of 
Southampton 
ext. 
jA 


Department 


. 
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5 
RKSHOPS 


Southern blot transfers, labeling of 



























To apply: Send a brief 
description of your 
research interests and the 
relevance of our course to 
your plans. Send a brief 
resume of your training, 
institutional affiliation 
and contact telephone 
number to Dr. John 
Newbold, Workshop 
Coordinator, Program in 
Molecular Biology & 
Biotechnology, University 
of North Carolina at 
Chapel Hill, 4th Floor 
Swing Building, 217H, 
Chapel Hill, N.C. 27514. 


Application Deadline: 
March 4, 1985 
Acceptance notification 
by: April 1, 1985 
Inexpensive air 
conditioned dormitory 
housing is available, 


fi 


Program in 
Molecula 

















































Universtiy ok 
North Carolins 
at Chapel TEN 



























University of Wisconsi 

Madison, WI ` 

July 8-13, 1985 ee 
Applications should be sent to W E 
Dove, McArdle Laboratory, Univer- 
sity of Wisconsin, Madison, WI. 
53706 USA; Due March 1, 1985; > 
(NW1402)V__ 


CONFERENCES and 
COURSES 


UNIVERSITY OF SURREY 
DEPARTMENT OF MICROBIOLOGY | 


MSc MEDICAL 
MICROBIOLOGY 


A two year, day release course (Wed- 
nesday 10.00 - 17.00) in which 
lectures and tutorials are supple 
mented by practical workshops 
which give students access to 
specialised techniques. The course is 
organised in close liaison with. the 
staff of local public health labor. 
atories and research establishments, 
and much of the teaching is done by 
distinguished guest lecturers. a 








Applicants should have worked in 
medical microbiology for at least one 
year, and hold a degree in biological 
sciences, veterinary science or. 
medicine. Suitably qualified non- 
graduates may also be considered. - 


Further information can be: 
obtained from: The Admissions 
Tutor, MSc Medical Microbiology, © 
Department of Microbiology, Uni- 
versity of Surrey, Guildford, Surrey, 
GU2 5XH, Telephone (0483) 571281, 
ext 872 or 794. (5261)C 


Continued on nage 24 








Advances in the Applications of Monoclonal Atibodies in Clinical Oncology 
8 — 10 May 1985 
This course will highlight advances in both fundamental aspects of monoclonal antibody developments and clinical applications 


in diagnosis and therapy of neoplastic diseases. sels nee 
The course is suitable for both laboratory scientists and clinicians. 


Topics include 
Radiochemistry of antibodies 
The clinical value of radiojpamuno intigraphy 
State of the art with "11 9) and '" in labelled 
antibodies and their fragments 
Dosimetry of radiolabelled antibodies 
Cytotoxic antibodies 


Immunoglobulin genes 

Human monoclonal antibodies 

Antibody fragments 

The impact of monoclonal antibodies in 
immunohistology 

Leucocyte and thymic antigens i 

Epithelial differentiation antigens Antibody-chemotherapy conjugates 

Clinical Case Presentations immunotoxins 

In vitro and in vivo results of antibody guided therapy. 


Speakers include: 


Dr E C Gordon-Smith, London, UK 
Dr K E Halnan, London, UK 

Dr D J Hnatowich, Boston, USA 
Professor J Humphrey, London, UK 
Dr J P Lavender, London, UK 
Professor L Luzzatto, London, UK 
Dr M Myers, London, UK 


Professor J G Azzopardi, London, UK 
Professor R R Batchelor, London, UK 
Dr K E Britton, London, UK 

Dr P Doherty, Boston, USA 

Dr M J Embieton, Nottingham, UK 
Professor D A G Galton, London, UK 
Dr K C Gatter, Oxford, UK 

Dr D Goldenberg, New Jersey, USA 


Professor S Order, Baltimore, USA 
Professor J S Orr, London, UK 
Professor D K Peters, London, UK 

Dr K Sikora, Cambridge, UK 

Dr J Taylor-Papadimitriou, London, UK 
Dr P Thorpe, London, UK 

Dr H Waldmann, Cambridge, UK 

Dr A A Epenetos, London, UK 


Course organisers: 
Dr A A EPENETOS, Senior Lecturer in Clinical Oncology, RPMS, Hammersmith Hospital 
Dr K E HALNAN, Director of Radiotherapy and Oncology, RPMS, Hammersmith Hospital 
COURSE FEE: £110 including catering 
Application forms, abstract forms and further details may be obtained from: School Office (SSC), Royal Postgraduate Medical 
chool, 
Hammersmith Hospital, Du Cane Road, London, W12 OHS (Telephone 01-743 2030 ext 351) 
COURSE ENQUIRIES: Dr A A Epenetos (Telephone: 01-743 2030 ext 85) 
One half-day will be open for paper presentations. 
Abstracts will be considered for oral and for poster presentation and, if accepted, will also be considered for publication by the 


British Journal of Cancer. 
CLOSING DATE: 1 March 1985. 


UNIVERSITY OF NOTTINGHAM 
MSc COURSE IN MEAT SCIENCE 


Applications are invited from GRADUATES in appropriate subjects 
{normally in Agricultural, Biological, Chemical or Veterinary Sciences) 
for admission to an advanced course of study leading to the degree of 
MSc (by examination) in Meat Science. The course, which is of one 
year's duration, includes Production of Meat Animals, Physiology of 
Meat Animals, Anima! Health & Meat Inspection. Commodity Science 
of meat and the Economics and Marketing of Meat. A short disseration 
based on research of a topic selected from one of these 5 subjects 
constitutes part of the overall assessment for the degree. 

The course is designed to provide those having appropriate scientific 
training with specialist knowledge of meat whereby they would be 
suitably qualified to accept responsibility for the scientific control of 
“meat as a commodity in relation to developments within E.E.C. and in 
world trade generally. 

: For suitable U.K. applicants, scholarships may be available. 


Those seeking admission for the 1985-86 session should write 
> before 5 May, 1985 requesting an application form, from the 


. following: The Secretary (Ref. PG.P), School of Agriculture, 
University of Nottingham, Sutton Bonington, Loughborough 


Leics LE125RD. (5251)C 





EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 
PRACTICAL COURSE 


“GENETIC MANIPULATION OF 
STREPTOMYCES"” 


JOHN INNES INSTITUTE, NORWICH, ENGLAND 
13-27 July 1985 


~The course will include gene cloning, protoplast fusion, mating, phages 
-and plasmids. Instructors: M.J. Bibb, C.J. Bruton, K.F. Chater, D.A. 

Hopwood, H.M. Kieser, T. Kieser, D.J. Lydiate and C.P. Smith. 
Further particulars and application forms from Professor D.A. 


‘Hopwood, John innes Institute, Colney Lane, Norwich NR4 
7UH, England. (Deadline for applications 1 April 1985.) 


{5200}C™ 








t (Southampton 
i THE 
i UNIVERSITY 


Department of Biology 


MSc/Diploma Courses in 
Insect Control (Research 
Methods) and Tropical and 
Sub-Tropical Crops Research 


Applications are invited for the 
above MSc/Diploma Courses. 
Both courses run for 12 months 
from October 1985 and are 
suitable for overseas and UK 
applicants holding a good honours 
degree in a biological or agricul- 
tural science (or chemical science 
in the case of the Insect Control 
course). 

A number of grants are available 
from the University for UK 
gaduates taking the insect 

ontrol Course. 
Further details may be 
obtained from Dr. P.C. Jepson 
{insect Control), Building 3, 
Department of Biology or Dr. 
P.K. Evans (Tropical Crops), 
Building 44, Department of 
Biology, Southampton Univer- 
ity, Southampton SO9 SNH. 
(5242)C 








Please mention 


(5191)C 


UNIVERSITY OF GLASGO' 


MSc (Med Sci) in 
MEDICAL GENETICS 


Applications are invited for a cour 
leading to the degree of Master 
Science in Medical Genetics whi 
will commence in October, 1985, 


This one year course is designed f 
graduates in Science wishing 
pursue a career in Clinical La 
oratory Genetics, and for gradual 
in Medicine undertaking High 
Medical Training in medic 
Genetics. It will cover cytogenetic 
biochemical genetics, recombina 
DNA technology and their app 
cation to clinical genetics. Part oft 
course will comprise electives appr 
priate to either medical or scien 
graduates, Each candidate w 
undertake supervised research a 
complete a dissertation. Applicar 
should have a degree in medicir 
dentistry or equivalent qualificatic 
or a degree with honours 
equivalent degree in one of t 
biological sciences. 


Application forms and furth 
details may be obtained by writing 
Professor M A Ferguson-Smit 
Duncan Guthrie Institute of Medic 
Genetics, Yorkhill, Glasgow G3 8§ 
enclosing a curriculum vitae. 

OG27NA 
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UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 


M.Sc. in TOXICOLOGY 


Applications are invited for a postgraduate course leading to an M.Sc. 
degree in toxicology. The course, which may be either full-time or part- 
time is organised by the Department of Biochemistry, University of 
Surrey, with the MRC Toxicology Unit, Carshalton; the British 
industrial Biological Research Association, Carshalton and Shell 
Toxicology (Tunstall) Laboratory, Sittingbourne. During the course 
instruction is given in these collaboration laboratories as well as at other 
major toxicological institutions. Entrance requirements are as for a 
Ph.D and a limited number of grants from the medical Research Council 
and the Inveresk Research Foundation are available for suitable 
candidates. On the successful completion of the course, opportunities 
may be available for students to register for a Ph.D in toxicology, and to 
undertake a period of research training either in one of the above names 
organisations or in other laboratories approved by the University as 
being suitable for toxicology research. 


The Medical Research Council, the Royal Society and the Royal College 
of Pathology have identified toxicology as a priority area for research 
training and therefore support the encouragement of first class 
students from a variety of disciplines to become involved in the science 
of toxicology. In modern society contact with potentially toxic 
chemicals is increasing. Problems may arise from the use of drugs for 
medical purposes, from occupation exposure to industrial products or 
intermediates and from environmental exposure to nature or synthetic 
substances. 


The course, which was the first of its kind in Europe, is designed to 
provide graduates in science, and medical and veterinary graduates, 
with an understanding and appreciation of the many disciplines 
involved in toxicology. Particular emphasis is placed on aspects related 
to the biochemical mechanisms of chemically induced toxicity, and the 
assessment of toxicological hazard in the manufacture, use and 
disposal of new chemical compounds, pesticides and medicines. The 
course provides a broad biological education and is a suitable 
introduction for those intending to undertake research on the inter- 
action of chemicals with biological systems. 


There are numerous interesting opportunities for scientists, educated 

initially in different disciplines, who have acquired additional 

knowledge of toxicology. These may be in industry, government 

regulatory bodies, or research institutes with good career prospects in 
. both laboratory work and administration. 

Further information and application forms to be returned by 

either 1st March, 1985, (British and EEC applicants) or Ist June 

1985 (other applicants), can be obtained from: 

Dr. R.S. Jones 

Department of Biochemistry, 

University of Surrey, 

GUILDFORD, 


Surrey GU25XH. (5199)C 





ELEANOR ROOSEVELT INSTITUTE FOR 
CANCER RESEARCH 
and 
GIVEN INSTITUTE FOR PATHOBIOLOGY 


Laboratory Course in Research Methods 
in Somatic Cell Genetics 


An NIH workshop course in Aspen Colorado, August 6-24, 1985, in 
key procedures which utilize a combination of somatic cell and molecular 
genetics for the cloning and analysis of function of mammalian genes. 
Laboratory exercises will include isolation of somatic cell mutants, 
somatic cell hybridization for complementation and dominance analysis, 
preparation of a cDNA library, DNA mediated gene transfer and 
manipualtion of mammalian genes in £. coli. These exercises are 
designed to provide necessary introduction in genetic technology for 
professional research workers wishing to apply this technology to their 
ongoing research program. Those with interests in research in 
malignancy are particularly encouraged to apply. All expenses except 
travel borne by program. 


Faculty will include Doctors J.N. Davidson, M.L. Law, A. Siddiqui, 
M. Sinensky, and C. Waldren. 


Applicants should submit curriculum vitae, and short paragraph 
describing research interests and the expected contributions of this 
course to their program to: Dr. Michael Sinensky, Program Director, 
Somatic Cell and Molecular Genetics Workshop, 4200 E. 9th Ave., 
B-129, Denver, CO 80262. U.S. citizens only. (NW1407)A 














FELLOWSHIPS 


EMBL 


European Molecular Biology Laboratory 


PREDOCTORAL 
FELLOWSHIPS 


The European Molecular Biology Laboratory is to award a small number 
(5-6) of predoctoral fellowships for graduates wishing to study for a 
Ph.D. at EMBL Heidelberg. 


The areas of research in Heidelberg include membrane biology, cellular: 
differentiation, analysis of the structure of membrane proteins and 
protein nucleic acid complexes and the structure and regulation of 
genes in procaryotes and eucaryotes. : 


To be eligible, candidates must hold, or anticipate receiving in 1985, a 
first or upper second class honours degree, a masters degree or a 
dipioma in biological sciences, physical sciences or mathematics. 


Preference will be given to candidates from the member states of EMBL 
and EMBC namely: Austria, Belgium, Denmark, Finland, France, 
Federal Republic of Germany, Greece, Iceland, ireland, israel, Italy, 
Netherlands, Norway, Spain, Sweden, Switzerland, United Kingdom. 


Short listed candidates will be asked to visit EMBL (travel expenses 
reimbursed) for an interview. Those awarded predoctoral fellowships 
will be expected to begin working at EMBL in September 1985. The 
normal duration of the fellowships will be 3 years subject to annual 
review. 


The closing date for completed applications is February 1st 1985. 
Successful candidates will be notified by the end of April 1985. 


Application forms and a catalogue giving further information 
about the research at EMBL and the groups participating in the 
Laboratory's predoctoral programme is available on request: 
from Dr. J. Tooze, Predoctoral Programme, EMBL, Postfach 
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10.2209, 6900 Heidelberg, F.R. Germany. (W1461)E 
THE UNITED MEDICAL THE UNIVERSITY OF 
AND DENTAL SCHOOLS OF SUSSEX 
GUY’S AND ST THOMAS’S RESEARCH FELLOW IN 
HOSPTIALS THEORETICAL NUCLEAR 
St Thomas’s Hospital PHYSICS 
Medical School In the School of Mathematical and 


London SE1 7EH 


Applications are invited for a Post- 
doctoral Fellowship created by the 
award of an MRC Project Grant for 
studies of the gene for the low- 
density-1ipoprotein receptor in 
human liver. The post will be for 2 
years at a salary of £9716 pa. The 
successful applicant will have 
previous experience in recombinant 
DNA technology. The work will 
involve collaboration between the 
Dept of Chemical pathology, St 
Thomas’s Hospital (Dr N E Miller) 
and the Molecular Medicine Unit, 
Clinical Research Centre, Harrow 
(Dr J Scott). 


Applications to Dr J Scott before 7 
February 1985. (5220)E 


Physical Sciences, a one or two-year 
SERC funded Research Fellowship in 
Theoretical Nuclear Physics starting 
on Ist October 1985. The Fellow 
would be expected to collaborate 
with Professor J P Elliott, Dr J A 
Evans and Dr E A Sanderson who are 
currently working on nuclear 
structure problems, including the 
development of the Interacting 
Boson Model and a study of Effective 
Interaction. 

Salary, depending on age and. 
experience, within the range £7,520 
to £9,860 per annum. ; 

Applicants should send curriculum 
vitae and the names of two referees to 


professor J P Elliott, School of . 


Mathematical and Physical Sciences, 
The University of Sussex, Brighton 
BN1 9QH, England. (S260)E 


The Royal Society of Edinburgh 








Research Fellowships 


Applications are invited for post-doctoral Fellowships (£7,520 — £14,925 
p.a.}, tenable from 1 October 1985, at Scottish Universities, Colleges 
and Central Institutions. There are two classes of Fellowships — 
{a} Personnel Research Fellowships for candidates possessing a doctor- 
ate or equivalent higher qualification; 

{b} Support Research Fellowships to provide temporary replacements 
for tenured staff taking study leave. 

Further details and application forms, which should be compieted 
and returned by 15 March 1985, may be obtained from the 
Executive Secretary, The Royal Society of Edinburgh, 22/24 
George Street, Edinburgh EH2 2PQ. (5219)E 















FELLOWSHIPS 





EMBO 


European Molecular Biology Organization 


LONG TERM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 
SPRING 1985 AWARDS 
Next deadline: 20 February, 1985 


EMBO long term post-doctoral fellowships are awarded to 
promote the development of molecular biology and allied 
research in Europe and Israel. To be eligible a candidate must 
hold a doctorate degree and the exchange must involve a 
laboratory in Western Europe or Israel. EMBO fellowships are 
not, however, awarded for exchanges between laboratories 
within any one country. Long term fellowships are awarded 
initially for one year, but depending on a review of progress, 
they may be renewed for a second year. In cases of exceptional 
scientific merit renewal for a third year is possible. The fellow- 
. ship comprises a return travel allowance for the fellow and any 
dependents and a stipend and dependents’ allowance. 


Since the selection procedure may include an interview, 
candidates are requested to respect the deadline for complete 
applications which is 20 February 1985. Successful candidates 
will be notified of their awards immediately after the meeting of 
the selection committee, which is on 29 April, 1985. 


Application forms and further details may be obtained 
from Dr. J. Tooze, Executive Secretary, European 
Molecular Biology Organization, Postfach 1022.40, 69 


Heidelberg 1, F. R. Germany. 


THE AUSTRALIAN 
NATIONAL UNIVERSITY 


Applications are invited from 
suitably qualified men and women 
for appointment to the following 
position: 
Research School of Earth 
Sciences 


-= RESEARCH FELLOWSHIP 
n IN SEISMOLOGY 


‘Applications are invited for a 
Research Fellowship in Seismology 
to complement and strengthen the 
School’s current activities which 
exploit Australia’s unique position in 
relation to regional and world 
seismicity and the antiquity of the 
continental material, 


-. Areas of particular interest are: (1) 
the development of reflection seismic 
techniques and modelling for appli- 
cation to deep crustal structure; (ii) 
source studies and related seismo- 
‘tectonic work on the active plate 
‘margins of the Indo-Australian plate; 
(iii) the structure of the upper mantel. 
. However applications will be con- 
sidered from candidates with 
“interests which lie outside these areas. 


Closing date: 15 February 1985. 


(W1459)E 





Conditions of Appointment: 
Salary in accordance with qualifi- 
cations and experience will be within 
the range: $424,840 - $32,634 pa. 


Appointment unless otherwise 
stated, will be for up to three years 
initially with the possibility of exten- 
sion, after review, to maximum of 
five years. Grants are provided 
towards travel and removal. 
Assistance towards housing is given 
to an appointee from outside Can- 
berra. Eligible appointees will be 
required to join the Superannuation 
Scheme for Australian Universities. 
Maternity leave is available. The Uni- 
versity reserves the right not to make 
an appointment or to make an 
appointment by invitation at any 
time. 


Prospective applicants are en- 
couraged to write to the Acting 
Registrar, GPO Box 4, Canberra, 
ACT 2601, Australia, or the 
Secretary General, Association of 
Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF, for further particulars 
before submitting applications. 


The University is an Equal 
Opportunity Employer (W1559)E 





Please mention 


nature 


when replying to these advertisements 





THE OPEN UNIVERSITY 
Faculty of Science 


RESEARCH FELLOWSHIP 
IN BIOLOGY 


Applications are invited for an 
SERC-funded post in the Develop- 
mental Dynamics Research Group 
which is concerned with the study of 
electrical currents in development 
and regeneration. The group is led by 
Professor B C Goodwin, head of 
Biology. The particular project is the 
study of ion flows associated with 
morphogenetic processes using the 
vibrating probe and ion-specific elec- 
trodes, together with electrophysio- 
logical studies associated electrical 
potential differences across cell mem- 
branes and between compartments. 
The work will also involve use of the 
SQUID magnetometer to study 
electrical fields in developing 
organisims. 


The appointment will be for 3 years 
at the post-doctoral level for candi- 
dates holding or about to obtain a 
PhD degree. Electrophysiological ex- 
perience, some familiarity with elec- 
tronics, and a general biological 
knowledge will be expected. Salary 
will be on the 1A Scale for Research 
and Analogous Staff (£7,520 — 
£12,150 pa). Maximum initial salary 
will be £7,980. Application forms 
and further particulars are available 
from Dr J W R Smith (4798/1), 
Administrative Assistant (Science), 
Faculty of Science, The Open 
University, Walton Hall, Milton 
Keynes, MK7 6AA or telephone 
Milton Keynes (0908) 653478/653993: 
there is a 24-hour answering service 
on Milton Keynes 653868. 


Closing date for applications: 15th 
February. (S20DE 


PLANT BREEDING 
INSTITUTE 


POSTDOCTORAL 
FELLOWSHIP 


A two year Postdoctoral Fellowship, 
supported by Pioneer Hi-Bred Inter- 
national Inc, is available to work with 
Dr David Lonsdale on the molecular 
basis of cytoplasmic male sterility in 
maize. The successful candidate will 


conduct research into identifying the | 


genes and gene products involved in 
the control of male sterility. 
Candidates should have a first or 
upper second class honours degree in 
an appropriate biological subject 
with at least two years’ experience in 
recombinant DNA techniques/DNA 
sequencing, and a PhD. 


Appointment will be at Higher 
Scientific Officer (salary £7,435 to 
£10,039 pa). Non-contributory 
pension scheme. 


Applications with curriculum vitae 
and names and addresses of three 
referees should be sent to the Estab- 
lishment Officer, Plant Breeding 
Institute, Cambridge CB2 2LQ, 
quoting reference CYT/194, by 21 
February. 


The Institute is an Equal Oppor- 
tunities Employer. (5236)E 


MAYO CLINIC 


POSTDOCTORAL 
FELLOWSHIP 


in Endocrinology and Metabolism 
July 1, 1985 in Endocrine Researc] 
Unit, Mayo Clinic, Mayo Medica 
School. Candidates must have PhD 
DVM, DDS or MD degree and mus 
be United States citizen or holder © 
immigrant visa. Investigators in uni 
are interested in the metabolism ani 
mechanism of action of calcitropi 
hormones such as parathyroid hor 
mone, calcitonin and vitamin D. 


Contact Dr R Kumar, 5-164 V 
Joseph, Mayo Clinic, Rochester 
Minnesota 55905; phone 507 
285-4300. An equal opportunity. 
affirmative action institution. 

(NW 1400)E 


FROST FOUNDATION 
FELLOWSHIP 


Institute of Ophthalmology 
(University of London) 


Applications for a Fellowship 
tenable for three years in the Sub 
Department of Virology, are invitec 
from post-doctoral graduate: 
experienced in protein or membrang 
biochemistry. The successful candi. 
date will be appointed on the Lecture 
scale, depending on experience ant 
qualifications and will be required tt 
carry out immunochemical studies or 
ocular pathogens including thi 
Chlamydia and viruses. 


Application forms may be obtain 
ed from Professor S Darougar, Sub 
Department of Virology, Institut: 
of Ophthalmology, Judd Street 
London, WC1H 9QS. (5229)E 


APPOINTMENTS 
WANTED 


RESEARCH POSITION for Post 
Doctoral scientist. 9 year: 
research/teaching experience ir 
histology, histochemistry anc 
immunocytochemistry at light anc 
ultrastructural levels. Experience ir 
antibody characterisation, histo 
pathological diagnosis of neuro. 
endocrine tumours, regulator) 
peptides, in-situ hybridisation anc 
freeze fracture replication. Publi 
cations. Contact K L Sikri, Histo 
chemistry Department, RPMS 
Hammersmith Hospital, London 
Tel 743 2030 ext 453. (5207)B 


APPOINTMENTS WANTED 


advertise your qualities and qualifi 
cations through the most influentia 
science weekly in the world at : 
special reduced cost of 25p a word 
(Personal Box Numbers £2). 
Advertisements must be pre-paid ane 
sent to: Nature Classified (Appt 
Wtd), 4 Little Essex Street, Londo 
WC2R3LF. (890)B 


ACCOMMODATION 


3-BED LONDON FLAT to let, 6-12 


months. Close Earls Court: 
S Kensington. £160 per week 
exclusive. Phone London 340 7434 
Write Box 5244, c/o Nature, 4 Littl 
Essex Street, London WC2R 3LF. 
(5244)S 
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In the past five years, even the enthusiasts of the new 
biotechnology industry have been surprised at the speed 
with which new opportunities have emerged. 





THE AIM 

of this conference is to provide a survey of the 
recent research that will influence the evolution of 
biotechnology in the next few years. 


THE SPEAKERS 

have been chosen for the originality of their own 
contributions to the topics outlined above, but they 
will also provide a survey of recent work related to 
their own immediate interests. 


They include: 


Dr. J. Birch, Celltech Ltd. 
Dr. M. Neuberger, MRC, Cambridge 
Professor M. W. Fowler, Wolfson Institute, 
Sheffield 
Professor J. Schell, Max Planck Institut, Cologne 
Professor D. Hopwood, University of East Anglia 
Dr. B. Carter, Searle R & D 
Professor P. Tiollais, Institut Pasteur, Paris 
Dr. Aaron Klug, MRC, Cambridge 
Dr. D. Thomas, Université de Technologie 
de Compiègne 
Dr. S. Emtage, Celltech Ltd. 


THE FORMAT 

has been planned to allow ample opportunity for 
discussion — each formal presentation will be 
followed by a question period, and each day's 
proceedings will end with a round-table discussion in 
which all speakers will take part. 


PARTICIPANTS 
in the conference will be provided in advance with a 
selection of reading matter which will serve as a 
useful background to particular talks. 

POSTER SESSIONS 

will be held each day. Those wishing to present a 
brief account of their own work should contact Dr. 
Peter Newmark, at the address below. 

The experience and authority of NATURE promise 
to make this conference unique. 

For more details, 'phone Deborah Jones, 
Conference Administrator, 
on 01-836 6633, or send 
us the form below. 







Expertise 
and excellence 
Products from 
Anglian Biotechnology 
Limited 


Recognition sites for restriction enzymes 























Cat no, Eneyme Cutting site Cat no. Enzyme Cutting site 
101 Ana I TTT | AAA 141 Hha | GCG IC 
102 Alu! AG | CT LH Hinc Il GTPyPuAC 
154 Aoc] CC | TNAGG 12 Hind Ill A | AGCTT 
162 AOC fl G(GATIGCICTA) | C 13 Hinf | G | ANTC 
152 Aos i TGC | GCA 14 Hpa | GTT | AAC 
153 Aos li Gpu | CGPyC 129 Hpa Il C} CGG 
163 Apa! CGCCC |C 15 Kpn | GGTAC | C 
103 Aval C | PyCGPuG 16 Mbo | | GATC 
104 Ava ll G | GIATICC 17 Mbo Il GAAGA 
164 Avr ll CCTAGG 69 Nsp BII C{ACIG | CITGIG 
157 Asu il TT | CGAA 70 Nsp HI PUCATG | Py 
67 Bal TGG | CCA 71 Nun |i GG | CGCC 
05 Bam HI G | GATCC 18 Psi] CTGCA | G 
68 Bbv! GCAGC 42 Pyu | CGAT | CG 
45 Bci T | GATCA 143 Pvu ll CAG | CTG 
06 Bgl! GCCNNNN | NGGC 72 Rsa | GT | AC 
07 Bul H A | GATCT 19 Sac | GAGCT | C 
08 Bst G | GATCC 20 Sac Il CCGC | GG 
144 Bst NI CC | IATIGG 121 Sall G | TCGAC 
4| Cfo! GCG IC 22 Sau 3Al | GATC 
148 Clai AT | CGAT 6l Sau 961 ` G | GNCC 
146 Dde | C | TNAG 147 Scal AGT | ACT 
149 Dont | GATC 15] Sex | C | TCGAG 
150 Dral TTT | AAA 123 Sini G | GIATICC 
165 Dra ll PuG | GNCCPy 124 Sma | CCC | GGG 
166 Dra lll CACNNN | GTG 125 Sph | GCATG | C 
10 Eco RI G | AATTC 126 Taq! T} CGA 
130 Eco Ril | CGIATIGG 173 Thal CG | CG 
160 Eco RV _ GAT {ATC 127 Xba i T | CTAGA 
158 Esp} GC | TNAGC 128 xho | C | TCGAG 
159 Hae Il PuGCGC | Py 174 xmal G | CCGGG 
110 Hae lll GG} CC 175 Xma Ill C | GGCCG 
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Anghan Biotechnology Limited 
Hawkins Road, Colchester, Essex, England CO2 8JX 
Telephone (England) (0206). 44469 
Telex 987181 BIOTEC G 
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... proven and designed to 
meet your separation needs 


More than twenty years ago, we at Pharmacia 
pioneered the firstion exchangers based on 
Sephadex®. Since then, their celebrated quality 
has ensured their transformation into the 
standard tool forion exchange, attested by 
thousands, in laboratories worldwide. 

Demands for macroporous ion exchangers of 
greater chemical and physical stability led us to 
develop our versatile range of Sepharose® ion 
exchangers, followed shortly after, by DEAE- 
Sephacel®, a pre-swollen, macroporous, 
cellulose-based medium. 

The unsurpassed speed and precision of our 
recently introduced Sepharose® Fast Flow 
media, developed originally for industry, are 
equally valuable at the laboratory scale where 
speed is similarly essential. 


Circle No.21 on Reader Service Card 


We realize that the choice depends upon your — 


specific application and is governed, largely, by 


Complexity of separation 

Sample molecular weight 

Working pH 

Column or batch procedure 

Laboratory or industrial scale 

Economy 

Let Pharmacia help you match the bestion 


exchanger to your applications. 


Contact us today! 


Pharmacia 





Pharmacia inc 
Laboratory Separation Division 
pi N.J. 08854. 


(N.J.) 201-457-8150 (Toll free) 800-526-3593. 
Information: 201-457-8000 
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Call 
800-DNA-PURE 


for Details 
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The Right Stuff 


ABN introduces a full line of economical electrophoresis 
systems complete with custom features you can't find 
anywhere else and your choice of the widest range of 
accessory items available— all designed, engineered, and 
constructed to provide consistently solid performance 


L IIO ; dquernc S...ac iSta us: 

/ Systems available in 20 and 33 cm widths «v Fully 
adjustable upper buffer reservoirs (200 mm to 1 meter) 

Y Sturdy triple nylon column construction / Unique 
leak-proof silicone buffer tank gaskets v Guaranteed “no 
leak” gel casting system JW Buffer recirculation capability 

Y Leveling bases with bubble levels s Optional cooling 
plates v Wide range of accessory items including sawtooth 
combs 


LO GL , Ieee f - => | ` 
Two versatile Submarine/ Horizontal Systems feature v Gel 
bed cooling chambers # Removable baffles for submarine 
and agarose bridge techniques / Buffer recirculation 
capability / Reinforced U-V transparent gel trays 





/ Leveling bases v Wide selection of preparative and 
analytical combs. Economical Horizontal Mini-Gel System 
for small format gel electrophoresis features s U-V 
transparent acrylic construction w Gel formation in unit or 
on glass plates &/ Wide selection of combs 


"A rp iaee iena single slab gel system m (125-250 mm) and three 
dual slab gel systems (125, 200,250 mm) v Unique 
leak-proof silicone buffer tank gaskets WY Guaranteed “no 
leak" gel casting system Ww Leveling bases with bubble 
levels v Wide selection of combs, spacers, and glass plates 
for 1- or 2-D electrophoresis v Dual slab gel systems feature 
a cooling chamber for constant temperature 


Y Triple cassette system to accommodate up to three gels 
simultaneously VW Electrode panels contain over 90” of 
platinum wire for even current distribution / Panels can be 
positioned 1.5 or 3.25 cm from gel y Easy disassembly for 
cleaning v Optional cooling tube 





American 
BioNuclear The first name in DN 


For complete product specifications and pricing information, call 1-800-DNA-PURE 
(in California call 415/652-4466) or write ABN, 4560 Horton Street, SON; CA 94608 


4} 


nthesis, the new name in “n ) pre blem” « lect r »phoresis 
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New bioseparati 


FPLC an 


ULTROCHROM GTi 


A fully integrated purification system, giving you multimode 
separation of macromolecules, authentic high performance 
and complete biocompatibility. 






The most versatile chromatography 
in the world 


The ULTROCHROM GTi system represents a break- 
through in liquid chromatography. It combines the 
best of FPLC and HPLC, yet retains the simplicity 
and flexibility of soft gel methods. 

The full range of separation modes lets you use it 
regularly for GFC, IEC and Hydrophobic Interaction 
Chromatography (HIC), and even for mainstream 
reversed phase chromatography, including microbore 
and fast LC. 


Proteins, peptides, nucleic acids 
and carbohydrates 


You'll get faster separation, higher resolution and increased 
biological activity (we'll show you figures ranging from 91% to 99%). 
GTi gives you completely inert fluidics. A true HPLC pump 
eliminates stainless steel at every liquid interface. From pump heads 
to fraction collector, glass, titanium and inert polymers provide a 
unique flow line that guarantees the complete integrity of your sample. 
You'll separate, purify, quantitate and recover biologically active 
proteins, peptides, nucleic acids and carbohydrates. 
And you'll automatically get results at a speed that only an advanced 
HPLC system can deliver, but with all the simplicity to let anyone use it. 


Circle No.45 on Reader Service Card. 


1 system for both 
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Completely integrated purification 
For the first time you'll be able to integrate complete puri- 
fication schemes on just one system. With GTi’s multi- 
mode capability you can now exploit the best chromato- 
graphy for any particular problem. You'll get rapid 
analysis of sample complexity, progressive multi-step 
purification and successful isolation of other signi- 
ficant components. 


Unlimited potential 


Giving you more runs per day, the 
GTi bioseparation system provides 
you with a future of unlimited 
potential. It’s the complete answer. 
Easy to use, highly productive and 
totally reliable, you'll get more chro- 
matography and better results. 
And that means increased research— ahead of time. 













Learn more 


Containing over 40 different applications, our new brochure is an 
absolute must for every life scientist, so get your personal copy today. 
Or why not let us show you how GTican solve your purification prob- 
lems faster and better than any other separation system available. 
Get in touch. Do it now! 


BROMMA 


Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden 
Tel 08-98 00 40, telex 10492 
Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, 
Maryland 20877. Tel 301-963-3200, telex 909870 (dom.), 64634 (intern.) 
UK sales offices: LKB Instruments Ltd., 232 Addington Road, S. Croydon, 
Surrey CR28YD, England. Tel 01-657 8822, telex 264414 


Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, 
Lucerne, Madras, Moscow, Munich, Paris, Rome, Tokyo, Turku, Vienna, Zoetermeer 
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Work With 
Many Cell Types. 
So Does 
Opti-MEM’ 


Introducing the First 
Multi-use e Reeds 
Serum Medium. 


Only Opti-MEM™ I supports optimal growth with reduced 
fetal bovine serum for a wide variety of mammalian cells. Most 
cells routinely cultured in serum-supplemented medium may be 
directly transferred into Opti- MEM™ I with a minimum of 50% 
reduction in serum. In addition to its versatility, many other 
unique features make Opti- MEM™ I the optimal choice for most 
cell culture needs. 

High performance. Opti- MEM™ | actually outperforms 
ordinary serum-supplemented media in many applications. 

Stringent testing. Opti- MEM" I is performance-tested for 
cloning efficiency and growth promotion using various 
mammalian cell types, including murine myelomas, hybridomas 


















Opti-MEM™ I 






Ac mi 2 7 
and adherent cultures. In addition, Opti-MEM™ I is tested for Cat Ne aa ee 
pH, osmolality, endotoxin level and bacterial/fungal sterility. ke #3201985 Store at 2-8°C 

Stability. Opti- MEM™ I has a shelf life of six months from aabo ie riim. 
VITRO DIAGNOSTIC USF 


date of manufacture. 
Ease of preparation. Opti-MEM™ I is ready for use in 


only three steps: add 2-mercaptoethanol (included); mix wth 
thoroughly; and add fetal bovine serum. las 

Economy. Opti- MEM™ I not only decreases the amount of d fiprob 
costly serum needed, it also is less expensive than most other fi 
reduced serum media. primary kr em 

For more information about Opti-MEM™ I, including perfor - i and noms ell 
mance data for a variety of cells, ask for our free technical wa Kidvey c onic 
brochure. monke y povi n b rý 
GIBCO Opti-MEM™ I, the reduced serum — . human and cells . 
medium that works the way you do. Kidney g fusion cloning 

Y 


Opti-MEM™ | was developed by Hybridoma Sciences, Inc.. Aaina Gronni 
For in vitro diagnostic use, 


Laboratories 
~ Life Technologies, Inc. 
3175 Stanley Road 
LABORATORIES Sted band N ASNE 
Toll-free (800) 828-6686 


In Nate 800) 4822585 Ma 
Circle No.30 on Reader Service Card. ; 














NATURE VOL. 313 31 JANUARY 1985 


oe OVER e a 








—NEWS AND VIEWS— 


Big machines make big science 

John Maddox 347 
Organic monolayer imaged 

R H Tredgold 348 
Serotonin-containing cell 

charged with growth cone arrests 

I A Meinertzhagen 348 
Global sea level trends 

J E Hansen 349 
Molecular tinkerings that 

tailor the acetylcholine receptor 

Charles F Stevens 350 
Lymphokines and interleukins 

emerge from the primeval soup 

Marc Feldmann 351 
Immune diseases: many roles 

for interleukin-1 

Gordon Duff 352 
Eukaryotic proteins retargetted 

among cell compartments 

John Ellis 353 
Atmospheric chemistry: US plans 

for increased research 

S A Penkett 354 


BOOK REVIEWS—— 


Tödliche Wissenschaft: Die 


























Targeting of a foreign protein to 
chloroplasts by fusion to the transit 
peptide from the small subunit of- ` 
ribulose 1,5-biphosphate carboxylase ~ 
G Van den Broeck, M P Timko, 

A P Kausch, A R Cashmore, 

M Van Montagu 

& L Herrera-Estrella 


























Location of functional regions of 
acetylcholine receptor a-subunit 
by site-directed mutagenesis 

M Mashina, T Tobimatsu, 

K Imoto, K Tanaka, Y Fujita, 

K Fukuda, M Kurasaki, 

H Takahashi, Y Morimoto, 

T Hirose, S Inayama, 

T Takahashi, M Kuno & S Numa 364 



























Unique allelic restriction fragments of 
the human Ha-ras locus in leukocyte 
and tumour DNAs of cancer patients 

T G Krontiris, N A DiMartino, ; 
M Colb & D R Parkinson 369 



























A histocompatibility interaction between two colonies 
of the athecate colonial hydroid, Hydractinia echinata. 
This phenomenon, the first report of self-tolerance in 
an invertebrate, is described on page 400. Photo: R.K. 
Grosberg. 


OPINION === 













A second measurement of a 
pulsar braking index 





















Unreal market for petroleum 335 | Aussonderung von Juden, ' : 
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Congress and science 1933-1945 E 
by B Müller-Hill The peculiar X-ray and radio 
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NIH researc 337 | Natural Science ae hte 
TENA by M A di Gregorio J A Nousek, L O Takalo, 

= pilosa orig 338 | A J Cain 409 | G D Bothun & R H Becker 316 
Hannover Fair Group Theory in Physics 
Pacific oceanography 339 | by J F Cornwell J P Elliott Ultraviolet radiation from stellar flares 
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Stuart Sutherland 410 
Methods of Protein and 

Nucleic Acid Research 

by L A Osterman 

Akiyoshi Wada 

Darwinian Evolution 


New US-Soviet links 

British research councils 

UK expenditure 341 
British education 

Seminar scrapped 









Solar burst with millimetre-wave 
emission at high frequency only 
P Kaufmann, E Correia, 
JER Costa, AM Z Vaz 























pei aieba as, 342 by A Flew Peter J Bowler 411 | & B R Dennis 
Insect Ecology, 2nd Edn . A ` : 
by P W Price Single organic monolayer imaging 
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NERC’S reorganization/Space 
station/Nuclear winter/Jerne’s 
influence/Values/Drugs abused 343 


COMMENTARY 


Radiation casualties in a 

nuclear war 

P Lindop, J Rotblat 

& P Webber 345 


by electron microscopy 


Michael F Claridge J R Fryer, R A Hann 


Robert Musil and the Culture 
of Vienna by H Hickman 
John C Marshall 
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—REVIEW ARTICLE—— 


A comparison of terrestrial and 
marine ecological systems 
J H Steele 


The molecular properties governing 
solubilities of organic 
nonelectrolytes in water 

R W Taft, M H Abraham, 
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Ball 
Plasmids/Cosmids AMIN 770 
| Phages 
A L47 DNA 

à Charon 4A DNA 

\ gt WES.AB'DNA 

à in vitro packaging kits 

A Charon 4A DNA, Eco RI arms 

A gt WES.AB’DNA, Eco RI arms 

a M13 mp8 and mp9 vector kit 
Homer M13 mp10 and mp11 vector kit 
Col E1 DNA M13 tg130 and tg131 vector kit 
pAT153, Pst l-cut, oligo dG-tailed M13 mp8, Sma l-cut, dephosphorylated 
pBR322, Pst l-cut, oligo dG-tailed M13 mp10, Sma I-cut, dephosphorylated 
pAT153, Bam Hl-cut, dephosphorylated M13 cloning kit with mp8 and mp9 vectors 
_ pBR322, Bam Hl-cut, dephosphorylated M13 cloning kit with mp10 and mptt vectors 















Also available: ® Restriction endonucleases @ Modifying enzymes 
@ Oligodeoxynucleotides @ M13 sequencing kit 


. For further details please contact our Research Products technical service group or your local representative. 
-Amersham Corporation 

(9636 South Clearbrook Drive, Arlington Heights, IL 60005 Amersham 
(312) 364-7100 or (800) 323-9750 (Toll Free) 


: : In Canada 505 Iroquois Shore Road, Oakville ONT L6H 2R3 (416) 842-2720/(800) 268-5061 
e < Circle No.55 on Reader Service Card. 


a 
= 





. ee ee va YS 
k h 2|: + 


BOS eae vf 
ce Y 


| TTT eT rT] 8 


) 0] 
d r a) a) ee) a) ee) 
J 


“Aueajo Buimoyoy ey) Juud ISB 


OOOI GYWO SOIANSS 430QY34 


3 


ƏSIAAPE jNOge VONLULOJUL JƏYYNJ 104 
p $I WOJ} “SOW uea Buimojjoj Əy) Iud aseejg 


COUOUTT AAY 39iAY3S H3AV3H 





“OLS E 2MJON Jo 4e9K jiny e Uem | ‘SAA [C] 
"%05 Jo sJutaes y ‘sons 


arep anssi WOI} “SOW 9 20) PILA IHO quv) JDIAHSS H3q0Vsu ; 


LLZ2 XO ‘O'd L447 XOG ‘O'd 

yuəwpedəq 391S sepeey yuowpedeg 29S 1ƏpLəy 

MCU INCU 
i 
abersod i 
IRW WOUWM IEW ' 
ION IM INIAC ION IIM i 
150d ƏUL 8040 1S0d IUL y 
AS Id aya} GWEIS Nd / 
i 
4 
j 
: 

SELZS BMOj ‘uouo €SLL0 Áəs1əf Man ‘aumday 
LZZz xog ‘O'd TOST ¥09 'O i 
yuəwyedəg 2913S 19PpLEƏH "dəq 1əp10 uonduəsqng l 






















Fascinating 
reading and an 
unusual gift 

















Ahigh-quality, 40-page 
facsimile of the first issue of 
Nature is available, including 
articles on: 

%* The recent total 
eclipse of the sun by Sir 
Norman Lockyer 

% Science Teaching in 
Schools by W. Tuckwell 

* Triassic Dinosauria by 
T. H. Huxley 

Prices and address for orders 
are set out below. 





Annual Subscription Prices 


UK & Irish Republic £9: 
USA & Canada US$230 
Australia & NZ. Airspeed £150 
Continental Europe Airspeed £120 
India Airspeed £it5 
Japan Airspeed Y85000 
Rest of World* Surface £120 
Rest of World* Airmail £180 
*not USA, Canada, Europe & Japan) 

Orders (with remittance) to: 

USA & Canada UK & Rest of World 
Nature Nature — 

Subscription Dept Circulation Dept 

PO Box 1501 Brunel Road 

Neptune Basingstoke 

txJ 07753 Hants RG21 2XS, UK 
USA Tel: 0256 29242 


(The addresses. of Nature’s editorial offices are 
shown. facing the first editorial page) 


Japanese subscription enquiries to: 

gapan Publications Trading Company Ltd 
Sarugaku-cho. l-chome 

Chiyoda-ku, Tokyo, Japan 

Tel: (03).292 3755 

Personal subscription rates 

These are available in some countries to 

subscribers paying by personal cheque or credit 

card, Details from: 





USA & Canada UK & Europe 

Nature Felicity Parker, Nature 
15 East 26 Street Brunei Road 

New York, Basingstoke 

NY 10010, USA Hants RG21 2XS, UK 
Tel: (212) 689-5900 Tel: 0256 29242 

Back issues 


UK, £2.50; USA & Canada, US$6.00 (surface), 
US$9.00 (air); Rest of World, £3.00 (surface), 
£4.00 (air) 


Binders 

Single Binders: UK, £5.23; USA & Canada 
$11.50; Rest of World, £7.75 

Set of 3 Binders; UK, £14.00; USA & Canada 
$31.00; Rest of World, £21.00 

Annual indexes (1971~1983) 

UK, £5.00 each; Rest of World, $10.00 
Nature First Issue Facsimile 

UK, 75p; Rest of World (surface), $1.50; 
(air} $2.00 

Nature in microform 

For Information: 

University Microfilms International, 300 North 
Zeeb Road, Ann Arbor, MI 48106, USA 
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author's name and the figure number, Original artwork sho 
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Original artwork (and one copy of the manuscript) will be 
returned when manuscripts cannot be published. 


Requests for permission to reproduce material from Natu 
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New NYTRAN” Transfer 
Media From S&S 


No wonder new NYTRAN is in the spotlight. 
It outperforms every other nylon transfer membrane 
available today. NYTRAN is nylon-66 modified with 
a positive charge, giving you these unique advantages: 
e Very high binding capacity 
to immobilize entire samples, even nucleic acids of low 
molecular weight. 
e Excellent handling 
to eliminate tears, cracks and curls—wet or dry—and its 
autoclavable. 
e Strong retention 
t hold DNA/RNA/protein for frequent re-probing. 


NYTRAN is available in 0.1, 0.2, 0.45 and 0.65 um 

ome sizes, in both standard and custom dimensions. It is 
naturally hydrophilic, and lot-to-lot consistency is excellent. 
Naw there's new NYTRAN to complement SaS NC™ 
nitracellulose. That makes Schleicher & Schuell the only 
C™mpany to give you the two leading transfer membranes. 


Innovators in opaan Science 
Keene, NH 0343 
(800) 245- 4024, or (603) 352-3810 
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AuroDye 


AuroDye is a new PERFORMANCE AuroDye consists of 
and powerful stain for negatively charged colloidal 


proteins on nitrocellulose membranes gold particles in an environment which 
It is at least twenty times as sensitive as optimizes their protein-binding capacity 
Coomassie Blue or Amido Black 


AuroDye gives you the sensitivity which 
AuroDye is economical and matches that of our new ImmunoGold Silver 
simple to use Staining immunodetection technique 


Please contact us for more information 
on this revolutionary product and its world-wide distribution network 





NEW ANTIBODIES FROM TRITON BIOSCIENCES 


Affinity-Purified Antibodies to 





Oncogene Proteins and Transforming Gro h Factors. 


To facilitate studies in the field of 
oncogene research and transforming 
growth factors, Triton Biosciences Inc 
is now Offering: 


O Rast p21 Anrisopy 
O Raski/Ha p21 Antsov 
O Fes p85 Anrisoov 

O QLTGF Anrisooy 
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Each antibody is generated against 
a synthetic peptide corresponding to 
an amino acid sequence in the native 
protein. These antibodies are purified 
by affinity chromatography, thus 
reducing nonspecific reactions for 
clearer, faster results. Western blot and 
immunoprecipitation analyses are used 
to verify their reactivity and specificity. 

Applications include: providing 
semi-quantitative data on oncogene 
and Œ TGF expression; localizing 
oncogene proteins and Q! TGF in cells 
using immunofluorescence; purify- 
ing antigens by antibody affinity 


chromatography; and characterizing 
structure/function relationships. 

Triton Biosciences Inc., a wholly- 
owned subsidiary of Shell Oil Company, 
is dedicated to developing products 
for the human health care field, with 
special emphasis on cancer. 

Our product development program 
is aggressively committed to providing 
a continuing source of biological 
reagents of the highest quality. 

For additional information, contact 
Triton Biosciences Inc., 6900 Fannin, 
Dept. 270, Houston, Texas 77030. 

Tel. (713) 796-1227. 
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Every lot of our 
Reverse Transcrip - 
tase is subjected 
to stringent quality 
control as well as 
relevant functional 
testing procedures. 
As a result, you 
won't have to worry 
about problems with 
nucleases or batch-to- 
batch variations common to reverse 
transcriptase from other sources. 
You don't have to take our word 
for it. We also provide ovalbumin 
mRNA, RNA size markers and proto- 
cols free with every vial of Bio-Rad 
Reverse Transcriptase...so you can 
reproduce our quality assurance 
functional test as a positive control. 
Of course you'll also receive relevant 
technical data and quality assurance 
test results for that lot. As always, 
our Applications Staff stands ready 
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to answer any questions you may 
have or to provide additional data. 

Reverse Transcriptase marks the 
beginning of a major commitment 
by Bio-Rad to provide superior tools 
for the molecular biologist. Expect 
the same high quality that is char- 
acteristic of Bio-Rad acrylamide and 
other materials, systems and appa- 
ratus for electrophoresis. 

For more data illustrating the 
superior quality of Bio-Rad Reverse 
Transcriptase, ask for Bulletin 1174. 

























Bio-Rad Laboratories 

2200 Wright Ave. 
Richmond, CA 94804 

(415) 234-4130 

Toll Free # (800) 4-BIORAD 


Also in Rockville Centre, N.Y, Australia, 
Austria, Canada, Germany, Italy, Japan, 
the Netherlands, and Switzerland. 
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Perhaps a Picasso is a slight exaggeration! 
But it’s no exaggeration to say that no other 
scanning densitometer can match the 

- versatility of CHROMOSCAN 3. 


All substrates up to 210mm square 
including gel strips, rods or slabs, TLC 
and HPTLC plates, acetate and paper can 
be scanned, using reflectance or 
transmittance in visible or ultra-violet, 
plus fluorescence and quench 
fluorescence modes. 


And, CHROMOSCAN 3 is easily 
programmed via its microprocessor so that, 
even with the most complex test, the operator 
need only insert fresh samples. 


Results are rapidly and clearly presented by 
the integral printer/plotter in an immediately 
usable form. 


A new computing, scanning densitometer, 
o versatile it will sample anything... 


well, 





CHROM OSCAN 2 


Y Foyor 
foet 




















almost anything! 


Peaks and troughs are automatically 
detected with per cent and total integral 
printed out as well as fraction concentrations 
and A/G ratio when appropriate. 


Ease-of-use, speed of operation, accuracy 
and above all versatility make 
CHROMOSCAN 3 the most advanced 
computing scanning densitometer available. 


Write now for further information or contact: 


Joyce-Loebl 


A Vickers company 


Mardsen, Team Valley, Gateshead, Tyne & Wear 
NE11 OQW. Tel: (0632) 822111. Telex: 53257 

U.S.A. Vickers Instruments inc: P.O. Box 99, Riverview Business Park No. 27, 300 
Commercial Street, Maiden, Massachusetts 02148 U.S.A. Telephone: (617) 
324-0350. Telex: 949413, 

W. Germany Joyce Loebi GmbH. Emanuel-Leutz-Strasse 1, 4000 Dusseldorf 11, 
W. Germany. Telephone: (211) 594091-94. Telex: 858 1998. 
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Autoradiogram comparison shows rapid 
rate of RNA transfer from original gel I to 
DBM paper I. Numbers above gel and 
paper indicate hours of transfer. 


Transfers 


E-C’'s new ElectroBlot® surpasses ordinary blot 
transfer by electrophoretically transferring DNA, 
RNA, and proteins onto DBM paper and proteins 
onto nitrocellulose sheets. 

Consider these advantages: 

e transfers all size molecules easily 
transfer completed rapidly 

transfer is direct, no loss of resolution 
transfer efficiency 80% or better 
transfer may be conducted 

under cold room conditions 


> Stellwag, E. J. and Dahlberg, A. E., Nucleic Acros Res. 8: 299. 1980 
* Towbin et al., Proc. Nat. Acad. Sci. (US) 76; 4350, 1979 


Circle No.13 on Reader Service Card. 





Protein separated on an SDS gel (Ill) stained with a Coomassie Brill 
Blue R250 and a nitrocellulose ElectroBlot (IY) of a similarly separated gel 
stained with Amido Black 10B : 
(different stain sensitivities account for slight differences between two gels) 


ElectroBlot 
DNA, RNA, Proteins 
Faster and Better 





LARD P 


With ElectroBlot® , there is no messy handling, 
no diffusion, no damage losses. System utilizes 
unique high current, variable low voltage power 
supply. Doubles as a destainer. 


For more information call Technical Service toll- 
free at 1-800-624-2232 (in Florida, 1-800-282-7932). 


E-C Apparatus Corporation 


3831 Tyrone Bivd. N. 
St. Petersburg, Florida 33709 
813-344-1644 Telex 51-4736 HALA. 











Or.0 





Taren o 

Work - ; 
NOTE: gxtra pooking forms © 

Bae a address above oF by telephoning 
g1-836 6633. 


rome ee 


Compiègne: 
G. Winter MRC Labora 
Gambridge. 
AKW MRC Laboratory of Molecular Biology: 
Gambridge- 
pay = wednesday: s 6th 
Biosensors icro-organ continue 
rM Flan gan. University ege. professor D- Hop god, Jone \nnes jnstitute. 
Professor \. igains!D Cranfield! Norwich 
Leicester or. 8. carter Searle Ri High \nycombe 
Mic eganisms ROUN gcusSsSION 
or.S ge Celltech Led. Sous 
qhursday , sun a7th 
ian Plants 
profes: p. Tiolas, insti „par professor M gowler. Wol institute. sheffield 
Or. A. Levinson, entec S prancisco. professor J. Schel, Max Planck institu. ain. 
UN TABLE piscuss CANAL TALK 
p STER S sONS willbe Ne! ach day hose wishing tO present a cof their ownw 
should con! pr. peter New x, Deputy Editor. Nature: aite Ess! grreet. London 
weer 3LF., 
PA SU TE REGIS ER NOW! 
0 REGISTER, cement! orm below wish your cheave E 1NG s Londons NO gı. situated 
or author ged purchase order trom your organisation TODAY! venient) within easy of the City’s ost famou S 
Applications are accepted only on completion of 3 poong gigntS and als nd jich StS oft ads 
form you to complete one form per person pest shopping genrerte “nis alse close tO che man 
\Ne cannot guarantee to accept appications received after road nto Lond Heatrow Airport 
june 3rd. 1985 cc M tas gedinthe 
THE FEE ig ust £170 plus Vat for une guration of the ovoTtEL and else re fOr conference p ipants. A 
ce oF £74 pus VAT per day- Ths includes entrance to ooking wilt BE tO Y! ass ceive your 
all sessions. mid-morning coffee: afternoon tea and advance registrat! J 
reading rial. pppicationS without payment will be HE N! nad 
KN ged but wal not be confirmed until payment is Wadnesday, June 26" Tsis aways 3 popular event and oO N . f 
recened: 6 E gpacE'S LIMITED 8° make your te che ee 
organisation the organisation willbe invoiced and once perow today he cost ‘wine £*8 at G gi 
p eter sent Nat : Pe 7 
confirmation of ris orner place- in t ures f o 
NOTE: ancalaion® received pefore May a7. 4985 willbe refunded jess a pro sind charge: No refunds can ern ati urth : 
pe made after this date. confere ional aan 
BOOKING FO , tobe held at 
1 Novotel tthe 
TO REGISTER FOR THE CONFERENCE: please tick appropria! i Ju Londo 
please return this form with your payment culwish to firm rese for the full : ne 25th MN 
P DEBORAH TENES, contenant gion of ene conf £195.50 1 1985 -27th 
administrator Macmillan Conferences & 170+ l 5 
Exhibitions: airte Essex street. London coiwisht¢ pm reserÊvation tor — oY i 
wceR gF U.K at £85. £7 VAT) per gay- i 
ae \wish 08 wed © Thurs i 
gui Name ee ae giwishto din Gonfere Dinner at £18 i 
ae, per perso! i 
E chegu ol made payable to i 
Title Macmillan Journal enclosed i 
g Please charge MY I 
P Í 
—_— a i 
ees i 
i 
I 
I 
i 
i 
E 
a i 
` i 
: ee i 
i 
E 
i 
i 














Fascinating reading 
and an unusual gift 


A high-quality, 40- 

page facsimile of | el US 
the first issue of, Tine Noe 
Nature is now, 7“ ann n ae 
available at 

















} 
the Gone: Arnos oN Nate By 
Prof ifearey, RRS 


following prices: A pHk PERIN AION o Wann- | 


i Frowa  PEANES Bs ` Ww 
Po Besners, BLES 


UK 75 | PROLOPL war pith ASHPOD > 
p “Tut Reeri Pory Kerisi oy Asiatic V 


"By J Noaans Leciva ERS 


| MADSEN’ Dasena Avinai iino. Bs SiR i 


| Jo bt atte kenak n thy 

EN ~ Brins uii Bs bal 
US$1 .50 ! ana l! ug 44 ' 
(Surface) borg Bonk Mateee 


| Soeke Dey rine: 0S Sonoota, Bs thi 

Po Riv. W. PIOR ERt 

De pik Prophssat Gryn. Bs Prot 
Wind pobes, ERS 

PAM betines cab IH GERMAN NAVEURM ists 


Rest of 
World 


Rest of 
World 


Payment may be made in any currency at 
the prevailing exchange rate. Cheques 
should be made payable to Nature. Prices 
include postage and packing. 


To order please complete the coupon 
below, or write, enclosing the correct 
remittance. 








Order For 





To: Nature 
Macmillan Journals Ltd 
Brunel Road, Basingstoke 
Hants, RG21 2XS, England 


Please send me ........ facsimile{s) of the first 
issue of NATURE. 


LPAClOSEs cok oo ee es eb a ee eee EE 


Reg No: 785998 Engiand 
Reg. Office: 4 Little Essex St. London WC2R 3LF 











US$2.00 | wa Pisanane vb hoomata, Rs | 
(Am ORS SHR ERR o ane! 








PE EE E AE. 














“EDITORIAL OFFICES 
London Office 


4 Little Essex Street, WC2R 3LF 
Telephone: (01) 836 6633 Telex: 262024 


Washington Office 
1134 National Press Building, DC 20045 
Telephone: (202) 737-2355 


Tokyo Office 
Likew Building, 10-9, Hongo |-chome, Bunkyo-ku, 
Tokyo 113 
telephone: (03) 816 3756/7 Telex: 132121 MSKK 


Editor: John Maddox 

Deputy Editor: Peter Newmark 

Editorial Staff: Jennifer Altman, Philip Campbell, 
Paul Carton, Maxine Clarke, Isobel Collins, 
Peter Gambles, Tim Lincoln, Geoffrey North, 
Peta Pickering, Miranda Robertson, 

Robert Walgate, Charles Wenz, Nigel Williams 
Washington Editor: Stephen Budiansky 
Washington Correspondent: Tim Beardsley 
Tokyo Correspondent: Alun Anderson 

Art and Design: Julie Busby, Joel Chernin, Julia 
Ward, Marie Xeridat 

Administration: Mary Sheehan, Jacqueline Cole, 
Ruth Cutts, Joanna Czechowska, 

Ruth Goldenberg, Donna Wootton and 
Penelope Walker (Washington) 


Publisher: Elizabeth Hughes 
Marketing Director: Ray Barker 
Promotion Manager: Felicity Parker 


International Advertising Manager: 
Andy Sutherland 

European Display Advertising Manager: 
Hilary Turnbull 

Group Classified Advertising Manager: 
John Barnes — Telephone: (01) 240 1101 


Nature New York Office 
15 East 26 Street, New York, NY 10010 
Telephone: (212) 689-5900 Telex: 668497 
General Manager: Gary Rekstad 
American Advertising Manager: Henry Dale 
Classified Advertising Manager: Miss Gene Fein 
Circulation Director: Paul E. Siman 


Canadian Display and Classified: Peter Drake, 
17.Pine Crescent, Toronto, 
Ontario M4E 1L1—(416) 690-2423 


Display Advertising Representatives 
New York: Nature Office 
Chicago: Didier & Broderick, Inc.—(312) 498-4520 
San Francisco: Jobson/Jordan/Harrison/Schulz, 
Inc.-~(415) 392-6794 
Los Angeles & Pasadena: Jobson/Jordan/ 
Harrison/Schulz, Inc.-~(818) 796-9200 


Philadelphia: Daniel Adams Associates, 

Inc. —(215) 353-6191 

Boston: CEL Associates—(617) 848-9306 
Fort Lauderdale: Brinker & Brinker-—(305) 
771-0064 

New Jersey: Mary Grunmeijer—(201) 572 9018 
Spring, Texas: Jobson/Jordan/Harrison/Schulz, 
{nc.—(713) 376-2368 

France: Francoise Teisseyre 

Paris—(1) 622 51 54 

West Germany and Austria: Franz Schrecklinger 
TMW Top Media Werbegesellschaft GmbH 
Frank furt—(69) 726046 

Holland and Belgium: Adele Struyck 
Holland-—~(034).04 23265 

Scandinavia: Andrew Karnig 

Andrew Karnig & Associates AB 
Finnbodavagen, 1, 131 31 Nacka 
Sweden~Telephone: 08 44 00.05 Telex: 17951 
Japan: Mashy Yoshikawa 

Orient Echo Inc, Tokyo— 341-4923 

Australias Gus Bartel & Associates 

PO Box 1755, 

Southport, Queensland 4215—(075) 466 577 


Nature® ISSN 0028-0836 
Registered. as a newspaper at 
the British Post Office 

© 1988 Macmillan Journals Lid 


Vol. 313 No. 6001 31 January 1985 











NATURE VOL. 313 31 JANUARY 1985 





Unreal market for petroleum 


OPEC's meeting earlier this week will not have restored to the oil producers their lost dominance. Nothing 
can do that. But Britain and the United States should impart realism to their oil policies. 


THE meeting earlier this week at Geneva of the Organization of 
Petroleum Exporting Countries (OPEC) is an important land- 
mark in the industrial history of the recent past. As at other recent 
OPEC meetings, representatives of the thirteen member states 
will have been forced to admit that they are no longer in a position 
to achieve their common purpose, that of keeping the price of 
crude oil at something like what they were able to command in 
1979, when the price escalation enforced in 1973 was reinforced, 
carrying the price of crude oil to $32.50 a barrel (at 1979 prices). 
Since then, OPEC’s prices have been constantly under pressure, 
and have indeed now drifted downwards, against the direction 
of inflation, to a nominal price of about $28.00 a barrel, which 
is itself heavily discounted on the spot market for crude oil. This 
week’s meeting was called to grapple with a problem now 
thoroughly familiar to OPEC members, that of striking a balance 
between the legitimate long-term interests of all OPEC members 
to keep the price of oil as high as possible and the more immediate 
interest of some members (such as Iran and Nigeria) that short- 
term revenues from the sale of oil should be maximized, which 
can be done only by selling oil below the official OPEC price. 
The outcome is likely to have been an awkward compromise, a 
fudge. 
OPEC is not a cartel in the strict sense. The simplest proof 
is that the organization cannot enforce the compliance of its 
: members with its central pricing policy, nor with its agreements 
on production quotas for individual member states. The old- 
“fashioned industrial cartels of the 1930s were much more 
‘powerful, able to penalize those who broke the agreed rules. 
OPEC could never have acquired such internal discipline. Its 
members are, in effect, sovereign states which cannot indefinitely 
be bound by agreements they arrive at volunatarily. (Many of 
the troubles of the European Communities come about because 
only the provisions of the Treaty of Rome, and the regulations 
derived therefrom, can be legally enforced.) So the traditional 
cash-hungry members will go on shading whatever prices have 
been agreed this week. Even the stoics anong OPEC’s member- 
ship, such as Saudi Arabia, have now become sufficiently 
dependent on the income stream from oil that they will not easily 
be able to turn off the tap to benefit their hungrier fellow- 
members. 


Weakness 


OPEC’s more serious weakness is that its joint production no 
longer dominates the international market for crude oil. 
Production from Mexico and the United Kingdom has increased 
during OPEC’s ineffectual self-restraint while, over the past 
decade, domestic production in the United States has for practical 
purposes removed from the international markets what seemed 
in 1973 to be a new and clamant customer for crude oil. While 
the price amounted to only a dollar or so a barrel, there were 
clear advantages for the United States in buying from the Middle 
East, but at $30.00 a barrel, Texan oil, even that from marginal 
wells, is much cheaper. During the same decade, other customers 
for OPEC oil have become much less eager buyers. Throughout 
the industrialized world, in Western Europe and Japan, the con- 
sequence of higher oil prices has been the predictable 
encouragement of fuel efficiency, and the encouragement of the 
use of other fuels. Especially because the strength of the dollar 





(in which oil prices are denominated) has not yet allowed 
consumers outside the United States to sense that oil is becoming 
cheaper, the pressures in favour of conservation and substitu- 
tion will be reinforced. So OPEC is certain to remain a toothless 
tiger for at least the remainder of this decade or at least until 
it reasserts its market power by undercutting independent 
suppliers of the international market, Britain and Mexico :in 
particular. 

What lessons can be learned from this sequence ‘of 
developments? A long time ago, in the late 1950s, the price of 
crude oil from the Middle East was about $1.50 a barrel, t 
revenues of the oil-producing governments were between $0.10 
and $0.50 a barrel and the cost of crude petroleum was so low 
that, in both Japan and Western Europe, oil became the cheapest 
way of generating electricity. Towards the end of 1958, a 
committee appointed by OECC (now the Organization for 
Economic Cooperation and Development) under the late Sir 
Harold Hartley uttered the firm opinion that petroleum was so 
cheap, and the supply so apparently unclouded by uncertainty, 
that plans for the rapid development of nuclear power were 
unnecessary. Although OPEC came into being the following year, 
a further decade went by before it began to flex its muscles (with 
the nationalization of Libyan oil wells in 1969). Throughout this 
period, the oil consumers of the West were fecklessly indifferent 
to the notion that the oil producers were well placed to capture 
for their product a price not very different from that being paid 
for other fuels. The sequence of price increases decreed by: OPEC 
in 1973 was an illustration of how chickens will come home to 
roost. Finding no resistance in the market to one price increase, 
OPEC simply went ahead and made another. Its error, then, we 
not so much that it sought in 1973 (and, later, in 1979):to mak 
as much profit as possible for the oil it was able to supply, bu 
to fail to recognize from the outset that the arbitrarily. chose 
price of oil must itself be as unstable as the artificially low pric 
of the 1950s. The only price that matters is that at which willing 
buyers will buy from willing sellers. To judge from the noises 
at the opening of this week’s meeting, OPEC has still not learned 
that lesson. 


Substitution 


With two exceptions, industrialized countries seem to have learned 
where their interests.lie. In Japan and mainland Western Europe, 
the blend of conservation and substitution has made most 
countries less dependent on oil and less vulnerable to sudden’ 
changes of price. One striking feature of the past decade has been 
the growth of an international market in coal, while the supply. 
of natural gas from the Soviet Union has also helped to take the 
edge off anxiety about the future. The exceptions are countries. 
now stranded at the opposite ends of the economic spectrum, 
the United States and the United Kingdom. By the. legal 
discouragement of both imports and exports of crude oil, the 
United States has managed to insulate itself from the international’ 
market, allowing domestic users to buy oil at prices less than those. 
obtaining elsewhere in the industrialized world, which aré 
effectively determined by the cost of winning oil in the Unite 
States (which is less than that in the North Sea although greater. 
than that in the Middle East). In fact, it would make sense that 


the United States should allow itself to export crude oil in 



















































“be to reinforce the already impressive tendency towards fuel 
efficiency the past decade has seen, to reinforce the sense of 
realism that must dawn on OPEC and at the same time to take 
least the edge off the horrendous deficit on the trade balance 
of the United States. 

The British case is different. North Sea oil was merely a mirage 
when OPEC’s existence began, but Britain has now become more 
-than self-sufficient. But the circumstances of the United States 
do not apply. The cost of winning oil from the North Sea is much 
higher than in Texas or the Middle East, and although there is 
no reason why oil companies which have already invested in holes 
in this inhospitable ground should not sell the oil that comes up 
r what it-will make, falling prices are bound to undercut the 
incentive for drilling further holes. That is the most durable reason 
why the past few months of falling oil prices have made the 
financial markets jittery about the health of the British economy 
but there is also a more immediate worry, the knowledge that 
the British government’s revenues depend significantly, if only 
at the margin, on the tax levied on oil production in the North 
Sea. In the short run, as sterling falls against the dollar, the taxes 
(calculated in sterling) will not be vulnerable but, further ahead, 
the prospect that Britain, an oil producer for the past fifteen years, 
ill soon cease to be a potential member of OPEC is bound to 
care the international community. One measure of that anxiety 
is the further increase of 2 per cent in bank lending rates earlier 
this week — the second such step in ten days. Another is the 
general sense of unease that five years of a generally rigorous 
economic strategy have yielded nothing. There must be many in 
Britain now who wish that the North Sea had proved empty of 
oil, and that traditional British manufacturing industry had not 
been decimated by the uncompetitiveness engendered by the brief 
spell when British oil flowed freely. o 


Spreading thin 
The British research enterprise wants to spread 
£4 million fairly, which is impossible. 


THe Royal Society, probably the most reputable means of 
pulling chestnuts out of fires, has now lent three of its officers 
(including its president, Sir Andrew Huxley) to what may yet 
prove a risky cause, that of helping the British University Grants 
Committee spend a windfall £4 million on university equipment. 
The windfall came about at the end of last year, when Sir Keith 
Joseph, Secretary of State for Education and Science, promised 
an extra £10 million for the provision of equipment at universities 
only to find that, before he could deliver, more than half the 
money had been snatched away again by the government to which 
che belongs, on the grounds that the source of the promised funds 
he pockets of middle-class parents) was politically a poisoned 
chalice. So the grants committee is faced with the prospect of 
distributing a sum of money so small that a single good use could 
absorb the lot among as many recipients as possible, so as to 
encourage the notion that fair play is not yet dead. To assist the 
president of the Royal Society and the physical and biological 
secretaries thereof, not to mention the chairman of the grants 
‘committee and the executive head of the Medical Research 
Council, there will be seven other distinguished academics. Their 
task is to pick a dozen research groups in the United Kingdom 
to which the committee may make a substantial present of 
equipment. 

The obvious danger in the arrangements now in place for 
istributing what is, after all, a very modest sum of money, is 
that even this distinguished committee will overlook some worthy 
use, a group of talented researchers somewhere whose claims 
on shrinking public funds are by accident neglected. The contrary 
isk, that the committee will somehow seize on projects to support 
whose virtues are more apparent than real, is not serious but 
annot be neglected. That is one potential source of risk. It is, 
“however, much more a source of hazard to the public reputation 
-Of science and those who manage it in Britain that such a large 





whatever quantities.it could sell at the going price; the result would 


group of such distinguished people should be engaged in a once 

and-for-all atttempt to apportion £4 million among what must 
be 1,000 legitimate claimants. Especially because the grants 
committee has set up three separate committees to decide how, 
and by what criteria, particular university departments should 
be encouraged over the long run, there is every reason why the 
members of the extra committee now appointed should have 
declined to serve, giving the excuse that they had more important 
things to do. 

Unfortunately, this is not how the administration of British 
science works. When funds are as scarce as they have become, 
so much so that groups of talented people are at their wits’ end 
to know how they will prosecute their ideas, there is no way in 
which an extra £4 million can put things right. Yet everybody 
behaves as if fairness must be demonstrated. So, small though 
the occasion may be, the committee must be all the more 
distinguished. Drawing lots would serve as well. o 


Congress and science 


Congressmen should know some science. US 


universities are cashing in. 


UNIVERSITY public relations, also known as the art of reflecting 
glory, took a major step forward several years ago when Harvard 
University’s Kennedy School of Government hit upon the scheme 
of staging a special seminar on public policy and legislative 
procedure for newly-elected congressmen. Other universities have 
since seized upon the concept, recognizing their unique ability 
to provide such a public service as well as their unique ability, 
unshared by the National Association of Dredging Contractors, 
to lobby under the guise of educating. 

The latest entry is George Washington University, which last 
week put on its first Seminar on Science in Government for new 
members of Congress, a two-day cramming session organized by 
Mike McCormack, himself a former congressman and now a 
Washington consultant on science policy. Leading lights of science 
policy and science-in-society, among them Joshua Lederberg, 
Lewis Thomas and Leon Lederman, were poised at hourly 
intervals to brief the dozen or so congressmen who showed up. 

First, however, the president of George Washington University 
reminded the congressmen that if they ever needed technical 
information, they need only pick up the phone and call George 
Washington University. The National Academy of Sciences (NAS) 
representatives (NAS supplied the meeting rooms for the seminar 
and the accompanying social events) reminded the congressmen 
that the briefing documents on interesting areas of science 
prepared by the academy for science adviser George Keyworth 
were available to them. The representative of the American 
Society of Mechanical Engineers reminded the congressmen of 
his group’s sponsorship (and origination) of the Congressional 
Fellows Program, which provides expert mid-career scientists and 
engineers free of charge as congressional staffers for one year. 
Mike McCormack reminded the congressmen of the sponsors that 
made the seminar possible, among them Bechtel, Atlantic 
Richfield, Dow Chemical, Monsanto, Stone & Webster and the 
US Committee for Energy Awareness. 

The congressmen learned the first day that ‘‘science does not 
involve partisan politics’; that ‘‘science is not a panacea’’; that 
two-thirds of the world’s population lives in poverty; that the 
build-up of carbon dioxide in the atmosphere and nuclear war 
threaten mankind’s survival; that ‘‘there has never been a 
scientific problem more urgently in need of settling” than that 
of nuclear winter; that ‘‘scientists come in two classes, good ones 
and not so good ones’’; that people with PhDs can be ‘“‘dumb’’; 
that ‘‘predictions can often be wrong, particularly if they’re about 
the future’’; that one senator in 1901 complained that he was tired 
of “all this science” on which millions had already been spent 
and it was ‘‘about time it was stopped”’; that the first law of 
thermodynamics can be derived from symmetry considerations; 
and that instead of multiplying two factors you can add their 
logarithms. By then there were only four congressmen left. 4 
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Administration makes rings 
around congressional edict 


Washington 

THE. Reagan administration’s Office of 
Management and Budget (OMB) has 
hatched what is being termed a ‘‘creative’’ 
scheme for undoing Congress’s decision to 
increase the number of new research grants 
awarded by the National Institutes of 
Health (NIH). 

Last year, Congress repeated its usual 
pattern of going one better than the 
administration in generosity toward NIH. 
It added some $580 million to the Reagan 
request for $4,400 million, already an all- 
time high. Along with the congressional pet 
projects ($5 million for five new 
Alzheimer’s disease centres, $10 million for 
small universities and the historically black 
colleges, $34 million for new clinical trials) 
there was an extra $280 million for research 
project grants. The appropriations 
committees in both houses of Congress 
agreed that this money was for two 
purposes: increasing the size of each grant 
to the “‘historical level’’, and increasing the 
number of new and competing research 
grants each year to 6,500. 

The present 5,000-grant level, long an 
informal target for NIH, has more recently 
been effectively a ceiling. Congress was per- 
suaded to increase the number of grants by 
testimony showing that many projects 
approved by study sections were neverthe- 





less not supported. The new money became 
available to NIH at the start of the present 
fiscal year, 1 October 1984. 

The administration, however, wanted to 
keep the number of grants at 5,000 and 
OMB is apparently not taking no for an 
answer. In its hunt for cost-cutting 
measures to reduce the $200,000 million 
annual federal deficit, OMB has singled out 
the projected growth of NIH grants. Be- 
< Cause grants are awarded for three years, 
==. Congress’s decision to raise the number of 





new grants to 6,500 per year would auto- 
matically require further budget jumps of 
some $300 million for each of the next two 
years as well. The challenge for OMB was 
thus to devise some way of disposing of the 
money Congress had already appropriated 
for the current fiscal year that would not 
set a precedent for future increases. 

The solution, undisguisedly contrived, 
may be difficult for Congress to challenge; 
OMB has ordered NIH to award only 5,000 
new grants this year and has arranged that 
the extra cash will be set aside at once to 
cover the full three years of as many of 
those 5,000 grants as it takes to use up all 
the money (about 700 grants). Thus 4,300 
grants have been appropriated funds for 
one year, according to OMB’s reckoning, 
and 700 for all three years at once. 

Congress usually appropriates only one 
year at a time; congressional staff members 
have already questioned the legality of 
OMB’s action. But OMB may get its way. 
Congress’s directive to increase the number 


of grants is not written into law, bul 
appears only in the committee report. Such 
report language is considered indicative 
congressional intent; legally, however; i 
only part of the “‘legislative history” —t 
body of clarification that courts may look 
to in determining the intent of Congress 
Congress has indeed taken such matters to 
the courts on occasion, but in this case, by 
the time the case could be heard, the fiscal 
year would probably be long gone. 

OMB officials have revealed that the 
fiscal year 1986 budget request, to be 
released by the President this month, wil 
also call for holding the line at 5,000 new 
grants. If Congress wants to be sure to have 
its generous way this time, it will probably 
have to write its intentions into law. But 
that is easier said than done: a multi-year 
effort to write new authorizing legislation 
for NIH ended in a presidential veto last 
fall because of administration and NIH 
opposition to its provisions, spelling out 
detail the research missions of the vario 
institutes and creating two new institut 
that NIH did not want — one for arthri 
and one for nursing. And putting the 6,500- 
grant requirement into law would mean re- 
opening all those issues, as well as some. 
perennial Senate favourites, such as limi- 
tations on NIH-sponsored fetal research. 
Stephen Budiansky 





Space telescope 


Users agree on inside track 


Washington 

ASTRONOMERS with guaranteed observing 
time on the Hubble Space Telescope, as the 
Large Space Telescope is now called, met 
in Princeton last week to stake out their 
positions and concluded cooperative agree- 
ments dealing with everything from data 
sharing to press relations. The meeting, 
convened by John Bahcall, did not become 
the ‘‘bloodbath”’ some had feared, but, by 
eliminating duplication, increased observ- 
ing opportunities. At a meeting the pre- 
vious week in Tucson, astronomers had 
been divided over whether time allocated 
to guest observers should include large slots 
for ‘‘key projects’’. 

Each of the seven guaranteed observer 
teams (one each for the six instruments plus 
one “‘observatory”’ team) has been assigned 
400 hours of observing time by the National 
Aeronautics and Space Administration 
(NASA). Until the Princeton meeting, 
teams had jealously kept their plans secret 
from one another, but have now decided 
to ‘‘behave like gentlemen’’, according to 
Bahcall. 

One problem is that immediate public 
recognition is likely for the first space 
telescope observations of such interesting 
objects as galaxy M-87, whether the hypo- 
thesized black hole is detected at its centre 
or not. In order to avoid rivalries, written 
agreements were signed to share press 
opportunities and to delay publication in 
academic journals until colleagues have 


seen results. Guaranteed observers’ pro- 
posals, which will now be substantially re- 
worked, will be formally submitted to 
NASA on 31 March. 

In Tucson, six working groups reported 
on their deliberations on the desirability of 
key projects for up to 30 per cent of guest 
observer time. Although everyone accepts 
that some programmes will last longer than 
others, there were ‘spirited discussions” on 
how they should be designated and what 
they should be. While it seems that six key 
projects are now being considered, thereis 
concern that the process should. not 
prejudice new ideas. A meeting for 
potential European guest observers is to be 
held shortly in Munich; in the meantime, 
no final decisions on key projects have been 
reached, according to George Field of 
Harvard University, chairman of the space 
telescope advisory committee. 

The telescope, which has been subject to 
several delays and cost overruns, is now. 
being assembled by the Lockheed Corpora- 
tion in Sunnyvale, California. Although it. 
is scheduled for launch on the shuttle in 
August 1986, less optimistic observers, such 
as Richard Harms of Applied Research 
Corporation, who developed the faint 
object spectrograph on the telescope, doubt 
that the instrument will be ready in time: 
No outstanding technical problems are 
recognized, but, historically, problems do 
tend to surface during final assembly. 

Tim Beardsley 






















































Heart transplants 


Tokyo 

JAPAN’s Ministry of Health and Welfare 
MHW) is to back a major new project 
aimed at resuming heart transplants in 
Japan, almost 17 years after the nation’s 
-first heart transplant caused a public outcry 
and brought further attempts to a halt. 
In August 1968, Professor Juro Wada, 
then at Sapporo Medical College in the 
northern island of Hokkaido, performed 
he nation’s first heart transplant. Over- 
ght, he gained much the same fame as 
hristian Barnard had in the west. But 
ings quickly went sour. Although the 
eart recipient lived for 82 days, which was 
considerable period of time given the state 
of knowledge in 1968, the press turned on 
Professor Wada — actually even before the 
recipient’s death — and subjected him to 
savage personal criticism. A complaint was 
filed against him that the donor had not 
been dead at the time the heart was taken 
the legal criteria of brain death having 
not been clearly established — and that he 
was thereby guilty of murder; but no prose- 
cution was ever actually carried out. 

~ “What exactly lay behind this campaign 
of vilification is a complicated tale; 
erettably, it was in part encouraged by 
loctors at more famous medical schools 
ho had wished to claim the honour of the 
rst transplant for themselves. 

But something rather more illogical than 
vy was also important. There remains in 
apan a peculiar and inexplicable opposi- 
jon to organ transplants, to the extent that 
it is extraordinarily difficult to find heart, 
kidney or eye donors. Quite why this is so, 
nobody knows. Some say it stems from 
Buddhist beliefs about the interment of 
bodily remains: after all, each year there 
are several expeditions to sites of fierce 
Second World War battles, such as Saipan 
and Iwo Jima, to search for the bones of 
long-dead Japanese soldiers so that they 
can be brought back to the homeland. That 
bodily remains matter so much does seem 
tobe rather cast into doubt by reports from 
the Railway Lost Property Office, however 
=- each year around 15 Buddhist funeral 
rms are left on trains and never claimed. 
Others seeking to explain opposition to 
rgan donation point to a Confucian in- 
fluence with emphasis on the notion that 
aving been given one’s body as a precious 
gift from one’s parents, one is not free to 
give parts of it away. The absence of the 
Christian idea of charity may also be to 
blame; donating things to people one does 
not know or has no connection with is a 
‘custom only just beginning to take root in 
Japan. Also there is perhaps a tradition 
that sudden death is preferable to a long 
battle in a hospital. Again, the government 
‘has never made a serious attempt to intro- 
uce a ‘‘donor card” system. Most pro- 
ably all these influences converge. But 
yhat-adds a twist of further illogicality to 


Japan tries limited experiment 


the Japanese situation is that very recently 
a Japanese went to the United States and 
successfully received a heart transplant 
from a US donor. Press reaction was 
ecstatic, despite the fact that the very same 
newspapers criticize attempts to restart 
heart transplants in Japan. 

One result of the unwillingness of the 
Japanese to donate organs has been a 
major effort to develop artificial equi- 
valents. Japan now has the highest number 
of kidney machines per head in the world 
and relies upon them in 98 per cent of cases 
of kidney failure. In other advanced 
countries, transplants are carried out in 
50-75 per cent of cases: without its own 
supply of kidneys, Japan has instead to rely 
on machines and US imports obtained at 
weekends and public holidays when few 
kidney transplants are carried out in the 
United States. 

Artificial heart research is also very ad- 
vanced. The group at the Tokyo University 
Institute of Medical Electronics, headed by 
Professor Kazuhiko Atsumi, is a world 
leader with a record-breaking goat that 
stayed alive for 344 days with a totally 
artificial heart. Groups at Osaka, Kyoto 
and Fukushima follow closely behind. Arti- 
ficial hearts are at present driven by an 
external source of compressed air but the 
Tokyo team believes a totally implantable 
compact heart with its own power supply 
could be ready for animal testing in 3-4 
years and a finished product in ten years. 

Final development of an artificial heart 
will occur, though, only if heart transplants 
also become common in Japan, for their 
first use is likely to be to keep a patient alive 
until a suitable donor heart can be found. 
The new MHW projects will try to win con- 
sensus for resumption of transplants; in- 
deed, it is already rumoured that several 
transplants will be performed this year. A 
hundred million yen has been promised by 
the ministry: first goals will be to collate 
information on heart transplants 
throughout the world to help win over 
public opinion. Opinion has already been 
sounded in the medical profession and 90 
per cent of doctors in medical schools are 
now willing to accept ‘‘brain death” as a 
criterion of death. Two hundred doctors 
have joined a society for heart transplants 
and 300 that for artificial hearts, both 
established very recently. Research will then 
be promoted on transplants in animals, 
organ preservation, a rapid distribution 
system for donated hearts, immunological 
control mechanisms and artificial hearts 
needed to back up operations. 

Even if a national consensus can be won, 
it is still unlikely that Japan will ever be able 
to supply all the organs it needs. Unlike the 
United States, there are just not enough 
young people dying violent deaths or being 
killed in traffic accidents to supply the 
organs required. Alun Anderson 


Hannover Fair 


Endless 
shop-window 


Tus year’s Hannover Fair, to be held in 
West Germany from 17 to 24 April, will be 
the biggest ever, with more than 6,700 
exhibitors from 46 countries. Last year, 
740,000 visitors attended in the eight days 
of the fair and considerably more are 
expected this year. The demand for ex- 
hibition space has now so far outstripped 
the provisions of the site that from 1986, 
the office and data technology fair will be 
held separately, three weeks earlier, to 
allow other parts of the fair further room 
for expansion. 

The largest trade and industry fair in 
Europe, Hannover is known as the Fair of 
Fairs, because it is made up of ten separate 
trade fairs run concurrently. By bringing 
together so many aspects of industry, 
ranging from microelectronics and robotics 
through electrical and mechanical 
engineering to cleaning technology and 
waste disposal, a great opportunity for 
cross-fertilization is provided. Nowhere is 
this more apparent than in the research and 
technology exhibition, unique to Hannover 
and one of its most popular attractions. Be- 
hind this innovation, started in 1976, is the 
concept of horizontal technology transfer 
— that many solutions to specific problems 
can have much wider applications than 
their inventors ever conceive of. A good 
example is the inventor of the air pump, 
who surely never foresaw that it would 
become an essential part of the compres- 
sor in millions of refrigerators. The exhi- 
bitors displaying such developments can 
attract an enormous range of potential cus- 
tomers, who in their turn have the chance 
to discover solutions to technical problems 
that have been impeding their development 
of new products. 

This year, for the first time, foreign uni- 
versities will be exhibiting, in addition to 
46 German universities, technical colleges 
and research institutes. Here, demand for 
space has now outstripped provision by 30 
per cent, and next yéar the research and 
technology exhibition will be housed in a 
far larger hall. The concept of ‘“‘researcher”’ 
also has to be seen in a wider context than 
those working in laboratories and research 
institutes, as many individuals now exhibit 
their specialized technical inventions at 
Hannover, hoping to find a manufacturer 
interested in large-scale production. 

A further development of the technology 
transfer concept is the new biotechnology 
exhibition, BioTechnica, to be staged for 
the first time on 8-10 October 1985. Eighty 
or more exhibitors from Europe, the 
United States and Japan will show market- 
able biotechnological research findings, 
new products and methods as well as lab- 
oratory and production techniques neces- 
sary for the practical application of their 
developments. Jennifer Altman 








Pacific oceanography 


Franco-Japanese plan mounted 


THE French deep-sea submersible, Nautile, 
designed to reach a depth of 6,000 metres 
with three scientists aboard, has behaved 
‘beautifully’? in its first trials in the 
Mediterranean, according to its test-pilots. 
Thus all augurs well so far for Nautile’s real 
business this summer, the intended 
investigation of the deep-sea trenches off 
Japan, where in the south the Philippine 
plate, and in the north the Pacific plate, 
plunge under the continental Eurasian plate 
on which Japan is sitting. 

According to the French co-director of 
the project, Xavier le Pichon of the 
University of Paris VII, Nautile will first 
carry out a seven-day trial run in the Puerto 
Rico trench at 6,000 metres, but there will 
be little time there for research. But in 
Japan in June and July, Nautile should 
make possible some unique geological ob- 
servations on one of the most active sub- 
duction regions in the world. And quite 
apart from the geotectonics, which are be- 
lieved to be threatening a magnitude-8 
earthquake close to Tokyo in the near 
future, Nautile will be searching for sub- 
duction-zone analogues of the “vent com- 
munities” of sub-ocean animals discovered 
by the US submersible Alvin at spreading 
centres in the Pacific. 

There are already indications, in the 
form of observations of up-welling mud 
from Japanese trenches, that there may be 
vents in the subduction zones, le Pichon 
says.. Evidence was presented at the 
American Geophysical Union meeting in 
December of dense communities of tube 
worms and clams recovered by Alvin along 
the Oregon-Washington subduction 
complex. Bottom waters there, at a depth 
of 2,036 metres, are rich in methane, Dr 
Erwin Suess of Oregon State University re- 
ported, and the chemistry suggests pro- 
cesses involving methane oxidation. 

Thus the phenomena that Nautile will be 
looking for are quite different from those 
in spreading centres, where hot sulphur-rich 
waters drive anoxic benthic communities. 
In the-case of subduction zones, the pro- 
cesses seem likely to involve the extrusion 
of relatively cool pore waters from sedi- 
ments rich in organic debris. 

Geologically, one of the most important 
tasks of the Kaiko (Japanese for “‘trench’’) 
Franco-Japanese collaboration with 
Nautile will be to place a tilt-meter and 
seismometer, both Japanese-designed, at a 
depth of 2,500-3,000 metres near the Bonin 
ridge. This volcanic arc runs south-west of 
Tokyo, and ends on the landward side in 
the Izu peninsula — which is resisting sub- 
duction under Japan. It is a release in the 
stresses in this zone that most threatens the 
Tokyo region with major earthquakes, and 
the instruments to be placed by Nautile are 
designed to help predict movements (with 
the national earthquake prediction 
network, see Nature 312, 500; 1984). 





But M. le Pichon describes the work to 
be done in placing these instruments as 
somewhat difficult — involving using 
Nautile to drill post-holes in the rock — 
and an oceanographic ‘‘first’’, so nobody 
is yet entirely certain that the exercise will 
be successful. 

Other work to be done by Nautile 
includes the direct observation of the sub- 
duction of two seamounts, one of them as 
big as Mt Fuji and already half-digested by 
the Japan trench, and a study of sediment 
deformation in the highly-sedimented 


NASA 


Perpetual plane 


Washington 

A PERPETUAL aircraft is being planned in 
the United States. The National Aero- 
nautics and Space Administration (NASA) 
will shortly award $375,000 for a feasibility 
study of a novel high-altitude atmospheric 
sensing vehicle, called the Carbon Dioxide 
Observation Platform System (CO-OPS). 
The novelty is that the unmanned aircraft 
would be given very long endurance by 
means of microwave power beamed up 
from ground stations. . 

As the project is still very much up in 
the air, nobody wants to appear too closely 
committed to it. Fred Koomanoff of the 
Department of Energy’s carbon dioxide re- 
search programme says the idea for CO- 
OPS was volunteered by Charles Guttman 
at NASA’s Marshall Space Flight Center 
in Alabama. Guttman, however, when 
asked about the CO-OPS concept, said 
“there is no concept’’. NASA is simply 
following up on a Department of Energy 
study on the use of space for research on 
carbon dioxide in the atmosphere. 

Koomanoff speculates that a long-en- 





Nankai konak. where the Philippine p 
meets the Eurasian plate. 

Planning for the expedition bega 
decade ago, according to M. le Pichon 
Operating costs for the two month: 
observation (some £2 million) wil be 
divided equally between France and Japan 
The construction costs of Nautile, borne b 
the French oceanographic agency tt 
Institut Francais de Recherche Pou 
PExploitation de la Mer (IFREMER 
formerly CNEXO), are estimated at “ten 
of millions” of pounds. With a divin; 
capability of 6,000 metres, the vessel shoul 
be able to reach some 97 per cent of th 
oceans’ deepest waters, it is claimed. 
Robert Walgat 


in prospect 
durance craft flying at 60,000-70,000. fee 
could be the best way of obtaining som 
atmospheric data; unlike balloons. o 
manned aircraft, it could stay in nearly the 
same place for long periods. CO-OPS 
might measure atmospheric aerosols, con 
centration of carbon dioxide and trace 
gases in the atmosphere and obtain tem 
perature and pressure profiles. CO-OP! 
could also observe land and sea ice an 
measure albedo. Military use is possible 
Some at NASA are sceptical about thi 
use of microwave power, however, on-th 
grounds that safety considerations could 
limiting. Nevertheless, NASA’s bid for pr 
posals virtually rules out solar power anc 
chemical energy for CO-OPS because 0 
weight considerations, while low-cos 
phased-array transmitter technology 
“‘appears feasible”. 
Potential contractors are reminded that 
CO-OPS would be a low-cost project using 
proven technology, to fly in perhaps 5 0 
6 years’ time. The closing date for 
proposals was 30 November 1984, 








Ocean Drilling Project setback 


BRITAIN has withdrawn from the Ocean 
Drilling Project (ODP), because money for 
the annual subscription of £2.5 million 
could not be found in time for the January 
deadline. The only hope now is that, with 
appropriate juggling of accounts and per- 
haps some arm twisting, the United King- 
dom could rejoin from next October. 
Canada, France and West Germany have 
already joined ODP and Japan has said 
that it will join from next October; the pro- 
ject is run by the Joint Oceanographic 
Institutions and is administered at Texas 
A & M University. ODP is the successor to 
the Deep Sea Drilling Project and involves 
a new ship known variously as ‘““JOIDES 
Resolution” or the Sedco/BP 471, now 
completing its “shakedown” voyage. 
For more than a year, the UK Natural 
Environment Research Council (NERC), 


together with the Department of Education 
and Science, has been trying to persuade 
the Department of Energy and members of 
the oil industry to top up NERC’s con- 
tribution to reach the full subscription. A 
spokesman for NERC acknowledged that 
they had been successful in raising funds 
but that an unspecified gap still remains: 
It is hoped that, by deferring payment of 
the subscription until October, NERC can 
meet ODP’s financial requirements. In 
principle, all British scientists should now 
come off the ODP committees but it is” 
hoped that, if NERC can juggle its ac- 
counts (which would probably require — 
Treasury approval — a commodity notor- 
iously hard to acquire), a letter of intent 
could be sent that would permit some level 
of UK involvement in the interim. 
Philip Campbell 




















































research contracts 


Washington 

_ Many research institutions in the United 
States are expressing concern at a recent 
patent law requiring them to give pre- 
‘erence to small businesses when licensing 
inventions arising from federally-supported 
esearch. One complaint is that many re- 
search universities are ill-equipped to 
evaluate the commercial strength of a small 
mpany eager to develop a potentially 
crative invention. And, according to draft 
regulations, would-be licensees who believe 
they have been treated unfairly can call for 
an investigation by the US Department of 
Commerce, raising the fear of harassment 
in research institutions. 

© The requirement that federal research 
contractors (other than large companies) 
must give small businesses first choice of 
| patent-worthy inventions is encoded in 
public law 98-620, signed by the President 
in November last year, which gave the 
Department of Commerce responsibility 





Jew US-Soviet links 


ashington 

Tue National Academy of Sciences 
delegation to Moscow last week reached a 
quick agreement with the Soviet Academy 
on a two-year cooperative agreement re- 
storing many of the exchange programmes 
suspended by the National Academy in 
1981 in protest against the internal exile of 
Dr Andrei Sakharov. A draft protocol 
signed by both delegations at the end of two 
days of meetings specifically calls for future 
cooperation to be in ‘‘forefront fields” of 
science in which both the United States and 
the Soviet Union are advanced. Those who 

ill participate in these programmes, which 

are to include joint workshops and ex- 
change visits, will have to be approved by 
both sides. These stipulations seem 
intended to answer past criticism that the 
Soviets avoid sharing the work of their best 
Scientists, especially in fields such as 
mathematics where they may hold an edge 
over the United States. 
The actual. fields to be included under the 
w agreement have yet to be decided; each 
de proposed a dozen topics last week, but 
e US academy has declined to provide 
urther details pending the completion of 
sitive negotiations that are expected to 
ad to a final agreement within a few 
months. 

A. short statement released by Frank 
Press, the president of the National 
‘Academy, who led the delegation, made 
nly a fleeting reference to the issue of 
Sakharov: ‘Our discussion also covered 
at constitutes a propitious climate for 
Operation... This climate naturally 
ludes our concern about human rights.” 
Stephen Budiansky 





mall may mean nuisance 


for administering the law and for pro- 
ducing regulations. The draft regulations 
now being circulated are nevertheless softer 
than some had feared: contractors are re- 
quired only to use ‘‘efforts that are reason- 
able under the circumstances” to attract 
small business licensees, although the 
requirement to prefer a qualifying small 
business applicant remains. In practice, this 
means that in cases where no small busi- 
ness is likely to be able to take on develop- 
ment, for example of a potential new drug, 
the search need be only a formality. 

Norman Latker, director of the federal 
technology management division at the 
commerce department, says the department 
“has not placed all that much emphasis”’ 
on the need to seek small businesses, and 
the law has been ‘‘viewed as a statement 
of wish”. The department has stopped 
short of placing on research contractors a 
requirement to demonstrate that reasonable 
efforts have been made. 

At one stage, it was feared that an unfa- 
vourable ruling following a complaint of 
unfair practice to the commerce depart- 
ment would mean that contracts with large 
companies would have to be cancelled. It 
is now clear, however, that the department 
will investigate only general licensing pro- 
cedures and will not intervene in specific 
cases. 

The public law 98-620 changed mark- 
edly during its passage through Congress. 
It was originally an attempt to extend to 
large companies the rights previously 
enjoyed by small businesses and universities 
to take out patents on invention arising 
from federal grants and contracts. In the 
event, there was political opposition in 
Congress and large companies now negot- 
iate separately over patent rights with the 
federal agencies. But the provisions of the 
bill originally intended to give small bus- 
inesses crumbs from bigger tables, applying 
also to universities, have survived. 

Some provisions of 98-620 are, however, 
viewed as liberating. Major institutions 
owned by the government but operated by 
contractors, such as the Stanford Linear 
Accelerator Center and the Jet Propulson 
will henceforth have the same first rights 
to patents arising from their research as 
independent contractors. Institutions in this 
category, which are owned mainly by the 
Department of Energy, also include Los 
Alamos, Lawrence Livermore and Argonne 
National Laboratories. And in another 
change, exclusive exploitation agreements 
with large companies will in future be per- 
mitted to extend up to the full 17-year 
lifetime of the patent. There had previously 
been an upper limit of five years from 
commercial availability of the product or 
8 years from the date of the licensing 
agreement, a restriction that came to be 
viewed as an impediment. 

Tim Beardsley 


British ok councils 
Corporate plans 
all the rage 


THE British Natural Environment 
Research Council (NERC) has come in for 
criticism over its handling of its own 
corporate plan — its proposals for structur- 
ing the next five years of its activities. The 
leaking of details of a draft version has 
resulted in a flood of letters to council 
members from interested parties. The out- 
come of a council meeting last Thursday 
is an unscheduled meeting called for this 
week which is expected to ratify a final 
draft for public release on 14 February. 

There are three substantive issues 
involved in the proposed reorganization: 
centralization of control of the research 
institutes, the scale of staff cuts and the 
transfer of funds to support research in uni- 
versities. NERC is adamant that the 
principles of the changes are already firmly 
established (and indeed were approved by 
the council last year), but that detailed 
modifications can still be incorporated in 
the light of opinion. The research council 
sees the corporate plan as a framework for 
future developments that will evolve during 
this coming financial year. There is still 
dissent amongst those who have discussed 
the document over the methods to be used 
to achieve the reorganization, but all parties 
do agree that fundamental change is 
necessary. 

The problem is exemplified by the 
position of the British Geological Survey 
(BGS) as described by Professor J. Sutton 
of Imperial College in a recent speech 
critical of NERC. BGS is the only national 
survey under the aegis of a research council 
and stands in odd contrast with the Ord- 
nance Survey (concerned with topo- 
graphical maps), which comes directly 
under the Ministry of Defence. Elsewhere, 
in the United States, for instance, both 
topographical and geological mapping are 
functions of the geological survey of the 
Department of the Interior. As Sutton said, 
the comparable size of BGS and its parent 
body NERC causes problems with the 
result that senior members of BGS feel that 
independence is a viable alternative to the 
centralized direction now proposed. 

One council member favourable to the 
plan said this week that geology has 
changed, with many important functions 
such as seismic surveying and mapping of 
the ocean floor requiring cooperation 
between BGS and, for example, the 
Institute of Oceanographic Sciences. Both 
are now components of NERC, and there 
is support on the council for this to 
continue, whatever reorganization takes 
place. Many prominent members of the 
British earth sciences community are calling 
for a return of BGS to its ‘‘proper’’ role 


as a national survey, providing and revising 
geological maps and a synthesis of the 
Peter Gambles 


British geology. 











UK expenditure À 





Cash limits limit change 


THE British government’s spending plans 
for the next three financial years (the first, 
that beginning on ! April), published last 
week, contain no surprises for research and 
higher education. The annual planning 
document (Cmnd 9428-1 and 2) confirms 
the details announced piecemeal in the past 
few months about the projected total of 
spending on research and higher education 
in the period immediately ahead. But even 
before the ink on the new document is dry, 
it seems to be generally agreed that the 
government will not be able to hold to its 
present course without further economies. 

The document thus records the increase 
of public spending through the science 
budget agreed last December and amoun- 
ting to an extra £11 million (compared with 
last year’s estimate) in the year beginning 
1 April, with increases of £8 million in each 
of the two succeeding years. In cash, this 
implies that the total science budget, that 
which is administered by the Advisory 
Board for the Research Councils, will in- 
crease from £550 million this year to £584 
million next year and to £600 and £610 
million in the two succeeding years when 
the rate of inflation is assumed to be 4 per 
cent and 3.25 per cent respectively. 

Superficially, these figures implyh that 
there will in fact be reductions. of the 
budgets available for the research councils 
in the two years concerned. Apart from the 
assumptions made about the inflation rate, 
there is no assurance that the future pay set- 
tlements will tally with the government’s 
assumptions. 

On higher education, the latest figures 
suggest that the government is planning not 
for reductions of student numbers but for 
stagnation over the next three years. Stu- 
dent numbers at British universities and at 
other higher education institutions in 
England are expected to decline by 3,000 
in the coming financial year but then to be 
effectively constant. 

British government support for industrial 
research and development through the 
Department of Trade and Industry is also 
forecast to grow less quickly than inflation 
in the three years ahead. The government’s 
white paper says that spending (estimated 
at £383 million during the current year, and 
covering the costs of the department’s 
laboratories, existing grant schemes and 
support for space and aerospace) will grow 
to £390 million in the two succeeding years. 
The future of the British government’s sup- 
port by means of grants for industrial 
research and development i is said to hang 
on the outcome of a review due to be com- 
pleted before the end of March. 

Defence research and development, some 
12.5 per cent of the total defence budget 
(now running at £17,250 million a year), 
is not analysed in detail in the new survey 
of forward spending plans, but will be dealt 
with in the formal statement on the defence 





budget due next month. l 

In their general character, the new 
budget plans contain no substantial depar- 
tures from the British government’s de- 
clared intentions on research. Of necessi- 


British education 


ty, the plans include no provisi 
radical changes of the spending 
such as might result from a more 
reorganization of civil research than t 
now in prospect. Meanwhile, the effect 
the general insistence that cash allocation 
are limited for the years ahead mist bë 
reinforce the general sense that all dies 
now Cast. 


Lords against specialism 


A STRONG attack on the British govern- 
ment’s arrangements for technical 
education and training was launched earlier 
this week by the House of Lords Select 
Committee on Science and Technology. 
Among other things, a subcommittee under 
Lord Gregson argues that there should be 
new arrangements for enabling graduates 
to acquire the skills needed in the applic- 
ation of new technologies (Education and 
training for new technologies, HMSO, 
£6.00). 

The general line followed by the subcom- 
mittee is that the essence of new technology 
is its unfamiliarity, for which reason the 
most appropriate preparation is a broad 
education. In this spirit, its complains at 
the narrowness ofthe school curriculum in 
England and Wales. Both in the schools 
and in higher education, the devolution of 
responsibility to separate teaching instit- 
utions, acknowledged as a source of 
stability within the educational system, is 
also cited as one reason why valuable 
innovations do not spread quickly. 

On the educational needs of the present, 
the committee argues for a more general 
curriculum at the early stages of people’s 
development, saying that the needs of in- 
formation technology can be met by edu- 
cation in mathematics, physics and English. 
Emphasizing the. present shortage of 
trained people in information technology 
estimated by some of those giving evidence 
to amount to 5,000 graduates, the 
committee argues that there is an urgent 
need not merely for better provision for 
continuing education but for a better 
recognition of the need. 

The central recommendation of the 
House of Lords committee is that there 
should be established within the framework 
of the Science and Engineering Research 
Council an organization to be called the 
Education and Training Board whose 
functions would include the financial 
support of vocationally oriented courses for 
graduates from British universities and 
other institutions. The board would also be 
responsible for surveys of manpower needs 
and for general advice on the design of 
courses. 

More generally, the committee is critical 
of the ad hoc character of the British 
government’s approach to technical edu- 
cation, pointing out that budgets for in- 
novation are most likely to be cut first when 
funds are scarce. It recommends tax incent- 


ives to encourage industrial and busin 
support for education, but says nothing 
the more contentious issue of whethe: 
people seeking technical education outsid 
the limits of what the state provides shoulc 
be able to offset the cost against taxation 
In passing, the House of Lords commit 
tee supports the argument that Britist 
university research is in poor shape anc 
urges that the pursuit of excellence in 
research necessary for the successfu 
exploitation of new technology. 


Seminar scrapped 


Los Angeles 

THE chief surgeon at the School 
Medicine at the University of California 
San Diego, last week cancelled a seminar 
demonstrating new surgical techniques on 





anonymous telephone caller. According. to 
university officials, this is the first time any 
such event has. been called off in a Cali. 
fornia state school because of complai 

of animal abuse in scientific work. 

The surgeon, Dr A.R. Moossa, had 
planned to teach a seminar this month 
showing physicians how to use staples tọ 
save operating time. Thirty-six anaesthe- 
tized dogs would have been put to death 
after the demonstration. On 14 January 
a man telephoned Dr Moossa’s office an 
according to Sharon Gillespie, the sı 
geon’s assistant who took the call 
threatened to put a “‘bullet in (Moossa’ 
head” if he did not ‘‘stop the thing with 
the dogs’’. The caller did not identify hi 
self nor did he name any animal rig! 
group, the surgeon’s assistant said. 

Dr Moossa promptly cancelled the 
seminar. Although this is the first time he 
has been threatened with bodily harm, D 
Moossa has received half a dozen letters 
protesting against the use of animals 
surgery. The dogs were to be obtained from 
the San Diego county animal shelter and 
would have been destroyed anyway, ac: 
cording to a university spokesman. 

Many California researchers are be 
ginning to feel threatened by the growing _ 
militancy of animal rights groups, accord 
ing to Sandra Bressler, executive directo: 
of the California Biomedical Research 
Association, an organization set up in pa 
by the state’s universities to counter: thi 
animal rights protesters.Sandra Blakeslee 































































h fund-raising 


MAILING shots from a British cancer 
research charity called the Association for 
International Cancer Research (AICR) 
have been descending on surprised 
1embers of the British public. The letters 
egin by inviting recipients to take part in 
“prize draw, and say that luxury items 
vorth up to £10,000 are being given away. 
The letters, carrying a return address at a 
Cheltenham post office box, are signed by 
Frank Salisbury, and go on to suggest that 
appreciative recipients may wish to make 
donations. to AICR’s fund for cancer 
esearch. Failure to do so, however will not 
opardize chances of winning a prize. A 
spokesman for the mailing house said this 
ek that the full address was omitted by 
cident from the first mailing pieces. 
‘The hard sell on behalf of a good cause 
unfamiliar in Britain, although the 
echnique of linking a prize draw with a 
Olicitation has also recently been used by 
he Consumers Association on behalf of its 
iblication Which?. Those familiar with 
ritish cancer research charities have also 
been surprised that AICR’s account of re- 
mt progress in cancer research closely 
‘ollows a document put out last year by the 
ancer Research Campaign. 
AICR began life in December 1979 as 
FCR-UK, a British spin-off of a US 
rganization, the National Foundation for 
‘Cancer Research (NFCR). The declared ob- 
tives of NFCR-UK were to ‘promote, 
duct and support research into the 
uses, prevention, treatment and cure of 
ancer and associated conditions”. The 
ectors were Franklyn Salisbury, his wife 
‘amara, Professor Kenneth Rees of 
niversity College London and Professor 
revor Slater of the department of 
iochemistry at Brunel University. 
At an extraordinary general meeting in 
ember 1982, it was decided to change 
eè name to AICR. The recent mail-shot 
ms to reflect AICR’s wish to sustain 
self through ‘‘our own fund-raising ef- 
orts in the UK”. At the outset, NFCR-UK 
eived £450,000 from its US parent 
anization. Since then, annual expen- 
‘ure on grants has not exceeded accrued 
annual interest. The mail-shot describes re- 
cent developments in cancer research in a 
nanner which, by elisions of syntax and 
yout, prompts the inference that AICR 
esponsible. 
FCR was set up ten years ago in the 
ited States by Salisbury, an east coast 
er, with the help of Dr Albert Szent- 
yorgyi, the Nobel laureate. Last year, 
Salisbury was granted an audience with the 
pe in recognition of services to cancer 
search in Italy. Later this year, he will be 
warded an honorary degree by the Univer- 
ty of Wales. His present involvement with 
.ICR-may. explain the aggressive style of 
fund-raising campaign. NFCR has made 
nts to more than 80 laboratories in 15 


Hard sell in cancer research 


countries. Its international status has com- 
plicated its task of complying with US 
regulations governing charities which, 
inter alia, require that each year’s income 
should be spent or overspent in the year in 
which it is earned. 

From its inception, AICR has been coor- 
dinated from Brunel University. Professor 
Robin Willson, whose research there into 
the interaction of certain drugs with 
oxygen-free radicals has been supported by 
NFCR, explains that a decision was made 
at the last annual general meeting to 
relocate AICR’s administrative centre at 
the University of St Andrews, under the 
auspices of Dr Colin Thomson. 

Dr Thomson says that the prize-draw in- 
vitations were sent out to 400,000 members 
of the public believed to be susceptible to 
mail-order solicitations. According to Dr 
Thomson, an additional leaflet outlining 
recent scientific advances was sent out to 
10 per cent of those on the mailing list, but 
as an experiment. 

When asked why AICR had embarked 
on this campaign after four and a half years 
of relative inactivity, he replied that ‘‘the 
previous board didn’t think it would work 
here. The kind of reaction one is inevitably 
going to get from the established groups is 
that we’re only interested in the kinky 


fringes of science. In fact we aim to foc 
attention on novel and under-investigated 
areas of research.” 

Professor Willson, however, fears that 
AICR’s new tactics may detract from the 
work of established groups. ‘“‘Our only 
doubts about raising funds in Britain are 
that we do not wish to tread on the toes 
of the Institute of Cancer Research and the 
Cancer Research Campaign.” Dr Thomson 
dismisses this concern; ‘‘we’re trying to 
support good science, high-quality research 
which is not competitive but comp- 
lementary’’. 

Apart from research supported by the 
British fund, some groups continue to be 
supported directly from the United States. 
Dr Ronald Pethig of the University College 
of North Wales at Bangor says that the US 
fund has supported his investigation of cell 
membrane structure to the tune of £40,000 
a year for several years generously and 
flexibly. 

On the telephone from Washington this 
week, Mr Salisbury said that the ‘‘British 
people are responding nicely” to the recent 
mail-shot. He explained that he had deci- 
ded that the time had come to make the 
British offshoot ‘‘more active’’, but that 
there were limits to the extent to which 
cancer could be dealt with ‘‘by throwing 
money at it’’. The British trustees, apart 
from Mr Salisbury himself, are Dr Colin 
Thomson and Professor Lord Tedder, also 
at St Andrews. o 
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British component fails 


To the bitter. disappointment of British 
space scientists, the United Kingdom’s 
component of the AMPTE (Active 
Magnetospheric Particle Tracer Explorers) 
mission appears to have ended pre- 
maturely. The UK Subsatellite (UKS) is 
equipped to measure the particles and the 
magnetic and electric fields and waves 
encountered as it follows its West German 
companion satellite in an orbit through the 
magnetosphere. But on 16 January, the 
Rutherford Appleton Laboratory failed to 
detect a signal from UKS as it came over 
the horizon; subsequent efforts suggest that 
the fault lies in the spacecraft itself and is 
irremediable. 

The AMPTE mission achieved two 
major successes during earlier experiments, 
in which lithium and barium ions were 
released in the solar wind upstream of the 
Earth’s magnetosphere. The German 
satellite, the Ion Release Module (IRM), 
and UKS were able to monitor the comet- 
like interactions which followed the releases 
(see Nature 10 January, p.90). The third 
AMPTE satellite, the US Charge 
Composition Explorer (CCE), is placed in 
an orbit within the radiation belts and, as 
well as continually monitoring the particle 
populations, is also hoped to detect any 
ions that might be injected into the belts 
following their release from IRM. 


Earlier this month, British scientists were 
cock-a-hoop over the quality of data 
coming in from UKS. Following the dis- 
appearance of the signal, a search for the 
satellite has been carried out by the 
National Aeronautics and Space Admini- 
stration’s deep space network and other 
facilities. One possibility being considered 
was that the spacecraft had changed orbit 
due to an unplanned expulsion of gas. This 
is now ruled out. No signal has been 
detected and, after extensive checks of 
ground equipment, it has been concluded 
that the fault is on board. 

According to a spokesman at the Ruther- 
ford Appleton Laboratory, the mission has 
achieved 70 per cent of its aims. One of 
those involved in the mission, David 
Southwood of Imperial College, London, 
expressed considerable frustration that 
UKS did not hold out until its orbit had 
precessed into the magnetotail, where a 
plasma release is planned. ‘‘Had it lasted 
until May or June it would have achieved 
90 to 95 per cent of its aims” he said. ‘‘But 
the data sent back from the magnetopause 
{the boundary between the solar wind and 
the Earth’s magnetosphere] are, in terms 
of time and angular resolution, the best 
achievable for some time to come, while the 
comet release experiments were unique.” 

Philip Campbell 








NERC corporate plan | 


SiR — Your news item (Nature 10 
January, p.91) on the corporate plan for 
the reorganization of the Natural Environ- 
ment Research Council (NERC) is mis- 
leading. It implies that trades unions are 
now being consulted about the plan but 
many staff, certainly those scientists that 
the Institution of Professional Civil 
Servants represents in the British Geolo- 
gical Survey, regard the council’s consul- 
tations with its unions as a sham. Most of 
the staff have not yet been allowed to see 
the document and they are anxious at the 
reported implications and angry at being 
refused sight of it. The few departmental 
union representatives who are privy to the 


plan are forbidden to discuss it with their 
members. 

NERC has been reported as saying that 
the reason for the secrecy is fear of mis- 
understanding but secrecy is far more likely 
to foster misunderstanding. As there is al- 
ready widespread opposition to the plan, 
many believe the secrecy is really designed 
to minimize dissent before the plan is im- 
plemented. NEIL AITKENHEAD 

(Chairman) 
British Geological Survey Section, 
Institution of Professional Civil 
Servants (NERC Branch), 
Keyworth, 
Nottingham NG12 5GG, UK 





US space station experiments 


SiR — In his article opposing European 
participation in the US space station pro- 
ject (Nature 1 November, p.11), Dr Erhard 
Keppler unduly minimizes the potential for 
biological investigation on board the pro- 
posed facility with his statement that 
interest in such work ‘‘... has greatly lost its 
attraction in the past few years’’. While it is 
true that fewer studies on the basic biolo- 
gical consequences of microgravity have 
recently appeared in the literature than one 
might expect, I believe that this is largely 
owing to a lack of proper facilities rather 
than to a shortage of interest. 

An examination of earlier work publish- 
` ëd on: vertebrate development in space 
- reveals.a depressing parade of experiments 

marred by lack of controls, launch delays, 
short flight times and constraints on cabin 
space and crew involvement, resulting in 
data of limited value. For example, the 
Soviets! flew developing frog larvae on 
board the Salyut-4 spacecraft and found 
changes that could be interpreted as de- 
generative in the vestibular sensory neuro- 
epithelium of the inner ear, but as in the 
case of most other orbital biology work so 
far performed, 1g control centrifuge data 
are missing, so drawing a conclusion from 
the findings is risky. Similar experiments 
flown on Gemini? and Biosatellite? flights 
also yielded unsatisfactory results. Good 
information on microgravitational effects 
on higher vertebrate development is espec- 
ially scarce. A joint US-Soviet attempt to 
mate rats in orbit on Cosmos 11294 failed 
to produce conception for reasons that are 
not clear (behaviour was apparently not 
recorded), while 60 incubating quail eggs 
on the same flight suffered developmental 
arrest when the humidifier broke down in 
mid-flight. 

‘Rather than throwing up our hands and 
giving up, we should insist on proper 
facilities where careful long-term observa- 
tions can be made directly by specialists. 
While the NASA/ESA Spacelab is a giant 
step in this direction (with some planned 
flights of the orbital laboratory devoted 
specifically to the life sciences), only a per- 








manent space station offers the 
opportunity for continuing studies of 
animals and plants reproducing and 
developing in microgravity over multiple 
generations. This work has extremely 
important implications for the future of 
man in space and constitutes strong 
justification for going forward with the 
construction of a space station. 
Cooperation with European bioscience 
groups in such an endeavour would clearly 
benefit all. RUSSEL L. KERSCHMANN 
Massachusetts General Hospital, 

Boston, Massachusetts 02114, USA 


1. Vinnikov, Y.A. et al. Arkh. Anat, Gistol, Embryrol. 70, 
no.l (NASA TT F-16987, 1976). 

2. Young, R.S. & Tremor, J.W. Life Sci. Space Res. 6, 87 
(1968). 

3. Edwards, B.F. Life Sci. Space Res. 7, 84 (1969). 

4. Keefe, J.R. in Final Reports of US Rat Experiments Flown 
on the Soviet Satellite Cosmos 1129 (NASA TM-81298, 
{1979}. 





Nuclear winter 


Sir — The National Research Council of 
the US Academy of Sciences has now 
joined others who have postulated severe 
winter conditions as an immediate conse- 
quence of any major nuclear war. So far 
such hypotheses have suggested that such 
conditions may be of limited duration — 
a matter of weeks or months — and appear 
to have concentrated on the direct loss of 
solar energy that would result from pollu- 
tion of the atmosphere. 

It would therefore be of interest to know 
whether any of the models so far used have 
taken account of predictable consequential 
energy losses — notably those attributable 
to the albedo effect of the snowfields that 
the nuclear winter would create and those 
that might result from the interruption of 
warm air and tidal flows into the higher 
latitudes of the Northern Hemisphere if the 
seas froze. On basic principles, it seems en- 
tirely possible that the aggregate of effects 
might well tip the scales to precipitate a 
major glaciation. DAVID GREEN 
Rhyd yr Harding, 

Castle Morris, 
near Haverfordwest SA62 5EJ, UK 


Jerne still influenti 











SiR — Peter Newmark’s use of the pas 
tense in his brief review of Niels Jerne’s 
Nobel Prize winning work (Nature 311 
601; 1984) is misleading. He writes th: 
Jerne’s network theory ‘‘was at its mo: 
influential about a decade ago’’. This seei 
to imply that the theory has since b 
discredited, and is no longer influentia 
was however only a decade ago that Jer 
most famous network paper was publish 
in the Annales d'Immunologie (Institi 





Pasteur), and it took some time for th 
concept to become popular. One measur 
of the degree to which a paper is influenti 
is the extent to which it is cited. Figure 
shows the number of citations of the abov: 
mentioned paper for each year since then 
according to the Science Citation Index: To 
judge by this criterion, that paper’s deg 
of influence may not yet have peaked 
It is impractical to attempt to review i 
this letter the very considerabil 
achievements of immune system network 
theory, as formulated by Jerne and subse 
quently modified and developed in mor 
detail by others. Suffice it to say thai 
Newmark’s remarks clearly do not refle 
current thinking of workers in the field 
GEOFFREY W. HOFFMAN! 
Departments of Physics and Microbiology 
University of British Columbia, 
Vancouver, BC, Canada 
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The number of citations of the paper “Towar 
a Network Theory of the Immune System”? 
N.K. Jerne, Annis Immun., Inst. Pasteur, Pi A 
125C, 373-389 (1974) for the years 1974-84. T 
number given for 1984 is twice the number 
citations for January to June 1984. 





Value-free science 


Sir — Your correspondent Mark | 
Diensdorf (Nature 10 January, p. 
throws at us the same superstitious rubbi 








we have been enduring for years. Is he 
anyone else) really unable to distingui 
between the scientific (and value-fr 
statement ‘‘The lethal dose of cyanide i 
gm/kilo of body weight” and the practic 
(and value-loaded) statement ‘‘I am goin 
to poison my wife’’? E 
M. HAMMERTO 
University of Newcastle upon Tyne, 
Department of Psychology, 
Ridley Building, Claremont Place, 
Newcastle upon Tyne NEI 7RU, UK 























































R — In his leading article of 4 October ', 
Stephen Budiansky takes issue with some 
comments I made regarding a recent 
stiidy ? linking subtherapeutic use of anti- 
biotics in animals with human disease *. 
While he obviously hears the clarion 
differently from me, it is important to 
clarify some of the facts that he presented. 
(Those addressed by A.H. Linton * are not 
repeated here.) 
Nobody will disagree with Mr Budiansky 
that Salmonella should not be in meat. 
These and other less pathogenic organisms 
will, however, continue to contaminate 
food products while they continue to be 
selected for in the agricultural environment. 
It is precisely their antibiotic resistance that 
assures this selection and reflects the use 
yf antibiotics. 
‘Mr = Budiansky questions “whether 
nimals are a significant generator of 
istant human pathogens”. It is becoming 
increasingly more evident that resistant 
'almonella causing human disease in the 
nited States. originate in animals >. 
oreover, once introduced into a human 
ulation, such as occurred in a hospital 
ursery © or the outbreak described in the 
New England Journal of Medicine’, 
uman-to-human spread may also occur. 
ut resistant non-pathogenic strains are 
lso involved. Since transfer of resistance 
occurs readily among pathogens ‘and non- 
athogens, it is not necessary that “human 
pathogens interact with animal pathogens 
order to acquire resistance’. This 
plasmid exchange makes it very relevant to 
peak about the environmental pool of 
hese resistance plasmids no matter what 
eir host. 
Mr Budiansky cites the article by 
tkinson and Lorian ’ as evidence that re- 
stance is not being spread and that resist- 
nce in the environment has reached an 
‘equilibrium’’. But these data are limited 
o hospitals which have always been a 
aven of antibiotic use and antibiotic re- 
stance. Furthermore, the study did look 
at the big picture”, (5.8 million isolates 
m 242 hospitals in the United States 
‘om 1971 to- 1972) with the consequence 
hat one cannot relate the findings to any 
individual hospital or individual patient. In 
fact, the authors of the report admit that 
“Tocal outbréaks of bacterial resistance do 
‘arise and many have serious conse- 
quences”. Moreover, they report increased 
esistance to multiple antibiotics in S. 
faecalis and S. epidermidis and sustained 
igh levels of resistance to common anti- 
biotics among many of the strains tested. 
‘The fact that some (but not all) resistance 
has stayed.the same and not decreased is 
hardly grounds for complacency. More 
importantly, these data do not take into 
account the hew emergence of infectious 
agents such as.multi-resistant pneumococci, 
_penicillin-resistant gonococcus, and ampi- 
-resistant Haemophilus influenzae 


ntibiotics in animals 


which now appear in the community. 
The microbial environment of animals 
and man is not separate. Consequently, one 
must look at the sources of these resistant 
bacteria and resistance factors in the 
“common” environment. To this viewer, 
for the reasons stated in my editorial, a 
major source in the United States is 
animals. STUART B. LEVY 
Tufts University School of Medicine, 
136 Harrison Avenue, 
Boston, Massachusetts 02111, USA 
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Stephen Budiansky replies: 
Levy seems to suggest that feeding farm 
animals antibiotics makes contamination of 
meat by salmonella more likely. In fact, 
several studies address this very question 
and reach the opposite conclusion "?, 
But in any event, the burden of my 
argument was that salmonella is simply the 


wrong example to be looking at. Antibiotic 
resistance is presumably of concern because 
it is making the treatment of bacterial in- 
fections more difficult. Since antibiotics are 
not normally used to treat salmonellosis, 
it really does not matter whether the 
salmonella that is making people sick is 
resistant or not, or of animal origin or not. 
Furthermore, salmonella is one of the few 
pathogens common to farm animals and 
humans; that animal feeds may be respons- 
ible for resistant salmonella does not mean 
that they are responsible for resistant 
strains of other, strictly human, pathogens 
that are one step removed from animal 
guts. 

Indeed it seems unlikely that the blame 
for ampicillin-resistant H. influenzae can 
be laid ta animal feeds, since ampicillin is 
not used in feeds. And why postulate a 
subtle origin of penicillin-resistant gonor- 
rhoea, involving multiple transfers of 
resistance plasmids between bacterial 
species, when we have staring in our faces 
the blatant bombardment of humans (and 
especially those humans with gonorrhoea) 
by penicillin for the last 40 years. — 
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Too much hype 


Sir — An aggressive publicity campaign 
has been launched to promote Immunovir 
(or Isoprinosine); recently approved in 
Great Britain '?. The campaign has even 
found some echo in the columns of 
Nature}. f 

This is hardly surprising, since this drug 
is already better known from its promotion 
rather than its results. For example, in 
1982, the US drugstore bookstalls hyped 
the drug with a paperback, which not only 
claimed a cure for herpes but also accused 
the Food and Drug Administration (FDA) 
of preventing herpes victims from using 
and benefiting from the miraculous 
substance *. Although the author did not 
support his claims with’ any scientific 
publications, the book claimed him to be 
“an authority on herpes”. 

It is even more curious that reports 
describing the ineffectiveness of Isoprino- 
sine ^7 seem to have been ignored on the 
occasion of its British premiére, as was also 
the fact that despite the commercialization 
of Isoprinosine in France, Germany, Italy 
and Spain for several years, the number of 
herpes patients has not decreased there. 
The purpose of this communication, how- 
ever, is not to add data based on experience 
with this drug showing that Isoprinosine 
clearly has no beneficial effect on herpes 
patients, but rather, to question the 
practices of pharmaceutical companies and 
of the media. 

It is therefore incredible to read in the 
Sunday Times: ‘‘A pill for AIDS” is avail- 
able, “but it may come too late” '. Or in 
the Financial Times that: ‘‘Immunovir may 


also be able to prevent AIDS, a fatal break- 
down of the immune system’’?. Last but 
not least; there is the statement: “The drug 
Immunovir is the first in a new class of 
drugs which appear to have very promising 
potential in treating and preventing viral 
diseases ranging from influenza to shingles 
to AIDS and to some kinds of cancers” ?. 

It is time to ensure that responsible lay 
publications prevent the exploitation of the 
public in such ways. In an era of 
proliferation of regulatory bodies and 
ethics committees whose -role and 
motivations are not always obvious, it is 
unfortunate to have to suggest yet another 
body to impose restrictions on scientists 
and journalists concerning the publicity of 
potential “‘breakthroughs’’. But, if it is un- 
acceptable that research hopes are wildly 
publicized (for more often than not false 
hopes are more damaging for the public 
than patience), only self-discipline by 
scientists and journalists will eradicate the 
sensational. 

Certainly, those who have vested 
interests in pharmaceutical companies, 
politicians promoting their re-election or 
scientists promoting their career and their 
laboratory budget through the lay press, 
will reject such limitations, but the majority 
would accept them with relief. 

DIMITRI VIZA 
Faculté de Médecine, 
15 rue de l'Ecole de Médecine, 
75006 Paris, France 
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Radiation casualties in a nuclear war 


from Patricia Lindop, Joseph Rotblat & Philip Webber 


Calculations of the effects of nuclear explosions over London suggest that the proportion and absolute number o. 
radiation fatalities are higher than previously estimated. They are sensitive to the value of LD 39 assumed for people, but th 
number of total casualties, deaths plus injuries, is practically independent of the LD i 


THE several recent calculations of the 
numbers of casualties likely in a nuclear 
war differ widely in their estimates of 
casualties caused by radiation, both 
absolutely and relative to other major 
causes of death or injury, the blast wave 
and the heat pulse. The ratio of radiation to 
blast deaths has been variously estimated as 
6 per cent! or 86 per cent?. Part of the 
discrepancy arises from the different 
assumptions made about the protection 
afforded by buildings, part from the 
relationship assumed between the 
radiation exposure of individuals and the 
risk of mortality. 

In calculations of the consequences of 
nuclear war, the choice of a value for LD so 
the radiation dose causing 50 per cent 
mortality in human beings, seems to be 
somewhat arbitrary. Indeed, there are very 
few data on which to base accurate 
estimates. Such information as there is 
derives from radiation accidents in 
peacetime, with victims receiving first-rate 
medical care. The experience in Hiroshima 
and Nagasaki has not so far been used in 

this respect, but clearly in the aftermath of 
anuclear war the radiation mortality would 
be much greater than in peacetime. 

Here we consider two cases — a single 
oné-megaton bomb in a ground-burst on a 
major city (we have chosen London so as to 
work with a known population distri- 
bution) and the explosion of several 
thermonuclear weapons on the periphery 
ofamajor city. The first case is probably an 
unrealistic representation of nuclear war, 
but is simple to calculate and easily trans- 
lated to other circumstances. The second is 
the London component of the 1980 
‘Square Leg’ exercise of the British Home 
Office. We also consider the effect of 
sublethal exposures in the two cases. 


Single bomb 

We first assume that a one-megaton bomb 
(half-fission, half-fusion) is exploded 580 
metres above the centre of London. For 
such a detonation, the fireball would touch 
the ground, giving rise to local fall-out. 
Before calculating the effects of the latter, 
the deaths due to the heat and blast waves 
in a given area have to be subtracted. Those 
due to the initial neutrons and y rays can be 
ignored, since they occur within the lethal 
area of the blast effect. Using a procedure 
suggested by the US Office of Technology 
Assessment?, we have calculated that the 
total number of fatalities from heat and 
blast would amount to 560,000 out of a 
London population of 7 million. 





For the estimate of fall-out casualties, we 
have assumed a steady southerly wind 
blowing at 24 kilometres per hour, and zero 
wind shear. We have ignored the effects 
from the inhalation and ingestion of 
radioactive materials, but have considered 
only the y rays from the fission products 
after their deposition on the ground. A 
terrain shielding factor of 0.7 was applied 
to allow for roughness of the surface. 
Under the postulated idealized atmos- 
pheric conditions, the contours for 
constant dose-rate could be assumed to be 
ellipses with dimensions deduced from the 
formulae given by Glasstone and Dolan‘. 
In combination with the population 
densities in the individual London 
boroughs, we were thus able to calculate 
the numbers of people receiving a given 
dose in a specified time under stipulated 
exposure conditions. From the sigmoid- 
shaped curves relating mortality to 
radiation dose, we then calculated the 
number of fatalities for the various 
parameters in our scenario. 

We have chosen four values of the LD so, 
to cover the likely range, namely 3,4,6 and 
8 gray, these being tissue doses at the 
surface of the body. For each LD sy value 
we calculated the casualties for four values 
of the protection factor (PF) — 1, 5, 10 and 
20. The first of these refers to the case in 
which people remain in the open during the 
whole period of exposure. In war scenarios 
described in the literature, a protection 
factor of 5 is often used as an average value 
for city populations. We have also calcu- 
lated the effect of receiving the exposure in 
one day and over 7 days. The latter is the 
period during which the accumulated dose 
is nearly equal to the infinity dose, 
although if people in shelters with a high 
PF emerged after 7 days, they could still 
accumulate a large dose if they subse- 
quently remained in the open. A one-day 
exposure is of relevance in conjunction 
with a PF of 1; if the bomb were part of a 
surprise attack, many survivors of the heat 
and blast effects would be disoriented — 
some would try to get home, others would 
try to leave the city, but it might take a day 
to find an uncontaminated area or a 
shelter. 

Table 1 contains the results of the calcu- 
lation of radiation fatalities following a 
7-day exposure. The numbers have been 
rounded off to the nearest 10,000; greater 
precision is not warranted. There is more 
than a 10-fold difference in the number of 
fatalities between the lowest and highest 
values of the parameters used. But the main 








































point to note is the large absolute numbe 
of deaths. At the conditions most ofter 
assumed in the literature, LD sx = 4Gy anc 
PF = 5, the radiation deaths come out t 
be the same as the total from blast and heat 


Operation Square Leg __ 
In September 1980, several Britis 
government departments conducted an 
exercise, code-named Operation Squar 
Leg, as part of the NATO Crusader exi 
cise, to evaluate the effects of a nuclear 
attack on Britain. In this exercise, 1 
nuclear weapons with a total yield of abo: 
200 megatons were assumed to have beer 
exploded. We analysed the effects of fo 
of these bombs exploded on three targe 
all within the Greater London Counc 
(GLC) area but on its periphery. Three o 
the weapons were assumed to have 
detonated at ground level, namely. al 
Heathrow (1 Mt), Brentford (2 Mt) and 
Croydon (3 Mt). Heathrow was also sub. 
jected to a 2-Mt weapon detonated at 
height of 3.6 km, producing heat and bl 
casualties, but no local fall-out (Fig. 1). 
Out of the initial London populat: 
1.08 million deaths from blast and 0.27 
million from heat were subtracted before 
calculating the effects of radioactive fall- 
out. The atmospheric conditions were 
assuined to be the same as in the case of a 
single bomb. The calculation of radiation 
casualties was carried out, using the sam 
methods as described earlier, for LD so 
values of 4 and 8 Gy, protection factors of 1 
and 10 and exposure duration of 7 days. 
The calculated numbers of radiation 
fatalities are: at PF = 1, 3.75 and 3.26 
million for LD s values of 4 and 8 Gy. The 
corresponding values at PF = 10 are 1.91 
and 1.09 million. Again, the large absolute 
number of radiation deaths is noteable. 
Even though one of the four bombs did not 
contribute to the fall-out, the interpolated 
value of radiation fatalities at the typical 





Table 1 Radiation fatalities after 7-day exposure | 
(thousands) ; 


Protection factor 
LD sọ 1 § 10 20 
(gray) 
3 1,870 680 420 270 
4 1,580 550 340 210 
6 1,270 420 270 160 
8 1,050 340 210 140: 





The numbers in this 4 x 4 matrixi fita simple 


empirical formula: N = 4 x 106 (PD)~ 
where Nis the number of radiation deaths, Pthe 


protection factor and D the LD sọ value in gray. 
































Onditions (LD sy) = 4 Gy; PF = 5) is twice 
he number of deaths from the blast effect, 
Ithough the contribution from blast 
jould have been relatively larger if the 
entre of London had been a target. 

“A comparison with the number of 
atalities in the one-megaton case shows 
hat, per megaton, the effect of the 
ültiple explosions is less than for a single 
iomb. This is mainly due to the truncation 
of the contours at the GIC boundary. 
With the bombs being exploded near the 
peripheries, many radiation casualties 
rould occur outside the boundary, 
articularly at low values of the protection 
factor. For a PF of 10, when the relevant 
‘dose contours occur closer to the epicentre, 
he number of radiation fatalities 
approaches the theoretical value (6 times) 
found in the single bomb case. 


Radiation injuries 

Apart from radiation fatalities, we have 
also considered the group of casualties 
represented by people who received 
sublethal doses of radiation. Under 
peacetime conditions, these people would 
have been expected to survive, by 
‘definition. But in wartime there is likely to 
be a high mortality in the group. 

-° Exposure to sublethal doses gives rise to 
the prodromal syndrome characterized by 


Fig. 1 Dose contours for the GLC area in the Square Leg attack fora, PF = 10 and b, PF = 1. The 
umbers on the contours give the total dose, in gray, accumulated in the open after a 7-day 
xposure. The contours correspond to mortality levels of 90% and 10% for LD sọ values of 8 Gy 
solid lines) and 4 Gy (dash-dotted lines). The contours with dashed lines show the extent of 
radiation injuries as defined in the text. The shaded circles are the lethal areas for the blast effect. 


a number of gastrointestinal and 
neuromuscular effects. Some of the 
symptoms occur even at doses below 1 Gy, 
in a small proportion of people exposed. 
On the whole, a dose of 1 Gy may be 
considered the threshold for the prodromal 
syndrome. 

The main effect of sublethal exposure 
that may lead to death is the damage to the 
haemopoietic system. The dramatic 
reduction in the number of blood cells after 
such exposures is well documented. 
Increased susceptibility to respiratory 
infection has also been reported. In 
addition to the weakening of local 
defences, exposure to sublethal doses 
causes temporary breakdown of an 
organism’s general defences, leading to 
various types of bacteriocaemia and 
septicaemia. 

In the immediate aftermath of the war, 
there will be large numbers of people with 
mechanical injuries, fractures, lacerations 
and concussions from the blast effect, as 
well as burns of various degrees of severity 
from the heat wave and fires. In the 
absence of adequate medical care and 
medicaments, these people will depend for 
survival on their natural resources, and in 
particular on the effectiveness of their 
immune responses. But if these have been 
impaired by exposure to radiation, the 


chances of survival would be greatly 
reduced. 
Even people who have escaped injury or 
burns will be much at risk. Confined to 
indoor living, with little ventilation, 
extremely poor sanitary conditions and, 
probably, deprived of adequate food and 
drink, many people will develop bronchial 
or gastric disorders. The damage to their 
immune system, caused by exposure to 
radiation, would aggravate the situation 
and in many cases contribute to death. 


Conclusions 

For the reasons stated, exposure to 
sublethal doses should be considered as 
contributing to radiation fatalities, and the 
number of people exposed to doses above | 
Gy added to the toll of radiation casualties. 
By our definition, the total number of 
casualties, or of fatalities plus injuries, is 
constant for a given PF and independent 
of the LD x value. 

For a single bomb on London, this total 
comes to nearly 3 million for exposure in 
the open. Even with a protection factor of 
20, the total number of radiation casualties 
would be more than half a million, 
whatever the LD s value. In the Square Leg 
Exercise, total radiation casualties in the 
London area would be 4.5 and 3.1 million 
at the two PF values, but the great majority 
of people receiving sublethal doses in the 
open would be outside the GLC area. 

When extrapolated to an attack on the 
whole of Britain with 200 megatons, and 
assuming an average PF of 5, most of the 
survivors of the heat and blast effects are 
likely to be radiation casualties. 

In a recent article, Teller’ stated that 
the effects of fall-out have been over- 
estimated. Our calculations show that this 
is certainly not the case in relation to local 
fall-out. It is probably also not true in 
relation to the intermediate fall-out as 
appears from recent reports from the 
Livermore Laboratory®’. With the likely 
use of nuclear warheads in ground bursts 
on military targets, and the lower yields of 
modern weapons, both local and inter- 
mediate fall-out become of great 
consequence. C) 
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Big machines make big science — 


Britain’s problem, whether to pull out of high-energy physics, would be solved if there were a 
moratorium on machine-building. Astronomy is in the same case. 


Two or three months from now, the 
British research enterprise will have gone 
through its biggest upheaval since the 
Second World War. Then four successive 
governments (two Attlee, one Churchill 
and one Eden) allowed that the great war- 
time successes (radar, jet engines and even 
nuclear fission — not, in the end, very 
British) should be followed by deliberate 
support for research laboratories on a scale 
and in a manner different from the casual 
arrangements of the 1930s, when penicillin 
was discovered by accident and, by a 
similar kind of accident, almost let slip. 
There is much in the view that what is 
happening in Britain now is peculiarly 
British. But there is also something to be 
learned elsewhere from the present 
dilemma. 

Most civil research, certainly most acad- 
emic research, in Britain is paid for by the 
government, through the medium of four 
supposedly autonomous research councils. 
(There is a fifth, responsible for the social 
sciences.) Forty years ago, however, there 
was no mechanism for the support of 
academic research in general. The 
agricultural and medical research councils 

existed to encourage the application of 
science in their special fields, the natural 
environment research council had not been 
invented, the notion that university 
laboratories were an important source of 
innovation was acknowledged but not 
thought to require special intervention and 
the sole source of financial support for 
untied research was the Department of 
Scientific and Industrial Research, whose 
terms of reference were to make Britain 
prosperous. 

For many years after 1945, the chief 
sources of support for science were agencies 
not very different from those still 
supporting science in other places. The 
British Ministry of Supply, an early version 
of a defence procurement agency, founded 
both the post-war aircraft industry in 
Britain and also the atomic energy industry, 
creating in the process the nucleus of what 
has now become the high-energy physics 
community. In those days, the Royal 
Greenwich Observatory was supported by 
the Admiralty. 

In a curious way, the question now for 
decision by the research councils reopens 
the questions decided without much 
thought forty years ago, Now, the Science 
and Engineering Research Council, having 
been told firmly by the Treasury that it can 
look for no help this year in paying its sub- 





scription to CERN (the European Organ- 
ization for Nuclear Research), is being 
forced to ask whether Britain can continue 
spending some £70 million a year on high- 
energy physics. By the spring a decision 
whether or not to pull out at the end of this 
year will have had to be made. 

What should it be? Everybody agrees 
that this would be a rotten time for a coun- 
try such as Britain, with such traditions, to 
pull out of high-energy physics. For is it 
not exciting that the predictions of the 
electro-weak theory should have been con- 
firmed in the past year or so and that the 
prospect of further adventure in fields such 
as super-symmetry should have been open- 
ed? That Britain, in whose universities the 
whole field of nuclear physics was invented 
(principally by Rutherford, at Manchester 
and then Cambridge), should have to 
decide to have no more to do with it would 
be acutely galling. Even physicists who are 
not nuclear physicists, or scientists in 
general, agree that such an outcome would 
be a misfortune. Some, however, hold that 
following the line dictated by the affection 
would rob more orthodox fields of science 
of the support they need, and would reluc- 
tantly cut adrift from what sentiment 
dictates. 

It is less often remarked that there are 
other fields of scientific work in which 
much the same conditions apply. Britain 
has become an important contributor to in- 
ternational research in astronomy not 
because of natural advantages but for the 
opposite reason, by a kind of perverse in- 
sistence on doing well in spite of natural 
disadvantages. To be sure there is again a 
strong tradition, going back to Newton and 
Herschel, but more recently represented by 
theoreticians such as Eddington and Hoyle, 
of people who have been able to construct 
imaginative glimpses of what the Universe 
is like. Only in the late 1950s did British 
astronomy seek to compete observational- 
ly with, say the Californians. Only in the 
past few years, in Australia, Hawaii and, 
in due course, on Tenerife, has the com- 
petition showed signs of being successful. 

The two fields, high-energy physics and 
obervational astronomy, have much in 
common. In each of them, purpose-built 
instruments can be powerful stimulants of 
people’s curiosity. Indeed, an expensive in- 
strument may create an economic need that 
futher resources should. be spent, both on 
ancillary equipment and on training peo- 
ple, so as to win the full benefits of the 
original investment. This is the spirit, in the 


late 1960s, in which the British high-ener, 
physics community kept urging on anybod 
prepared to listen the need for further in- 
vestments beyond the cost of particle a 
celerators (at CERN but also domestical- 
ly). More recently, the astronomers have 
made the same case, more quietly. but as 
successfully; more than a third of Britis 
universities now teach astronomy. to 
graduate students, the others would: giv 
their eye-teeth to afford to do so. Th 
government which ultimately pays the bill 
regrets that more effort is not being spen 
on research to make industry competitiv 
In high-energy physics, it is often said 
that after the next machine is built, the time 
will have come to put high-energy physic 
on an international basis, with interest 
governments clubbing together to build a 
machine that none of them could separate 
afford. That way, the argument goes, it will 
be possible to maintain the momentum of. 
discovery in spite of the gigantic. cost. Bu 
in this field, as in astronomy, there is n 
compelling reason why the next discovet 
should be made tomorrow rather than, say 
the day after tomorrow. Or, more accurati 
ly, the urgency of the need to know precise- 
ly what symmetry groups govern the rela 
tionships between elementary particles, o: 
whether the distance-scale of the Univers 
corresponds to an age of 10,000 milli 
years or twice as much, is academic com 
pared with the need somehow to ensur 
that academics have the resources. wit 
which to answer questions of that. kind 
A few morals follow simply. First, it will 
of course be tragic for many people, bu 
also a break with honourable tradition, if 
British science has to retreat from high- 
energy physics, astronomy, either or both, 
But it may be necessary. And it should not 
be astronomers or high-energy physicists. 
who decide. Second, since there is already 
a sense in which these enterprises are inter- 
national, may it not be worthwhile 
negotiating not an international agreement 
for the common building of machines, but 
international agreements to limit invest- 
ment in fields where curiosity can be kept 
waiting? The trouble is that building 
machines, however expensive, has become 
too simple. The Large Space Telescope (see 
p. 337) will settle the issue of the distance- 
scale in a few days’ observation, and will 
then for twenty years consume the efforts 
of an army of astronomers, many not yet 
created. A moratorium on building other 
telescopes would be in the public interest: < 
John Maddox |. 

















































ngmuir-Blodge 


from R.H. Tredgold 


THE Langmuir—Blodgett technique has 
recently aroused considerable interest as a 
way of forming highly ordered monolayers 
and multilayers of amphiphilic molecules. 
With their paper on page 382 of this issue, 
J.R. Fryer, R.A. Hann and B.L. Eyres 
establish, for the first time, the structure 


echnique'. This represents a considerable 
fechnical feat and a milestone in an 
interesting history. 

Early work on Langmuir-Blodgett films 
was confined to fatty acids but recently 
films have been formed from a wide variety 
of materials including amphiphilic por- 
< phyrin derivatives and copolymers bearing 
both hydrophilic and hydrophobic side 
groups in regular alteration. It is possible 
to synthesize a variety of amphiphilic por- 
phyrin derivatives starting from naturally- 
occurring materials which have a built-in 
asymmetry but, because it is extremely dif- 
ficult to synthesize a pure asymmetric 
phthalocyanine, it has not been possible 
© produce an amphiphilic derivative. 
Remarkably, however, Fryer et al. have 
succeeded in forming a Langmuir-Blodgett 
monolayer from a symmetric phthalocyan- 
ine derivative. Although the layer spacing 
of Langmuir-Blodgett films can be found 
from low angle X-ray diffraction, it is 
uch more difficult to find the arrange- 
ment of molecules within a layer because 
some support is necessary and the sup- 
porting material is likely to confuse elec- 
tron diffraction patterns. Such thin films 
also have a tendency to overheat and disin- 
tegrate under the influence of an electron 
beam. It is thus all the more remarkable 
that the structure of a monolayer has now 
been established. 

“The history of the technique is also of 
considerable interest. ‘Spreading oil on 
troubled waters’ is a technique known since 
ancient times, and is referred to by Pliny 
the Elder. The first scientific study to be 
that of Benjamin 
Franklin’. In the early 1890s Agnes 
Pockels published two short papers in 
ure>* describing her studies of 
monolayers of various materials, including 
Stearic acid, spread on water. Considering 
that Agnes Pockels was limited in appar- 
atus to what was available in the family 
itchen, her achievements are truly remark- 
able. She established most of the basic tech- 
nology of what are now known, rather 
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f an organic monolayer formed by the- 


Organic monolayer imaged 


unfairly, as Langmuir films and obtained 
a value of about 2.3 nm for the length of 
a stearic acid molecule, in reasonable 
agreement with the actual value of 2.5 nm. 
In 1917, Langmuir published some of his 
experiments and in 1920 he described the 
transfer of a fatty acid monolayer to a solid 
substrate *, acknowledging Miss Katherine 
Blodgett ‘‘for carrying out most of the 
experimental work’’. In 1935, Katherine 
Blodgett published a lengthy paper ° 
describing the formation of multilayers and 
their characterization; such layers are now 


invariably known as Langmuir-Blodgett or 
LB films. The next significant development 
was the use of Langmuir-Blodgett films to 
study the interaction of dye molecules by 
Kuhn and his collaborators during the 
1960s and 1970s’. 

Subsequently, interest in Langmuir- 
Blodgett films has increased. Apart from 
their intrinsic scientific fascination, they 
have considerable technical potential in 
non-linear optical wave guides, high 
resolution electron beam resists, sensitive 
gas detectors and high efficiency solar 
diodes. Two special editions of Thin Solid 
Films®° devoted to this topic give a 
general idea of modern developments and 
interests, i 
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University of Lancaster, Lancaster LA] 4YB. 
UK. 





Neuronal development 


Serotonin-containing cell 
charged with growth cone arrests 


Jrom I.A. Meinertzhagen 


IF THE developmental neurobiologist 
would dare re-write Sherrington’s meta- 
phor for the brain as ‘‘an enchanted loom 
where millions of flashing shuttles weave 
a dissolving pattern” ', then the shuttles 
might very well be the growth cones, the 
motile organelles which spin out the tips of 
all growing neurites, so weaving the fabric 
of the developing nervous system. Know- 
ledge of factors which determine the course 
of these organelles or which influence the 
decisions they make during their progress 
is therefore essential to any understanding 
of the assembly of developing neural 
circuits. Recent studies, in vivo and in vitro, 
indicate the nature of some of these signals. 
Nerve growth factor (NGF)?, the surfaces 
of other cells? and of the extracellular 
matrix ‘4, and electric fields î have all been 
shown to have direct effects on growth 
cones. A recent report in Science puts 
forward neurotransmitters as the latest 
candidates for growth cone signals é. 
Individual identified adult neurones of 
the snail Helisoma, when cultured in vitro, 
form growth cones and extend neurites. 
P. G. Haydon et al. 6 report that serotonin 
(5-hydroxytryptamine) selectively inhibits 
the extension of exploratory filopodia from 
growth cones of the neurone known as cell 
19 in the buccal ganglion. As a conse- 
quence, outgrowth of neurites is arrested, 
an effect that is reversible. The action of 
serotonin is localized to the growth cone, 
as it can be produced by focal application 
from a micropipette placed on the surface 
of growth cones which have been isolated 
from their neurites. These results reveal for 
the first time that a substance hitherto 
known only as a neurotransmitter in the 
nervous system also has a morphogenetic 
action, in vitro at least. The only previously 








known chemotropic agent that directly in- 
fluences neurite extension at the growth 
cone is NGF, which increases filopodial 
exploration and accelerates the extension 
of neurites from dorsal root ganglion cells 
of embryonic chicks. These actions are 
accompanied by progressive turning of the 
growth cones toward the NGF source. 
Inhibition of growth cone motility by 
serotonin has implications for the for- 
mation of synapses between neurones. 
When a Helisoma buccal ganglion cell 5 is 
axotomized in situ, it grows extensive 
neurites”. It also develops stable electrical 
coupling with other cells 5 and transient 
coupling with other identified neurones. It 
does not, however, establish coupling with 
cell 19 and other buccal protractor motor 
neurones’. The coupling, presumably 
mediated by gap junction contacts, is found 
only after axotomy and not in the circuitry 
of the normal buccal ganglion. When indi- 
vidual neurones are isolated from the adult 
ganglion and placed in dispersed-cell 
culture, their behaviour resembles that 
following axotomy: they undergo neurite 
growth and become electrically coupled 8. 
In this case, however, cells 19 and 5 become 
coupled, apparently because they are con- 
currently producing neurites. When such 
neurones are added to an established cell 
culture, they may form elaborate co-exten- 
sive neurites with the older cells but never- 
theless fail to become coupled to them, 
suggesting that competence to couple elec- 
trically is a manifestation of simultaneous 
growth®. Haydon ef al.é reason that if 
serotonin inhibits such growth, it might 
also inhibit the appearance of coupling. 
They show that serotonin applied to a 
mixed culture of cells 19 and 5 both selec- 
tively inhibits neurite extension in cell 19 








“and prevents the establishment of the ex- 
pected coupling with cell 5. On the other 
hand, a pair of cells 5 in the same culture 
do become electrically coupled é. Thus, 
cell 5 is capable of establishing electrical 
coupling in the presence of 1076 M sero- 
tonin, whereas cell 19 is not. 

Clearly the importance of these findings 
depends upon the specificity of the chemo- 
trope’s action. Selectivity of cellular re- 
sponse has already been demonstrated, 
with cells 19 responding to serotonin at 
concentrations of 1077 M and cells 5 not 
responding at all to concentrations up to 
500-fold greater (5 x 10-5 M). Do other 
neurotransmitters have a similar action? If 
so, do they affect the same neurones; or is 
the growth of different neurone classes 
coded to respond to different neuro- 
transmitters? Answers to these questions 
are needed before such intriguing obser- 
vations can be said to reveal an action that 
is specific to either a class of cell or a type 
of neurotransmitter. 

But is serotonin really involved in 
neuronal development? Although the 
authors are curiously silent on this point, 
further light can be shed on the unwritten 
significance of their findings. On either side 
of the brain in various gastropod molluscs 
is a large, unique neurone which projects 
to the buccal ganglion and often contains 
serotonin. In Helisoma, this cell is known 
as Cl (ref. 9); its axon and terminals are 
the only structures in the buccal ganglion 
that react with antibody to serotonin 
(unpublished observatiotis cited in ref. 10). 
Electrical stimulation of C1 can initiate the 
buccal ganglion-generated feeding rhythm, 
an action that is mimicked by application 
of serotonin at 5x 10-7 M to the whole 
ganglion °, Granzow and Kater? have 
taken this to imply that serotonin is the 


Two 


putative neurotransmitter of Cl. 
pieces of unpublished evidence (J. 


Goldberg and S.B. Kater, personal 
communication) Suggest that this cell 
similarly is a source of serotonin during 
embryonic development. Firstly, the 
cytotoxic transmitter analogue 5,7-di- 
hydroxytryptamine, which acts selectively 
on serotoninergic neurones, temporarily 
depletes serotonin when applied to 
embryos. If it is used at a stage when cell 
19 is extending neurites, changes in the 
morphology of the adult cells 19 result, sug- 
gesting that these cells in the embryo 
respond to the same signals in vivo as do 
their adult counterparts in vitro. Secondly, 
immunocytochemical staining indicates 
that Cl is present and charged with trans- 
mitter at this same embryonic stage, indi- 
cating the possibility that C1 is the source 
of serotonin. If C1 is charged with sero- 
tonin at a time in embryonic development 
when the growth of cell 19 neurites is 
sensitive to it, all that remains to be demon- 
strated is that serotonin is actually released 
at both the time and the concentration 
necessary to achieve the desired morpho- 
genetic effect. This is a tall order, but who- 
ever fills it will write a new chapter in neural 
development. o 


1. Sherrington, C.S. Man on his Nature 2nd edn (Cambridge 
University Press, 1951). 

2. Gundersen, R. & Barrett, J. J. Cell Biol. 87, 546 (1980). 

3. Goodman, C.S. ef al. Science 228, 1271 (1984). 

4. Carbonetto, S. Trends Neurosci. 1, 382 (1984). 

5. Patel, N. & Poo, M.M. J. Neurosci. 2, 483 (1982). 

6. Haydon, P.G., McCobb, D.P. & Kater, S.B. Science 226, 
561 (1984). 

7. Bulloch, A. & Kater, S. J. Neurophysiol. 48, 569 (1982). 

8. Hadley, R.D. & Kater, S.B. J. Neurosci. 3, 924 (1983). 

9. Granzow, B. & Kater, S.B. Neuroscience 2, 1049 (1977), 

0. Trimble, D.L., Barker, D.L. & Bullard, B.J, J. Neurobiol. 
18, 27 (1984). 





1.A. Meinertzhagen is in the Life Sciences 
Centre, Dalhousie University, Halifax, Nova 
Scotia, Canada B3H 4J1. 





Geophysics 


Global sea level trends 


From J.E. Hansen 


GLOBAL sea level is rising but at a rate, 
of about 1-2 mm per year or 10-20 cm per 
century, that is difficult to measure accur- 
ately. Several mechanisms may contribute 
to the net increase but it is difficult to 
distinguish their individual contributions. 
These conclusions are emphasized by 
Barnett ' and in several other recently 
published papers. , 

Sea level trends are estimated from rec- 
ords of tide gauge stations, which are spread 
very inhomogeneously around global 
shorelines, The trends recorded at different 
stations range widely from an increase in 
sea level of one metre per century in Louis- 
iana to a fall of one metre per century in 
parts of Scandinavia. The largest trends 
result from vertical shoreline movements 
(caused by river delta sedimentation in 
Louisiana and post-glacial crustal uplift in 
Scandinavia), but many factors introduce 





local variability, including changes of ocean 
currents, ocean heat content, atmospheric 
pressure, atmospheric wind patterns, local 
vulcanism and tectonism. 

Some of the local factors are unimport- 
ant when averaged over a period of several 
decades; others can be identified at in- 
dividual recording stations, data from 
which can then be excluded from global 
analyses. Even so, Barnett stresses that the 
global estimate he obtains is still uncertain 
by at least 50 per cent, because variations 
of that size emerge from different ways of 
averaging over the globe. Barnett’s prin- 
cipal result — a 14 cm rise in global sea 
level in the past century and a rate of 23 
cm per century in the past 50 years — is 
consistent with the results of previous in- 
vestigators. This is not surprising because, 
as Barnett notes, most investigators have 
worked with essentially the same data set. 





Trends in sea level have practical sign 
icance. The current rise of approximately. 
30 cm per century along much of th 
US east coast, which is still subsiding 
cause of the flow of material in the Eart 
mantle towards the Hudson Bay region 
post-glacial rebound, leads shoreline geo! 
ogists and engineers to recommend agains 
a strategy of installing stabilization struc. 
tures to.arrest the erosion of beaches, Th 
rising sea level, combined with -natul 
shoreline fluctuations and often with ero: 
sion caused by the ‘stabilization’ structures, | 
is making it essential for coastal planners 
to take into account a shifting and generally: 
retreating shoreline. Present sea level trends 
have an even more dramatic effect in Loui 
siana, where a single county (Terrebonn 
Parish) is losing 20 km? (6,000 acres) o 
land per year to the encroaching sea. 

But the main reason for the growing 
interest in sea level? is the concern tha 
global warming, due to increasing atmos 
pheric CO, and trace gases, may lead: 
partial disintegration of the polar i ice sheet 
and a subsequent large increase in the ra 
of rise in sea level. If entirely melted, the 
West Antarctic ice sheet, thought to be th 
most vulnerable since it rests on bedrock 
well below sea level, would raise global sea 
level by about 6 m. Greenland contains 
similar amount of ice and East Antarctica 
has an order of magnitude more. Glaci- 
Ologists estimate that West Antarctica 
could conceivably disintegrate in a time as 
brief as 200-500 years?4. Even without 
any net melting from the other ice sheets, 
such a fast response would have | enormous 
practical impact, with the sea level on 
almost all coastlines rising at a mean rate 
of one metre or more per century. 

Does the current increase in global sea 
level of 10-20 cm per century mean that the 
ice sheets have aready begun to disinteg- 
rate? No. First of all, part of the rise pro- 
bably results from the continuing influence 
of post-glacial isostatic disequilibrium ** 
the high viscosity of the Earth’s mantle im- 
plying that coastline elevations are still ad- 
justing to the shift of water mass from con- 
tinent to ocean which occurred with. the 
melting of Wiirm-Wisconsin ice in the Nor- 
thern Hemisphere. Models for crustal 
deformation ° suggest that this could ac- 
count for a rise of 2-5 cm per century, 

Thus, of the nominal 14 cm rise in sea 
level per century reported by Barnett}, 
only about 10 cm is due to an increase i 
ocean water volume. Gornitz ef al. 7 
estimate that a rise of 3-6 cm may be due 
to thermal expansion of ocean water in 
response to the 0:5°C global surface warm- 
ing of the past century ê. This warming is 
probably also responsible for the mean 
retreat of mountain glaciers in the past cen- 
tury, which Meier ° estimates to contribute 
an additional rise in sea level of 2-5 cm. 

In view of the large recorded variations 
in sea level rises and in view of several other - 
processes (such as ground water discharge 
and dam construction) which could account 
for changes in ocean water volume of 1-3 





































































century, we can conclude only that 
lar ice sheets must have been in approx- 
imate mass balance (+10 cm of sea level) 
during the past century. This conclusion 
does not reduce the importance of under- 
tanding the mass balance of ice sheets, 
+hich is essential if we are to anticipate the 
ffects of sea level of the ‘greenhouse’ war- 
ning predicated for coming decades. The 
‘act that thermal expansion of ocean water 
nd the retreat of mountain glaciers con- 
tributes significantly to sea level rise will 
make any future disintegration of ice sheets 
all the more important. 

The task of analysing sea level and its 
relation to climate trends is a good exam- 
ple of an emerging class of ‘global habit- 
_ability’ problems that many scientists ex- 
pect to become increasingly important as 
‘man’s impact on the global environment 
‘continues to grow. The scientific challenge 
¿is to develop a quantitative understanding 
of environmental changes. This requires us 
first to distinguish long-term trends, both 
man-made and natural, from short-term 
fluctuations. To meet this challenge will re- 
“quire the definition, implementation and 
maintenance of observation programmes 
on the time scale of decades. 

` Progress in understanding the relation 
between sea level and climate will depend 
specially on accurate monitoring of the 
olume of the major ice sheets. This could 


Neurobiology 


from Charles F. Stevens 


ON PAGE 364 of this issue, the Kyoto lab- 
oratory of S. Numa reports another drama- 
tic contribution to understanding the 
molecular basis of neurotransmission. By 
-the technique of site-directed mutagenesis 
{which I have briefly explained in Trends 
in Neurosciences. 1, 306; 1984), Mashina 
t al. have made deliberate alterations in 
the structure of one of the subunits of the 
acetylcholine receptor (AChR) to test the 
functions of its parts. As usual, Numa’s 
laboratory has done it grandly: two and a 
half dozen deletions and substitutions have 
been made and their effects analyzed. 
First, some background. The AChR is 
one of several integral membrane proteins 
that are responsible for the electrical 
“activity of the nervous system. Each of the 
| proteins forms a channel that is selectively 
< permeable to ions; the job of AChR is to 
transduce the signals delivered by acetyl- 
choline (released from a presynaptic nerve 
terminal) into increased cation permeability 
< of the postsynaptic membrane, in which the 
receptor molecules are embedded. The 
receptor is composed of four different 
= membrane-spanning subunits (alpha, beta, 
gamma, and delta); a single AChR contains 
two copies. of alpha, the subunit that binds 





be achieved with precise satellite altimetry 
using existing technology '°!', the chief 
requirement being a polar-orbiting plat- 
form. Measurement of the thermal expan- 
sion of ocean water will require repeated 
hydrographic sections of the major ocean 
basins, necessitating regular cruises to 
monitor the ocean’s temperatures, density 
and salinity structure. It should also be 
possible to determine net sea-level trends 
more accurately by means of additional 
well-chosen tide stations, mainly in the 
Southern Hemisphere. a 
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Molecular tinkerings that 
tailor the acetylcholine receptor 


acetylcholine, and one copy each of the 
others. Although each subunit type has a 
distinct amino acid sequence and is coded 
by a separate gene, they all share the basic 
structure that is illustrated for alpha in the 
bottom section of the figure. The amino- 
terminal half of the receptor is 
extracellular. The carboxy-terminal half, 
according to the models of Finer-Moore 
and Stroud (Proc. natn. Acad. Sci. U.S.A. 
81, 155; 1984) and Guy (Biophys. J. 45, 
249; 1984) passes five times across the 
membrane. Four of these membrane- 
spanning segments (denoted M1 to M4 in 
the figure) are hydrophobic, and one (MA) 
is amphipathic; that is, it has charged side 
chains of amino acids displayed along one 
face with the other faces being hydro- 
phobic, Both models postulate that each of 
the five subunits contributes an amphi- 
pathic helix to form the charge-lined walls 
of a water-filied pore through which ions 
pass. The hydrophobic helices are packed 
around this pore to stabilize the structure. 

The alpha subunit has a binding site for 
acetylcholine that Karlin’s laboratory (Kao, 
P.N. et al. J. biol. Chem. 259, 11662; 1984) 
has recently shown to be near a particular 
cysteine (C192) that participates in a disul- 











“phide bond with one of the ot er three 


cysteines in the extracellular portion of the 
protein. It also has a single site for N- 
glycosylation at asparagine 141 (N141). 

For AChR to transduce the acetylcholine 
signal into the response of increased cation 
permeability, it employs three functions: 
acetylcholine binding, gating (that is, 
opening the door that covers the pore), and 
ion permeation and selectivity (that is, the 
flow of certain cations like sodium, but not 
anions, through the pore). These three 
functions are well studied physiologically, 
but it has not been known how they arise 
from the molecular structure of the re- 
ceptor. The accomplishment of Mashina et 
al. is to provide, at least in a preliminary 
way, an assignment of these functions to 
specific regions of the alpha subunit of 
AChR. After site-directed mutagenesis, the 
altered alpha subunit cDNA was used to 
make a corresponding mRNA, which was 
injected into frog oocytes together with 
normal mRNAs for the other three subunit 
types. The injected oocytes synthesize and 
assemble AChR, which is inserted into the 
surface membrane of the oocyte where its 
function can be studied. For each 
alteration, some of which deleted regions 
of the alpha subunit and some of which 
substituted one amino acid for another, the 
total amount of modified AChR made by 
the oocyte was determined with antibodies. 
In addition, the function of the AChR was 
assessed by measuring both the binding of 
ligands specific to the acetylcholine binding 
site (e- bungarotoxin and carbamyl choline) 
and gating combined with permeation in 
terms of the current flow produced by 
acetylcholine application. 

As illustrated in the figure, various dele- 
tions were made in each of the five postu- 
lated membrane-spanning regions and in 
the cytoplasmic region between MA and 
M4; furthermore, each of the five cysteines 
of the subunit was separately replaced by 
a serine, and aspartic acid was substituted 
for an asparagine (N141). Most of the 
results fall into one of three categories: no 
effect observed (N in the figure); binding 
still intact but no gating or permeation (P); 
neither binding nor permeation functions 
intact (B). In some instances, decreased 
quantities of protein are detected, probably 
because one or more subunits fail to fold 
and assemble. The antibody-detection 
methods used cannot distinguish between 
cytoplasmic subunits and those displayed 
on the cell surface. In general, the findings 
support the models published by Finer- 
Moore and Stroud and by Guy for the 
membrane-spanning portions (although 
there may be a difficulty interpreting one 
large MA deletion) and are consistent with 
the location of the acetylcholine-binding 
site near C192 as suggested by Kao ef al. 
Particularly noteworthy is the observation 
that eliminating the N-glycosylation site at 
N141 seems to disrupt the assembly and 
possibly the function of the AChR. The 
profound effects of replacing any of the 
four extracellular cysteines by a serine are 
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Two.schemes of the structure of the alpha subunit of the acetylcholine receptor in a membrane. 





On the top left it is shown forming an ion channel. The larger scheme illustrates the disposition 
of parts of the protein chain relative to the membrane, and the positions and effects of a variety 
of deliberate amino-acid substitutions or deletions. Labelling is explained in the text. 


also particularly striking. 

Now what must be done? The analysis 
will have to be extended to provide a more 
complete explication of structure/ 
function relations. In particular, the exam- 
ination of effects will have to go beyond 
the mostly ‘yes—no’ approach of this initial 
investigation and define, at the level of 
single channel recording, the effects of the 
various. modifications and their impli- 
cations. Detailed biophysical studies will be 
required to discover the changes in binding, 


gating, permeation and selectivity that 
result from the modifications, and to 
account quantitatively for these effects in 
terms of molecular events. Much remains 
to be done before we have a complete 
molecular explanation for electrical excit- 
ability, but the Numa laboratory has made 
an exciting start and pointed the way for 


future investigations. E 


Charles F. Stevens is in the Section of Molecular 
Neurobiology, Yale University School of 
Medicine, New Haven, Conneticut 06510, USA. 





Immunology 


Lymphokines and interleukins 
emerge from the primeval soup 


from Marc Feldmann 


AT THE the. fourth Lymphokine Work- 
shop, held at Schloss Elmau, Germany, on 
the 17-20 October 1984, reports of the 
cloning and: expression of cDNAs for 
several lymphokines made it clear that an 
era of ill-defined research is being replaced 
by one of elegant cell and molecular bio- 
logy. The associated prospects for clinical 
application are having a magnetic attrac- 
tion for bioengineering and pharmaceutical 
companies, representatives of which 
accounted for almost half of the audience. 

Over the past 20 years, there have been 
many reports of potent biological activities 
in the supernatants of activated lymphoid 
cells. The term lymphokine was coined to 
denote those soluble supernatant factors 
that were not specific for antigen and were 
thought to be important in, for example, 
delayed-type hypersensitivity '. Depending 
on the bioassay used, many seemingly 
different lymphokines were described, each 





with its own particular acronym but not 
necessarily with a separate identity. This 
area of research had a messy, and at times 
unsavoury, aura for traditional immun- 
ologists. Clearly, purification of the 
molecules was going to be of prime impor- 
tance to permit correlation of molecular 
properties with biological function. By 
1979, at the second Lymphokine 
Workshop, there was sufficient confidence 
in two molecules to call them interleukins 
— messengers between leucocytes — with 
interleukin-1 (IL-1) being a macrophage- 
derived protein involved in T-cell and B- 
cell activation, and interleukin-2 being the 
T-cell derived glycoprotein formerly known 
as T-cell growth factor 2. Even so, many 
were dubious at the wisdom of this new 
classification, doubting whether either IL-1 
or IL-2 were single molecules ?. 

Since the cloning and expression of the 
first lymphokine gene (that of y- 

















interferon 4) in 1982, several 
have followed, permitting an analysis 
functions of unambiguous molecules. An 
all of a sudden, the huge list of reported 
lymphokines has began to shrink. For 
example, the ‘la-inducing factor’ 

‘macrophage-activation factor’, and a 
cell differentiating factor have ‘all turn 
out to be the same as y-interferon. At the 
workshop, P. Gray and D. Goed 
(Genentech) reported the first cDNA 
cloning of human lymphotoxin’ and 
tumour necrosis factor, two closely 
related lymphokines, The former is derived 
from lymphocytes, the latter from macro+ 
phages; both kill tumour cells in experi- 
mental systems and so have potential in. 
tumour therapy (see ref.9). 

A report of the cDNA cloning of human 
IL-1, presented by P. Auron (working 
with C. Dinarello, Tufts University), in the 
closing stages of the workshop, drew atten- 
tion to the tension between bioengineering 
companies and academic researchers. 
Auron refused to show the IL-1 sequence 
unless company observers refrained from 
photographing it. T. Taniguchi (Osaka 
University) pointed out that in the 2~3 
minutes the sequence was discussed, he 
could have written down 100 bases, more 
than enough to fish out the cDNA from.an 
appropriate library. The human IL-1 
cDNA, of 1,580 bases, was obtained from 
endotoxin-stimulated monocytes, and en- 
codes a protein of 269 amino acids and 
relative molecular mass (M,) 35 ,000 
(35K) ©. The protein is precipitated by 
Dinarello’ s antiserum to endogenous 
pyrogen and precipitation of the pyroget 
is inhibited by purified IL-1 of 17K, but the 
biological activity of the protein is too low 
to be detected in the usual thymocyte assay. 
Auron claims that his human IL-1 is similar 
to the murine IL-1 of Lomedico et al.” 
which encodes a 33K protein of 270 amino 
acids. Lomedico et a/. have shown that the 
usual 17K IL-1 is the carboxyterminus of 
the 33K precursor, and that the carbox 
terminal 156-amino acid fragment has very 
high. biological activity. Interesting! 
neither human nor murine IL-1 has a 
classical signal peptide. 

Part of the interest in the availability of 
‘recombinant’ IL-1 resides in the need to 
know whether the multiple effects on diff- 
erent tissues (with some relationship to dis- 
ease '*) that have been reported for the. 
substances are due to a single entity or a 
family of related molecules. The report of- 
a monoclonal antibody to IL-1 (A. Kock: 
and T. Luger, Vienna) may further facili-. 
tate biological and biochemical studies of 
IL-1 activities and the development of | 
new assays. 

Once more the question of whether there: 
are macrophage-activating factors apait 
from y-interferon was widely discussed. 
The consensus was that other factors 
do exist, and M. Lohmann-Matthes: 
(Hannover) reported the separation of a. 
candidate from human y-interferon in 
terms of both its chromatofocusing pH and 











































































































































its activity on mouse macrophages. 
~The clinical applications of interferon 
were reviewed by T. Merigan (Stanford 
University) and R. Oldham (Tennessee). 
The effectiveness of a- and B-interferons in 
both severe local and systemic viral infec- 
tions, especially in immunosuppressed 
patients, seems established and clinical 
trials are well advanced. Their effects on 
cancer are less well established, although 
Oldham made the point that in phase I and 
JI trials a-interferon has performed much 
better than the cytotoxic drugs currently in 
inical use for cancer. The effects of a- 
tterferon vary dramatically in different 
‘ancers, with a reasonable frequency of 
responders in nodular (non-Hodgkin’s) 
mphoma, renal cell carcinoma, Kaposi’s 
sarcoma and melanoma. The consensus 
view was that the clinical effects are due 
to the antiproliferative effect of interferon 
rather than its immunoregulatory effects. 
Because of the paramount importance 
of IL-2 in T-cell growth and regulation 
there was interest in the three reports 
of the cloning of murine IL-2, by 
T. Taniguchi ®, W. Fiers (University of 
Ghent) and T. Mosmann'* (DNAX 
Research Institute). A minor degree of 
amino acid polymorphism was reported. 
The presence of twelve glutamines in a row 
in murine IL-2 may account for the well- 
known observations that while human IL-2 
acts on mouse cells, mouse IL-2 does not 
act on human cells. 

The availability of ‘recombinant’ human 
IL-2 in large quantities has allowed it to be 
tested in vivo. M. Lotze (National Institutes 
of Health) reported that 2 mg of IL-2 (given 
either as an intravenous bolus or by 
continuous infusion to compensate for its 


Immune diseases 


from Gordon Duff 


ADVANCES in interleukin-1 (IL-1) biology, 
many of which were discussed at a recent 
workshop’, raise the prospect of a better 
understanding of inflammatory and 
mune-mediated tissue damage, such as 
occurs in rheumatic diseases. Several 
cytokines with descriptive names are now 
thought to be members of the IL-1 group of 
molecules (see Dinarello, C.A. Rev. infect. 
Dis. 6, 51; 1984). These include 
endogenous pyrogen (EP), lymphocyte- 
activating factor (LAF), leukocytic 
endogenous mediator (LEM), 
mononuclear cell factor (MCF), synovial 
factor (SF), catabolin, proteolysis- 
inducing factor (PIF) and epidermal cell- 
derived thymocyte-activating factor 
(ETAF). 

Some confusion has existed over the 
molecular characteristics of IL-1 poly- 


*The first ‘international Workshop on Interieukin-1’, Grays, 
‘Essex, 24-25 November 1984 was organized by the British 
Society for Rheumatology. The proceedings will be in the May 
1985 supplement to the British Journal of Rheumatology. 


‘short half. 


profoun 
leading to a transient decrease in T-cells and 
increase in monocytes, marked and long- 
lasting eosinophilia and marked gain in 
weight. These phase I studies precede a 
prospective trial of IL-2 in cancer patients, 
based on its beneficial effect on metastatic 
tumours in mice. 

It is evident that, in this field, the impact 
of molecular biological techniques and 
bioengineering companies has been pro- 
found. In a few years, many of the most 
interesting mediators have been cloned and 
expressed in quantities sufficient not only 
to permit clinical trials, but also to perform 
definitive biological and pharmacological 
studies using defined and pure molecules. 
It is too early to determine whether the 
clinical prospects of such sledgehammer 
agents as the interleukins and interferons 
are very bright, but the cloning of their 
genes will greatly enhance our knowledge 
of their function and regulation in both 
health and disease. g 
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Marc Feldmann is in the Department of Zoology, 
University College London, London WCIE 
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Many roles for interleukin-1 


peptides but it is clear that human mono- 
cyte IL-1 occurs in two sizes of M, 15 K 
and 35 K. Each gives two peaks on 
chromatofocussing (with pis of about 5 
and 7) making at least four distinct 
molecular species. Whether these are 
produced by different genes or from a 
single gene product processed in different 
ways is not known yet. Larger molecules, 
of greater than 50 K with some IL-1 acti- 
vities, may either be polymers of the 15 K 
molecule or complexes of this molecule 
with carrier protein (P. Murphey, Johns 
Hopkins); smaller molecules (2 K, 4 K) 
found in human urine and with thymocyte- 
activating properties but no pyrogenic 
activity are probably fragments of 15 K 
IL-1 lacking the full complement of active 
sites (E. Kimball, Ayerst Laboratories). 
Pig IL-1 (catabolin) has a pI of 5 and seems 
antigenically related to the acidic form of 
human IL-1 (J. Saklatvala, Strangeways, 
Cambridge). C.A. Dinarello (Tufts) 





| reported the use of IL-1 cDNA clones as 


probes to characterize and isolate human 
monocyte IL-1 mRNA which, after 
translation, gave a 35 K polypeptide 
thought to be a precursor of biologically 
active IL-1. It seems that the duration and 
type of stimulus may influence the 
expression of mRNA for different 
MCF/IL-1 activities, some of which 
remain in the cell while others are secreted 
(J.-M. Dayer, University of Geneva). J. 
van Damme (University of Leuven, Ghent) 
described part of the sequence of a peptide 
that stimulates } -interferon production and 
also has several IL-1 activities, suggesting 
that interferon induction may be yet 
another property of the IL-1 family. 

Mononuclear phagocytes are considered 
the predominant source of IL-1 but it is 
clear that it (or a similar mediator) can also 
be produced by other cell types, including 
epidermal cells (the source of ETAF), renal 
mesangial cells, astrocytes, skin Langerhan 
cells and, in some circumstances, B-cells. 
At the workshop, it was reported that IL-1 
is present in brain cells of rats with 
experimental allergic encephalitis and of 
mice treated with intraperitoneal lipo- 
polysaccharide (A. Fontana, University of 
Zurich). Dendritic cells from synovial 
tissue of patients with rheumatoid arthritis 
also produce IL-1. Direct stimuli for its 
production include many microbial 
products or their analogues. Vitamin D, 
and lymphokines, such as y-interferon, 
can augment this process and hypoxia may 
stimulate IL-1-producing cells in the lung. 
The use of cell lines such as macrophage- 
related U937 (human), P388D1 (murine) 
and human squamous cell carcinoma 
should be helpful in determining the 
factors governing IL-1 production, and 
establishing the relevance of reports that 
different stimuli result in the appearance of 
biologically-distinct forms of IL-1. 

In connective tissue cells, catabolin and 
MCF seem mostly to promote catabolism 
of structural protein and matrix by 
stimulation of proteolytic enzymes and 
prostaglandins, but with concomitant 
reduction of collagen and proteoglycan 
synthesis (Saklatvala; R.G. Russell, 
University of Sheffield). Fibroblasts pro- 
duce prostaglandin E in response to IL-1, 
and though IL-1 may promote fibroblast 
proliferation, other macrophage-derived 
growth factors probably contribute to this 
(S.J. Leibovich, North Western University 
Chicago). It was reported that, in response 
to IL-1, bone osteoblasts proliferate and 
generate a short-range signal for osteoclast 
activation. While IL-1 seems to be distinct 
from osteoclast activating factor (a 
lymphokine), a circulating 4K inducer of 
muscle proteolysis (PIF) is probably a 
stable fragment of IL-1. 

in the immune system, the relations 
between antigen presentation, the expres- 
sion of class I] major histocompatibility 
antigens and IL-1, led S.K. Durum (NCI, 
Frederick) and Y. Ron (Scripps Institute, 
La Jolla) to suggest that surface IA 





molecules participate in the pathway 
leading to IL-1 release — possibly by acting 
as receptors for activating signals. E. 
Atkins (Yale), who previously described 
lymphocyte-mediated IL-1 production in 
delayed-type hypersensitivity, provided 
evidence of cell-mediated suppression of 
this IL-1 release in desensitized animals. 
That IL-1 itself may have a major effect on 
the balance between positive immunity and 
suppression was raised by D. Green (Yale). 

As a stimulator of the acute phase 
response, it seems that brain-mediated, as 
well as direct hepatic effects, of IL-1 may 
be important. Patients with rheumatic 
diseases show varying acute phase 
responses to different stimuli and disease 
activity may influence IL-1 responsiveness. 
In active rheumatoid arthritis, the high 
levels of synovial fluid IL-1, the 
characteristic features of cartilage 
destruction, synovial proliferation, 
adjacent osteopenia and muscle wasting, 
and the systemic changes of acute phase 
response, lymphocyte activation and fever, 
suggest that over-production of IL-1 might 
be a key pathogenic factor. In both 
rheumatoid arthritis and adjuvant arthritis 
there is also disordered IL-2 production 
and/or responsiveness. Since crystals 
such as monosodium urate induce the 








is also likely to contribute to the 
inflammatory response in diseases such as 
gout. On the positive side, pretreatment of 
immunocompromized (protein-starved) 
guinea pigs with IL-1 leads to a marked 
increase in host defence against gram- 
negative bacteria (L. Moldawer, Harvard 
University, Boston). 

That IL-1 may have a role in normal 
physiology is indicated by the finding that 
it can be detected in the plasma of healthy 
women and that levels vary with the 
menstrual cycle (J. Cannon, Tufts 
University Boston). So IL-1 appears to bea 
family of related peptides with local and 
distant actions on many different tissues. 
Dysregulation of IL-1 production and its 
effects may contribute to the pathology of 
several types of disease. The analogy to a 
hormone serving host defence and the 
maintenance of tissue integrity is attractive 
but, as yet, speculative. With the DNA 
cloning of some IL-1 activites and the 
prospect of ‘recombinant’ IL-Is, this field 
holds much future promise for both 
biologists and clinicians. g 





Gordon Duff is in the Rheumatic Diseases Unit, 
Northern General Hospital, Edinburgh EH5 
2DQ UK. 





Genetic engineering 


Eukaryotic proteins retargetted 
among cell compartments 


from John Ellis 


UNLIKE bacteria, the cells of plants and 
animals are subdivided into many mem- 
brane-enclosed compartments, such as the 
nucleus, mitochondria and chloroplasts. 
Each compartment contains its own charac- 
teristic complement of proteins which 
enables that compartment to carry out its 
metabolic roles. With the exception of a 
small number of proteins in chloroplasts 
and mitochondria; all the proteins of com- 
partments are synthesized on the ribosomes 
of the cell cytosol, and so have to be trans- 
ported across one or more membranes to 
their specific destination. It follows that 
there must be targetting information within 
each protein. One way to uncover this 
information is to follow the intracellular 
fate of chimaeric proteins composed of 
parts of two proteins that reside in different 
compartments. On page 358 of this issue 
Van den Broeck et al/.'report the first use 
of this approach to insert a foreign protein 
into chloroplasts, while a spate of recent 
papers describes the insertion of foreign 
proteins into other compartments — the 
nucleus, the mitochondrion and the endo- 
plasmic reticulum. The ability to retarget 
proteins into subcellular compartments is 
an exciting development since it opens up 
a large range of possibilities for the 
genetic engineer. 





Most transported proteins are synthe- 
sized with an extra sequence of amino acid 
residues at their amino terminus; this exten- 
sion, or prepiece, is essential for correct tar- 
getting, and is removed enzymatically once 
transport into the target compartment has 
been initiated?>. In leaves of the pea plant 
(Pisum sativum) the small subunit of the 
CO,-fixing enzyme, ribulose-1,5-bisphos- 
phate carboxylase-oxygenase, is synthesized 
by cytosolic ribosomes as a precursor with 
a 57 amino-acid prepiece; after its release 
from the ribosome, the precursor form is 
transported across the chloroplast envelope 
into the stromal compartment. How this 
transport takes place is not known, but it 
is prevented if the prepiece is removed. But 
does the prepiece contain all the informa- 
tion that is necessary to target the enzyme 
to the chloroplast? To answer that 
question, Van den Broeck et al. have fused 
the DNA coding for the prepiece to the 
structural gene for neomycin phosphot- 
ransferase, an enzyme of the cytosol of bac- 
terial cells that confers resistance to 
antibiotics, such as neomycin and kana- 
mycin, by adding phosphate groups to 
them. With the aid of the Agrobacterium 
transformation system, the chimaeric gene 
was inserted into the cells of tobacco stems. 
The resulting transformed cells yielded 
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calli that grow in the presence of kanam: 
cin and contain neomycin phosphotran 
ferase. The critical observation is that this 
enzyme is present in soluble form insid 
intact chloroplasts isolated from the call 
however, when the DNA sequence encod: 
ing the prepiece is omitted from thi 
chimaeric gene, the enzyme is found in th 
cytosolic fraction of the calli. In oth 
words, the addition of a prepiece from 
protein that normally enters chloroplast 
sufficient to cause a cytosolic protein t 
enter the chloroplast compartment. 
Similar experiments using chimae 
genes inserted into animal and yeast cell 
have shown that it is possible to retarg 
proteins into three other compartments: th 
nucleus, the mitochondrion and the endo 
plasmic reticulum. The underlying assump: 
tion of all these experiments is that loca 
tional information resides within discrete. 
amino-acid sequences that occur. eithe 
within the prepiece or, in some cases 
within the mature protein. A furthe 
assumption is that these sequences posses 
a degree of autonomy, so that sequence 
on either side of them are not critical for 
their targetting function. a 
A wide range of nuclear proteins will 
migrate into the nucleus when micro 
injected into the cytoplasm of animal cells 
suggesting that these mature proteins con 
tain locational information*. Fusion of th 
amino-terminal sequence of a presumptiv 
nuclear protein of yeast to the bacteria 
enzyme f-galactosidase results in th 
accumulation of the enzyme in the nuch 
of yeast cells *. In cultured monkey cell 
infected with the virus SV40, the. vir: 
protein, large-T antigen, accumulates in th 
nucleus as a result of a sequence of about. 
seven amino acids that includes a critical. 
lysine residue at position 128. Attachment 
of regions containing this sequence to the. 
amino termini of the cytoslic enzymes f- 
galactosidase and pyruvate kinase is suffic 
ent to cause them to accumulate. in. th 
nucleus, as judged by immunofluores. 
cence ®, Replacement of lysine 128 b 
threonine is sufficient to prevent their nuc 
lear accumulation. Similarly, a fusion pr 
tein consisting of a specific portion of th 
influenza virus nucleoprotein joined to. 
globin has been shown to accumulate in the 
nuclei of Xenopus oocytes’. In this: 
experiment, the nuclear and cytosolic com- 
partments were physically separated so that 
pulse-chase experiments could be carried. 
out, to rule out the possibility that the. 
observed distribution of the chimaeric pro- 
teins is due to preferential degradation in 
one of the compartments. In addition, 
manual removal of the nuclear envelope 
has definitively localized the chimaeric pro- 
tein within the nucleoplasm (A. Colman, 
personal communication). ` ° 
Two cytosolic enzymes have been retarg-. 
etted to yeast mitochondria by the addi- 
tion to their amino termini of sequences 
derived from imported mitochondrial pro- 
teins. In one case, the attachment of the 350 
amino-terminal amino acid residues of the 


























































sacterial Apalaciociteae results in the pres- 
ence of B-galactosidase in the mitochondria 
of yeast cells transformed with the chim- 
aeric gene; the enzyme activity is resistant 
o added protease®. In a similar approach, 

he addition of 61 amino-terminal residues 
of a protein of the outer mitochondrial 
membrane to the amino terminus of the 
ame B-galactosidase fragment has been 
shown to be sufficient to bind the f- 
galactosidase to that membrane’; in this 
case the enzyme is susceptible to added pro 
tease.’ The most impressive result: is the 
ransport of the mouse cytosolic enzyme 
dihydrofolate reductase into isolated yeast 
mitochondria when 22 of the 25 amino acid 
residues of the prepiece of cytochrome oxi- 
dase subunit IV are fused to the amino ter- 
miinus of the reductase!®. The fusion prot- 
eins transported across both mitochondrial 
embranes in the matrix space. In more 
recent experiments it has been shown that 
he first 15 amino acid residues of the pre- 
piece are sufficient for retargetting (G. 
Schatz, personal communication). All these 
experiments indicate that the carboxy- 
‘erminal sequences of imported mitochon- 
drial proteins are not required for correct 
argetting; some portion of the amino- 
terminal sequence is all that is required. 

Other experiments have shown that it is 
possible to redirect globin from the 
ytoplasm into the endoplasmic reticulum, 
both in vivo |! and in vitro !?, by fusing it 
with appropriate sequences from secreted 


Atmospheric chemistry 


‘from S.A. Penkett 


‘TOGETHER with a greater understanding of 
chemical phenomena in the lower, atmos- 
phere, the past decade has brought predic- 
ions of a series of potential anthropogenic 
_ catastrophies, such as the greenhouse effect 
and a nuclear winter. To try and rationalize 
this situation and to provide a solid basis 
of fact, a panel of the US National 
Academy of Sciences (NAS), chaired by 
R:A. Duce, has recently advocated a large 
international éffort in basic atmospheric 
science, concentrating on the troposphere. 
The. programme will be led by the US 
National Science Founation (NSF), 
National. Aeronautic and Space Admini- 
ration and National Oceanic. and Atmos- 
pheric Administration. The proposals are 
published in a report entitled Global 
< Tropospheric Chemistry: A Plan of Action 
(National Academy, Washington D.C. 
1984). As well as outlining the need for a 
_ programme and proposing specific large- 
-scale experiments in the atmosphere, the 
report presents an almost encyclopaedic 
synopsis of existing knowledge, sufficient 
ō- form the basis for an advanced 
university course in atmospheric chemistry. 


proteins. Of particular interest is the iden- 
tification of the locational signal in the sec- 
reted protein ovalbumin, which has no pre- 
piece, as residing in amino acid residues 
22-41; attachment of this sequence to the 
amino terminus of chimpanzee a-globin 
results in the sequestering of the fused 
protein in the endoplasmic reticulum of 
Xenopus oocytes !!. 

Future work will determine how far these 
exciting observations can be extended to 
other locational sequences and to other 
cytosolic proteins. This ability to retarget 
proteins will not only stimulate more 
incisive experiments on the mechanism of 
protein transport, but also will allow the 
directed genetic modification of metabolic 
pathways in the subcellular compartments 
of eukaryotic cells. o 
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US plans for increased research 


Tropospheric chemistry deals with the 
chemical cycling of many nutrient elements 
that are essential for biological activity. It 
therefore becomes a study of the pathways 
of many minor constituents through the 
atmosphere and draws its format from 
other earth sciences, such as geochemistry 
and hydrology. A typical cycle is made up 
of many individual processes. It begins 
when gases in various chemical forms are 
emitted from the biosphere, either over 
land masses or over the ocean, and there 
is a need to quantify in detail the emissions 
from various biomes, such as tropical 
forests, agricultural areas and oceans. The 
emitted gases are spread by air movements 
and the resulting composition of the 
atmosphere will vary greatly according to 
the location of the source area and the 
chemical reactivity of the compound in 
question. Thus large-scale experiments are 
required to study the global variability in 
atmospheric compositions. For now, this 
is probably best done by aircraft and ships, 
but remote sensing from satellites of certain 
key molecules, such as CO, H,O vapour 
and O., is highly desirable. 





The ‘many trace gas species undergo 
chemical transformations which are driven 
by the photochemical production of free 
radicals and peroxides in the troposphere. 
For example, in the case of carbon, CH, 
is oxidized to CH,O in the gas phase by 
hydroxyl radicals. This can then be photo- 
lysed to CO, which is ultimately converted 
to CO,, again by reaction with hydroxyl 
radicals. Other atmospheric reactions 
include the conversion of SO, to H,SO,, 
this time by reaction with soluble peroxides 
in cloud droplets. Comprehensive tests of 
the photochemical theory, which attempts 
to explain the presence of free radicals and 
peroxides in the troposphere, are essential. 

The molecular products of the oxidation 
processes tend to be more easily removed 
from the atmosphere, either by rain or by 
gaseous absorption at the Earth’s surface. 
The report calls for large-scale experiments 
to study the removal processes in detail, 
including budgetary experiments on 
cyclonic storm systems for wet removal and 
flux experiments on many gases for dry 
removal. Particular studies will investigate 
the nature of transfer processes which 
occur at interfaces such as the ocean sur- 
face and the tropopause. 

In addition to the need for field and 
laboratory experiments, the report draws 
attention to the need to develop numerical 
models of increasing insight and comp- 
lexity. This will probably need little en- 
couragement, to judge by the plethora of 
theories and predictions that have already 
been based on a very limited data set. 

There is no doubt that a large pro- 
gramme of research into the fundamental 
processes of atmospheric chemistry is 
needed; in many cases, the analytical cap- 
ability is already to hand and the 
observation platforms are available. There 
is also no doubt that the programme needs 
to be international. Atmospheric gases are 
widespread across the world. A positive 
response has already been made to NSF 
and NAS by the UK Natural Environment 
Research Council, and others are expected. 
Whether, in the present financial climate, 
the necessary funds will be made available 
for this quiet revolution in atmospheric 
science remains to be seen. Meanwhile, a 
panel, chaired by R. Cicerone and W. 
Prinn, and consisting of US and non-US 
atmospheric scientists, has been set up to 
prepare estimates of cost and feasibility for 
a variety of programmes. This, it is hoped, 
will provide a specific stimulus for the 
funding agencies. (m 
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Corrigendum 

IN the obituary of Milan Hašek (Nature 
10 January 1985) by P.B. 
‘negative 
read 


313, 96; 
Medawar and L. Brent, 
hydridization’’ should have 
‘vegetative hybridization” 





I review here the differences between temporal variability in terrestrial and marine environments and 
consider how this external forcing may affect population fluctuations in the two systems. The interna 
dynamics and community responses are expected to differ significantly with marine populations mor. 
likely to show longer term changes between alternative community structures. 
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THREE essential features are used for conceptual or numerical 
models of natural systems: (1) a high order of nonlinearity, (2) 
large variability in the forcing functions and (3) a wide range 
of space and time scales. It is impossible to combine all three 
in any single model, so major simplifications are introduced. I 
discuss here the effects of variable frequency of forcing, regard- 
ing atmospheric and oceanic physical variations as the input 
and corresponding population changes as output. Two simple 
models reproduce some, but not all, of these input/output 
relations and may contribute to our understanding of the differ- 
ences in response of marine and terrestrial ecological systems 
to these parameters. 


Physical systems 


The separation of ‘noise’ from ‘signal’ in terms of temporal 
variation corresponds to the distinction between predictable and 
unpredictable fluctuations in the physical environment. If regu- 
lar diurnal, lunar and seasonal cycles are removed, there is a 


¿large residual variability which can be considered as inherently 


unpredictable in a strictly deterministic sense. White noise, 
defined as constant variance per unit frequency, is the statisti- 
cally simplest and theoretically preferred form to describe this 
variability’. (The total variance of white noise defined in this 
way is unbounded as frequency (f) tends to infinity. One must 
assume a cut-off at high frequencies which corresponds techni- 
cally to instrument response time; conceptually it is assumed 
that the world is predictable on very short time scales.) Is white 
noise an appropriate representation of variability, particularly 
on the longer inter-annual or decadal time scales? 

For terrestrial environments, temperature records and other 
data analysed in terms of their variance spectra” show (Fig. 1a) 
that white noise is an adequate representation down to frequen- 
cies of ~0.02 yr~'. For time scales longer than 50 yr, the variance 
increases significantly and the spectrum becomes ‘red’ (by 
analogy with the spectrum of red light), but the use of white 
noise can be appropriate for simulation of the random forcing 
of terrestrial ecosystems up to several decades. 

The marine environment is very different. Long-term tem- 
perature records from the deep ocean’ show a spectrum where 
the variance increases continuously from hours to years with, 
approximately, variance (v)/unit frequency proportional to f°. 
Records of sea-level changes have been maintained for longer 
periods* and are an index of general changes in temperature, 
ocean circulation and density structure. At much longer (geo- 
logical) time scales, there are general relations between tem- 
perature and sea level** so that the spectrum from geological 
data can be plotted together with the instrumental measurements 
(Fig. 1b). There is a gap at 10-1,000-yr, but interpolation would 
give a spectrum that decreases continuously with f. 

Should one expect marine spectra to be red over the entire 
time range from days to millennia? A simple stochastic model 
of the forcing of an ocean by atmospheric white noise? shows 
that the much longer time scales of heat transport and transfer 
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Fig. 1 Frequency spectra of variance for a, atmospheric tem- 
perature in England (redrawn from US National Academy of 
Science Report”) and b, sea level combining instrumental" and’ 

geological® data (J. Imbrie, personal communication): 


in the ocean, <1,000 yr, can produce a red spectrum in the 
ocean’s response so that vx f~? is an appropriate index for 
those external factors perturbing marine ecosystems. Again, 
there are technical and conceptual problems for the integrated | 
variance over the whole frequency range. The total variance is 
bounded as f tends to infinity, so that the ‘terrestrial’ problem _ 
does not arise and the marine world is predictable at small time. 
scales. But as f tends to zero, the total variance is unbounded, 
which no ecological system could assimilate. Thus, at very long. 
time scales the system is inherently unpredictable and must be 7 
considered in the evolutionary, rather than the ecological, con- 
text; this brings into consideration questions such as ‘punctuated _ 
equilibria’'®. It is of interest also to ask whether the appearance. 
of red noise in the atmospheric records at 50-100 yr is a reflection 
of the close coupling of the air and sea systems at and beyond — 
these scales. 


Ecological systems 


Examples of relatively long-term population changes in terres- 
trial systems'’ show the variety of patterns involving persistence, 
cycles and trends. It was concluded that ‘nearly all natural 
populations are characterized by patterns of change that keep 
their numbers within bounds. . . only a minority of populations ` 
fluctuate so wildly that an equilibrium level is not obvious’ 
(ref. 11). ; 

Where very large changes do occur at fairly regular intervals 
(Fig. 2), it is assumed normally that internal features of the 
ecosystem dynamics are responsible. For example, the spruce 
budworm cycle of tree growth and defoliation’? is assumed to 
have two equilibrium states, where the 37-yr-cycle is determined © 
by tree growth rates and the rapid jump between states depends 
on the fast reproductive rate of the budworm. Climate variation 
does not seem to be significant. 
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Fig.2 Population changes in terrestrial species that show evidence 
of cyclical response: a, moth, Bupulus''; b, Arctic lynx"’; c, spruce 
budworm". 


Long-term information about marine ecosystems is dependent 
‘mainly on data from pelagic fish populations'®. The longest 
| records, covering 2,000 yr, are from fish scales in sediments off 
“southern California’*, A major feature is the relatively regular 
appearance and disappearance of sardines about every 70 yr, 
but these sediment records also show the continuous presence 
of anchovy and hake. From commercial fisheries there is his- 
torical evidence for the appearance and disappearance of breed- 
ing stocks of species such as herring (Fig. 3), mackerel and 
pilchard’? over relatively large regions. In recent years, heavy 
fishing has altered the magnitude of population changes but 
maintained the rough periodicity of 50-100 yr'®. In one case'* 
where long-term data are available on community structure, 
many other species also changed whereas essential nutrients 
remained nearly constant (Fig. 3). 

Historically, therefore, many pelagic stocks display marked 
fluctuations between states of high and low abundance. These 
alternative abundance levels may be regarded as two different 
equilibrium conditions, but the jumps between the two states 
are not considered in terms of the internal dynamics. They are 
connected usually to longer-term climate trends'', although 
-there are no simple relations between the physical and biological 

changes. 
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Theoretical models 


To illustrate the relation between internal, biological, rates of 
change and external forcing at different frequencies, consider 
the response of a simple system with two equilibrium states 
x= +1 subject to perturbation at a range of frequencies” (analy- 
sis provided by Dr Donald Ludwig). 


Le fat 
rdt 


where r is the response rate and the waiting time between 
switches has an exponential distribution with mean q`'. 

If q< r, the probability is overwhelming that x will be near 
+1 or —1. Thus the stationary distribution is peaked at both 
ends of this range (Fig. 4a). If q > r, the two dynamics are united 
and effectively dx/dt = —rx, where the most probable state (Fig. 
4b) is between the equilibrium positions. If q = r, the distribution 
is uniform and the time sequence would be roughly and 
irregularly cyclical. More generally, if q = 0(r), then the solution 
depends on the exact form of the system rather than only on 
the existence of two equilibrium conditions (Fig. 4c). 

This model describes the essential response of systems with 
two equilibria to particular frequencies of stochastic variation. 
But the external environment contains random fluctuations at 
such a wide range of frequencies that both responses (Fig. 5a, b} 
may be expected to occur. Thus the quantitative distribution of 
the variance is highly significant. If we assume that the effects 
for terrestrial and marine systems will depend on the character 
of the physical frequency distributions, then the general qualita- 
tive response of these systems could be inherently different. 

For marine systems with the ecological effects of variability 
proportional to the physical relation derived earlier, one would 
expect the system to be dominated by the lower frequencies. In 
consequence, the expected distribution (Fig. 4a) is similar to 
that derived from some of the long-term pelagic fish stock 
records. For terrestrial systems, equal weight would be given by 
white noise to the very different responses in Figs. 4a, b, so no 
conclusions would emerge about the character of the expected 
distributions. The output would depend on the internal dynamics 
of the system and the system could display persistence, cycles 
or occasional abrupt change. The evolution of system structure 
would tend to lead to the first category'’. 

This very simple model has the advantages of analytical 
tractability and apparent generality. More complicated models 
contain specific descriptions of ecological relations and usually 
require numerical solution, particularly with stochastic inputs. 
One such model for a population (P) will be used here to 
illustrate the possible responses when red or white noise is 
applied over a range of frequencies’. 


dP/dt = P(1— P/b)—cP?/(1+ P?) 


combines a logistic growth with sigmoidal-shaped predation; 


Fig. 3 Changes in marine 
species: a, Norwegian herr- 
ing fishery'®; b, Swedish 
herring fishery’®; c, Sagitta 
elegans in English Chan- 
nel'*; d, winter phosphate 
concentration in English 
Channel’, 
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Fig. 4 Response of a two-equilibria system to stochastic forcing 

‘at frequencies: a, much less than and b, much greater than the 

intrinsic response rate of the system. c, Indeterminacy of the system 
when the rates are comparable. 


b is carrying capacity; c is mortality rate. The general applicabil- 
ity has been reviewed’? and used in specific applications for the 
spruce budworm” and for marine plankton”. For appropriate 
values of b and c the system has two equilibrium states; by 
varying ¢ stochastically across these states, time sequences in 
the response of P are generated for different frequency ranges 
of red and white noise'®. 

For red noise applied to the coefficient over a frequency range 
f to 30 f, the system changes from a single to a double equilibrium 
condition at a value of f= 0.015 (in arbitrary units; Fig. 5a). 
For white noise with the same total variance in c and the same 

~ value of b(=10), the system does not begin to depart significantly 
from a single equilibrium state until f=0.003 and then the 
response is highly irregular (Fig. 5b). For a time scale in years 
then, with red noise, the system would jump regularly when the 
longest period reached 70 yr. With white noise, however, the 
comparable forcing period is ~300 yr, but the system would 
then fluctuate irregularly at much shorter time scales. Thus, with 
the same model there are very different characteristic responses 
when the system is subject to external forcing by white and red 
noise typical of terrestrial and marine environments. Do physical 
fluctuations have a direct effect on the two types of systems in 
proportion to their physical amplitudes? Or do the mechanisms 
within the system accept, modify or eliminate the effects of this 
variability? 
Discussion 
Should comparisons of ecosystems include both terrestrial and 
open-sea examples? There is considerable interest and con- 
troversy about general ideas, such as resilience*', which presup- 
pose the concept of multiple equilibrium states with stochastic 
forcing. In one example, the concept of multiple equilibria is 
rejected but very limiting criteria are imposed: “We will deal 
only with the question of whether, under the same climate 
regime, populations are stable or persistent in the face of dis- 
crete, punctuated disturbances””*. Such criteria are not merely 
restrictive, but eliminate major features of both domains and, 
especially, the differences between them. 

The inherent ‘climate’ of the ocean is unlike that of the land 
where the assumption of constant variance is acceptable up to 
periods of ~50 yr. In the sea, short-term variability is damped 
out by the very large heat capacity of the ocean. But in turn 
this large thermal capacity and the long period exchange rates 
between deep and near-surface waters (in the order of 10°- 
10° yr) leads to relatively large-amplitude changes at long time 
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Fig.5 Response of P to stochastic forcing by red noise (a) and’ 
white noise (b) (see text for details). 


scales. Simple models can demonstrate the very differe 
responses to these alternative forms of variability and some of 
the features of the two systems might be explicable in terms of 
differences in forcing by external physical factors. On the much 
longer (evolutionary) time scales, thé terrestrial and marine 
ecosystems could develop and adapt differently in relation to 
their particular environmental structure. 

The dominance of poikilotherms in the marine environment 
even at higher trophic levels is an obvious consequence not only 
of the much lower absolute range in diurnal and seasonal cycles, 
but of the smaller variability at short and medium time scal 
There is little need (or opportunity) for individual pelagic organ 
isms to create their own internal or immediate environment 
unlike their terrestrial counterparts (including, in evolutionar 
terms, the marine mammals). At the population level, success: 
reproduction depends on a combination of physical dispers 
and relatively predictable food cycles. Energetically an 
behaviourally, this is a preferable solution to close supervisio: 
and feeding of the young. From fish recruitment data there 
little if any relation between stock size and recruitment o 
year-to-year basis and the early life processes are decoupled’ 
from the adult state. This strategy is very different from that of 
most terrestrial populations, particularly vertebrates. 

These differences in strategies make it difficult to relate con 
cepts derived from terrestrial ecology to marine population 
For fish populations, the decoupling of larval-and adult phases’ 
with their very different feeding and mortality patterns makes 
the r-k concepts inapplicable, even though the logistic relati 
may still be a useful simplification. Similar mathematical 
expressions for population growth or mortality may be derived 
from quite different ecological assumptions. ae 

A simple definition of an ecosystem! is of an isolated com- 
munity, uniformly unvarying in space, with time the only depen 
dent variable. This definition is difficult to apply on land and 
even more difficult in the sea. The assumptions in this definition: 
allow average food web and energy flow diagrams”, but they 
fail completely to explain the switch”* from one structure (‘herr 
ing’) to another (‘haddock’). i 

The two environments also have different spatial characters. 
Physical dispersion in the sea can blur the boundaries between 
regional systems and recruitment failures in one region may be 
reversed in suitable conditions by passive input from neighbour- 
ing breeding stocks. Similar processes on land usually require 
active migration between discrete locations. Further, the patchi- 
ness in marine organisms, combined with dispersion, may pro 
vide stabilizing mechanisms?” mathematically similar to the 
functional responses in terrestrial animals”*”’, but with a differ. 
ent behavioural and energetic basis. 

A ‘terrestrial’ system where environmental variability i 
large at both short- and long-term periods could be expected to 






























svelop mechanisms internal to the system which would cope 
with short-term variability and in so doing, would minimize also 
he effects of longer-term variations. Such assumptions about 
nternal mechanisms combined with relative immobility lead 
asily to the ecosystem concept with the emphasis, mathemati- 
_eally, on regulatory formulations independent of external varia- 
“bility. In ‘marine’ systems, less robust internal processes are 
eéded to handle the smaller amplitude variability at short 
periods commensurate with the life span of the organisms. The 
possible absence of such mechanisms, combined with increasing 
“variance with period, can mean that marine populations or 
ecosystems not only have different ways of dealing with short- 
‘term variance but also will respond differently at longer time 
cales. The dominant processes of numerically large larval repro- 
duction, combined with extensive potential dispersal, means 
hat replacement species may be available always. Thus deter- 
ministic ecosystem concepts and models are not so easily 
applicable. 

On this basis, one should expect the internal dynamics and 
structures of marine and terrestrial systems, particularly at the 
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‘higher trophic levels, to differ in significant ways in response to 


the temporal character of each physical environment. This does 
not mean that comparisons cannot and should not be made. 
Populations and communities face the same general require- 
ments of long-term survival and evolution in the context of 
unpredictable environments. The concept of persistence within 
stochastically-defined bounds”? demands explicit attention to 
the time (and space) characteristics of the variability. The funda- 
mental differences in the two ‘climates’ should lead to sig- 
nificantly different types of system and so provide better tests 
of general hypotheses about resilience, food web dynamics and 
other ecological concepts. 
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similar way to the small subunit polypeptide precursor. 


Chimaeric genes can be constructed which fuse the transit peptide of a small subunit of the chloroplast-located ribulose 
1,5-bisphosphate carboxylase with a bacterial protein. The fusion protein is translocated into chloroplasts and cleaved in 

















CELLS of eukaryotes contain distinct subcellular compartments 
(organelles), delimited by characteristic membrane systems, 
which perform specialized functions within the cell. In photo- 
synthetic leaf cells of higher plants, the most conspicuous 
rganelles are the chloroplasts, occurring in a semi-autonomous 
fashion within the cell and containing their own genetic system 
and protein synthesis machinery, but relying on a close cooper- 
ation with the nucleo-cytoplasmic system for their development 
and biosynthetic activities'. Most chloroplast proteins are 
encoded in the nuclear DNA and are the products of protein 
synthesis on cytoplasmic ribosomes, many as soluble precur- 
sors” of higher relative molecular mass (M,) which are then 
translocated through one or both of the plastid envelope mem- 


branes, processed and assembled into their final organellar 
compartment or holoenzyme complex. In vitro reconstitution 
experiments using isolated chloroplasts have demonstrated that 
the uptake and processing of >100 nuclear-éncoded, cyto- 
plasmically synthesized precursors by chloroplasts occurs by an 
energy-dependent", post-translational mechanism®'?""’. 

The most extensively characterized of these nuclear-encoded 
chloroplast proteins is the small subunit (SS) of ribulose 1,5- 
bisphosphate carboxylase. This polypeptide is synthesized on 
free cytoplasmic ribosomes as a precursor of M,.20,000 with an 
amino-terminal extension or transit peptide of M, ~ 5,000-6,000 
(refs 6-7, 9). During or immediately after import of the precursor 
into the chloroplast, the transit peptide is proteolytically 





















_ Fig. 1a, Construction of plasmids containing 
“chimaeri¢ genes encoding the TP-NPT-II 
-fusion protein. A 1-kb EcoRI/Sphl restriction 
“fragment from pPSR6, a pBR327 derivative 

containing the pea ss3.6 gene”, was purified 
“from a 1% agarose gel. This fragment, which 
contains the promoter region, nucleotide 
sequences encoding the transit peptide and first 
Met codon of the mature SS polypeptide, was 
ligated into: EcoRI/ BamHlI-cut pKm109/9 to 
replace the small EcoRI/ BamHI fragment 
before the NPT-II-coding region. The plasmid 
“pKmi09/9 is a pBR322 derivative containing 
_ othe npt-H gene of Tn lacking the 5’-non-trans- 
-lated region and the first Met codon*®. To fuse 
the 3’-overhanging end of the SpAl restriction 
site with the 5'-overhanging end of the BamHI 
restriction site, a single-stranded oligonucleo- 
tide 5’ GATCCATG 3’, complementary to both 
protruding ends, was synthesized and added to 
the ligation mix°*. After fusion, the Sphl site is 
abolished but the BamHI site remains. The 
resulting plasmid, pGSSTneol, was restricted 
with Smal and a 700-base pair (bp) Poull 
fragment, containing the transcription termina- 
tion and polyadenylation signal from the 
octopine synthase gene (ocs)*°, was ligated into 
“the site to ensure correct 3’ transcription termi- 
nation and processing. The intermediate 
pGSSTneo2 plasmid was then used in two 
different cloning steps. A, A 1,400-bp BamHI 
fragment from pUC4K (ref. 54) encoding the 
kanamycin resistance gene from Tn.903 was iso- 
lated and cloned into the unique BglII restric- 
tion site of pGSSTneo2, yielding the plasmid 
pGSSTneo3. Kanamycin resistance is used as 
a marker to select for the co-integration of 
pGSSTneo3 with the Ti plasmid in Agrobac- 
terium. B, A 200-bp EcoRI/ HindIII fragment 
from pKm109/3 (ref. 45) containing the lacUV5 
promoter region, was exchanged for the small 
EcoRI/ HindIII fragment of pGSSTneo2 to 
allow for TP-NPT-H fusion protein expression 
in E coli, The resulting plasmid is pGLTneol. 
` Abbreviations: Ap®, ampicillin resistance; 
“Km®, kanamycin resistance. Symbols: —, 
pBR322 sequence: neo, coding region for NPT- 

Il; >, lacUVS promoter region; A, 3’ end. -57 

Representation of the octopine synthase gene: 

Pocs, promoter region; ocs, coding region. Rep- 

resentation of the gene for the SS ribulose 1,5- 

bisphosphate carboxylase: ===, promoter and 
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TP-NPT-IT fusion protein and the precursor to the ribulose 1,5-bisphosphate carboxylase SS polypeptide. Partial amino acid sequences for 





D, intron. b, Partial amino acid sequence comparison of the ; 





the precursor to the SS polypeptide of ribulose 1,5-bisphosphate carboxylase encoded by the pea ss3.6 gene? (upper line) and the TP-NPT-J1 
fusion protein (lower line) are presented. The area near the processing site of the SS precursor and the fusion point for the TP-NPT-II fusion 
protein are shown. The arrow indicates the proteolytic processing site defined for the SS precursor. The amino acid residues derived from the 
original NPT-II protein are underlined and residues are numbered above the sequences with the first Met residue of the mature SS protein 


as amino acid number 1. 


removed in two steps by a soluble protease'*, yielding the mature 
SS polypeptide of M, 15,000, which is then assembled with 
endogenous large subunit into the functional ribulose 1,5- 
bisphosphate carboxylase holoenzyme’, 

The transit peptides of post-translationally transported 
chloroplast proteins are characterized by a high proportion of 
basic amino acids; this is thought to be important in the interac- 
tion of the transit peptide with the chloroplast envelope'®. Com- 
parison of the transit peptide of SS precursors from various 
plant species show a high level of variation in amino acid 
sequences but a relatively strong conservation in the position 
of prolines and charged amino acid residues””-**. This conserva- 
tion may be of functional significance as the SS precursors from 
one plant species. can be imported and processed correctly by 
the chloroplasts of another in vitro’??? and in vivo”. 

The molecular basis of the post-translational translocation of 
polypeptides into chloroplasts and the signals involved are not 



























yet fully understood. In particular, the relative contributions of - 
the transit peptide and the mature. protein to the uptake and 
processing mechanism remain unknown. The transit peptide is 
presumably required for the translocation of the mature protein, 
consistent with the observation that the mature SS protein is 
not translocated into chloroplasts**. We seek to find whether 
the transit peptide alone is sufficient to mediate the translocation 
of a foreign palypeptide into chloroplasts. 

The genetic approach for the production of fusion proteins. 
has successfully elucidated the mechanisms of protein transport 
and secretion in both prokaryotic and eukaryotic systems”, 
Chimaeric genes encoding fusion proteins have clarified the 
mechanism of protein import into yeast mitochondria”. To. 
examine the role of the transit peptide in the post-translational 
transport mechanism, we constructed a chimaeric gene which 
encodes a fusion protein consisting of the transit peptide of the. 
precursor to the SS of ribulose 1,5-bisphosphate carboxylase. 








from pea’? linked to the amino terminus of bacterial neomycin 
phosphotransferase I] (NPT-II). This chimaeric gene was placed 
nder the control of the pea small subunit (ss3.6) gene pro- 
oter™"*, introduced into tobacco cells by Agrobacterium- 
mediated cell transformation”°*™ and the fate of the fusion 
protein synthesized in these transformed cells studied. We also 
expressed the chimaeric gene in Escherichia coli under the con- 
trol of the lacUV5 promoter” and examined the fate of the 
fusion protein in in vitro reconstitution experiments using iso- 
fated intact chloroplasts. 



















































































‘Chimaeric gene construction 


o elucidate the function of the transit peptide, we fused it with 
‘NPT-II, thus converting the bacterial enzyme into a novel ‘pre- 
ursor’ polypeptide which can be tested for its ability to be 
-post-translationally imported and processed by chloroplasts. 
The NPT-I protein was chosen because an enzymatic assay for 
in-situ detection of NPT-I] or NPT-II fusion proteins in non- 
denaturing polyacrylamide gels has been described*® and is a 
‘useful method for distinguishing processed from unprocessed 
forms of the fusion protein. 

-Two plasmids have been constructed which contain chimaeric 
enes encoding the fusion protein TP-NPT-II (Fig. la). In the 
rst plasmid, pGSSTneo3, the coding sequence for TP-NPT-H 
s under the control of the pea ss3.6 promoter which directs 
xpression of chimaeric genes in plant cells****. This construc- 
ion has been used to study the fate of the fusion protein in vivo 
n transformed tobacco cells. Another plasmid, pGLTneol, was 
constructed to direct the synthesis of TP-NPT-II in E. coli under 
the control of the lacUVS promoter”, to obtain sufficient quan- 
tities of the fusion protein for use in in vitro reconstitution 
‘experiments with isolated chloroplasts. The fusion protein 
encoded in both plasmids consists of the 57-amino acid transit 
peptide and the first methionine of the mature SS polypeptide 
encoded by the pea ss3.6 gene’’, a 7-amino acid linker fragment, 
and the NPT-II lacking the first methionine** (263 amino acids). 
The amino acid sequences in the authentic SS precursor encoded 
“by ss3.6 and the fusion protein are compared in Fig. 1b; the 
“Cys-Met cleavage site of the precursor to the SS is left intact 
‘in the TP-NPT-II fusion protein. 








tp-npt-II gene transfer to plant cells 


“The tp-npt-IT gene of pGSSTneo3 was introduced into the 
genome of plant cells by means of the vector pGV3851, a 
-derivative of the Agrobacterium tumour-inducing (Ti) plasmid 
-pTiCS8 (ref. 47). The plasmid pGV3851 contains a deletion 
“which removes several of the transfer (T)-DNA-encoded tran- 
scripts, including those involved in auxin production, but retains 
‘the gene involved in cytokinin synthesis. As a result, Agrobac- 
terium harbouring pGV3851 induces shoot-forming tumours. 
‘The deleted portion of the T-DNA has been replaced by pBR322, 
_which provides the homology for insertional recombination™ 
of the pBR322 derivative pGSSTneo3. 

- The T-DNA of several kanamycin-resistant Agrobacterium 
-exconjugants was examined by Southern hybridization analy- 
sis”? to confirm that proper co-integration between pGSSTneo3 
and the T-DNA of pGV3851 had occurred. The result obtained 
_ for one of these pGV3851 :: pGSSTneo3 exconjugants is shown 

in Fig. 2. 

=. Stems of sterile tobacco seedlings were inoculated with this 
“strain below the first internode after wounding with a needle. 
After 2-3 weeks, green shoot-forming tumours appeared. Axenic 
“tissue was obtained by growing the transformed tissue in vitro 
on Murashige and Skoog medium” containing 500 pg mi™’ of 
cefotaximum, an antibiotic to which ampicillin-resistant 
 agrobacteria are sensitive. For propagation of the tissue, the 
-sucrose concentration of the medium was reduced from 3 to 
1%, to improve greening. The green tissues were able to grow 
on medium containing 200 pg ml’ kanamycin, showing that 
he tp-npt-IT gene was present and functionally expressed. The 
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Fig. 2 Southern hybridization analysis of Agrobacterium and 
plant DNA. The autoradiogram confirms the presence and struc- 
ture of the tp-npi-II chimaeric gene in  co-integrate 
pGV3851 :: pGSSTneo3 DNA and in genomic DNA from transfor- 
med tobacco cells. Lane l, total Agrobacterium DNA from 
pGV3851:: pGSSTneo3 used in a reconstruction experiment to 
obtain a signal representing the presence of one copy per tobacco 
genome; lane 2, plant genomic DNA from tobacco callus transfor- 
med with pGV3851 :: pGSSTneo3. In both lanes two fragments 
hybridize with the specific probe: one fragment of 2.6 kb represent- 
ing the EcoRI/ BamHI fragment of pGSSTneo3 containing the 
Km? gene of Tn903 and the SS promoter and transit peptide 
region; a second fragment of 1.85 kb representing the BamHI/ Sall 
fragment of pGSSTneo3 containing the coding region of NPT-II 
and the OCS 3' end. Total Agrobacterium DNA" and plant 
genomic DNA from transformed callus tissue*® were prepared and 
restricted with EcoRI, BamHI and Sall. Digest products were 
fractionated on a 1% agarose gel, transferred to nitrocellulose 
paper and hybridized with a *?P-labelled probe specific for the 
promoter and coding region of the TP-NPT-II fusion protein (the 
probe was the smaller EcoRI/ Sall fragment of pGSSTneol; see 
Fig. la). 


presence of the tp-npt-II gene was confirmed by Southern 
hybridization analysis? of genomic DNA from the transformed 
callus tissue (Fig. 2). 

A parallel series of co-integration and transformation experi- 
ments (data not shown) provided tobacco tumours containing 
a second chimaeric gene, nos-npt-II (ref. 42) coding for the 
unaltered NPT-II protein under control of the promoter from 
the nopaline synthase gene*”™, enabling us to study the fate of 
NPT-II itself in transformed cells. 


Fate of the tp—npt-II gene product 


The presence of NPT-II or active NPT-II fusion proteins in a 
given extract can be determined using an in situ enzymatic assay 
for phosphotransferase activity after gel electrophoresis. At the 
position where proteins with NPT-II activity migrate in a non- 
denaturing polyacrylamide gel, radiolabelled kanamycin phos- 
phate is formed and detected by autoradiography (see Fig. 3 
legend). The enzymatic assay on extracts of plant tissue not 
containing the NPT-II coding sequence in its genome reveals 
two bands of plant phosphotransferase or kinase activity (Fig. 
3, lane 3, P.K.). These bands do not represent NPT-II activity 
as they can also be observed when no kanamycin is included 
in the enzymatic reaction (data not shown). The faster-migrating 
band is also found in chloroplast preparations from the same 
tissue (Fig. 3, lane 4). When a bacterial extract containing the 
TP-NPT-II fusion protein encoded in pGLTneol is mixed with 
plant extract, a major new band of NPT activity appears, migrat- 
ing more slowly than NPT-II encoded by TnS and probably 
corresponding to the bona fide TP-NPT-Hi (Fig. 3, lanes 1, 2). 
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Fig.3 Localization of NPT-II activity in chloroplasts of tobacco 
callus tissue. The autoradiogram shows the presence and mobility 
of NPT-II activity in bacterial extracts and cellular fractions follow- 
ing in situ localization on a 10% non-denaturing polyacrylamide 
gel*®. Lane t, E. coli extracts containing NPT-II mixed with crude 
extract of green pGV3851-transformed tobacco tissue; lane 2, E. 
coli extract containing TP-NPT-II, mixed with crude extract of 
green pGV3851-transformed tobacco tissue; lane 3, crude extract 
from green pGV3851-transformed tobacco tissue; lane 4, intact 
chloroplasts from green pGV385 | -transformed tobacco tissue; lane 
5, crude extract from green pGV3851 :: pLGV23neo-transformed 
tobacco tissue; lane 6, intact chloroplasts from green 
pGV3851 :: pLGV23neo-transformed tobacco tissue; lane 7, crude 
extract from green pGV3851 :: pGSSTneo3-transformed tobacco 
tissue; lane 8, intag chloroplasts from green 
pGV3851 :: pGSSTneo3-transformed tobacco tissue. P.K.(?), non- 
specific band present in untransformed plant tissue, probably 
caused by the activity of plant kinase. 

Methods. Green callus (3g) was homogenized by a few short bursts 
at low speed in a Waring Blendor in GR buffer (0.33 M sorbitol, 
no S0mM. HEPES-KOH (pH7.5), 1mM MgCl, mM MnCh, 
>  PmM Nas-EDTA, 2mM Na,-EGTA, | mg ml”! isoascorbate, 
0.5 mgmi~' bovine serum albumin). The homogenate was filtered 
through two layers of Miracloth and the filtrate centrifuged from 
0-4,340g and braked in the shortest possible time. The crude 
chloroplast pellet was resuspended in a few millilitres of GR buffer. 
Intact chloroplasts were prepared from crude chloroplast pellets 
by sedimentation in Percoll density gradients”’. Gradient-purified 
intact chloroplasts were washed with GR and lysed in 25mM 
Tris-HCI (pH 7.5) containing 0.5% 8-mercaptoethanol. Crude cal- 
lus extracts were prepared by homogenizing 70 mg tissue in 70 yl 
extraction buffer (1% B-mercaptoethanol; 50mM Tris, pH 6.8, 
0.13 mg ml“' leupeptin) and clearing the homogenate (2 min at 
18,8002). Crude extracts of E. coli were prepared by sonication in 
a buffer containing 10mM Tris-HCI (pH 7.5), 10mM MgCl,, 
25mM NH,CI and 10mM dithiothreitol (DTT)*’, followed by 
centrifugation to. remove cellular debris. The assay for NPT-II 
activity is a modification of the in situ detection method. Samples 
diluted with a 10 xloading buffer (50% glycerol, 0.5% SDS, 10% 
B-mercaptoethanol, 0.005% bromophenol blue) were separated 
on a 10% (w/v) non-denaturing polyacrylamide gel. After elec- 
trophoresis, the gel was washed twice for 10 min with distilled 
water and equilibrated for 30 min in 2 x reaction buffer (100 mM 
Tris, pH 7.5, 50 mM MgCl, 400 mM NH,Cl, | mM DTT). The gel 
was then transferred to a glass plate and overlaid with a 1% agarose 
gel containing 30pgml-' kanamycin sulphate and 200 pCi 
[Y7 P]ATP in 1 x reaction buffer. After 30 min at room temperature, 
the gel sandwich was covered with Whatman P81 phosphocellulose 
paper, two sheets of Whatman 3MM paper and a stack of blotting 
paper pressed by weight (1 kg) to allow binding of the phosphory- 
lated kanamycin to the P81 paper in a Southern-type transfer. After 
3h the P81 paper was washed for 5 min with 500 mi hot water 
(80 °C) and for 1 h several times with a 50 mM sodium phosphate 
buffer (pH 7.0). The P81 paper was dried and autoradiographed 
overnight using an intensifying screen to visualize the radiolabelled 
kanamycin formed at the position where the proteins with NPT-II 

activity migrate in the polyacrylamide gel. 













Fig. 4 Protection of the NPT-II activity present within chloro- 
plasts of pGV3851 :: pGSSTneo3-transformed tobacco cells to pro- 
tease treatment. Intact chloroplasts isolated from 
pGV3851 :: pGSSTneo3-transformed tobacco callus tissue were 
subjected to limited proteolytic digestion. The protease insensitivity 
of NPT-II activity associated with these chloroplasts was assayed. 
Lane 1, E. coli extract containing NPT-H; lane 2, intact chloroplasts 
isolated from green pGV381 :: pGSSTneo3-transformed tobacco 
tissue and lysed before protease treatment; lane 3, non-protease- . 
treated intact chloroplasts isolated from green 
pGV3851 :: pGSSTneo3-transformed tobacco tissue; lane 4, pro- 
tease-treated intact chloroplasts isolated from green- 
pGV3851 :: pGSSTneo3-transformed tobacco tissue; P.K.(?), see ` 
Fig. 3. Intact chloroplasts were prepared from greened tobacco- 
callus tissue as described in the legend to Fig. 3. Protease treatment 
of isolated chloroplasts was carried out as described previously’. 


The change in mobility results from a change in M, and charge 
on addition of the transit peptide. Minor bands with higher 
mobility probably correspond either to degradation products of 
the fusion polypeptide or to smaller polypeptides translated 
from internal ATGs of the TP-NPT-II coding sequence. 

Crude extracts from transformed tissue containing a nos~npt- 
II chimaeric gene have NPT-II activity. No detectable NPT-II 
activity is associated with intact chloroplasts isolated from the 
same tissue, however, suggesting that the product of this 
chimaeric gene lacks the information necessary to mediate ‘its 
translocation into chloroplasts. (Fig. 3, lanes 5, 6). 

Crude extracts from tissue harbouring the tp-npt-II chimaeric 
gene also contain NPT-II activity (Fig. 3, lane 7), most of which 
is associated with chloroplasts (Fig. 3, lane 8). Moreover, ‘the 
one neomycin-phosphorylating protein observed in both crude. 
extracts and isolated chloroplasts migrates with the same mobil- 
ity as the authentic NPT-II protein of TnJ, differing from the 
E. coli NPT-II fusion protein encoded by the tp-npt-II chimaeric 
gene (see also Fig. 4). Even after longer exposure of the 
autoradiogram, the NPT-II fusion protein was not found in- 
preparations of plant tissue containing the tp-npt-I gene. These 
observations show that the NPT-II activity is concentrated in 
the chloroplast fraction and that the TP-NPT-II fusion protein 
is cleaved efficiently close to the fusion site, removing the transit 
peptide. 

As the NPT-II protein is not normally imported into the 
chloroplasts, we sought to determine whether the NPT-II activity 
associated with the isolated chloroplast fraction is anchored 
only at the outside of the chloroplast, or whether it is really 
inside this organelle. Therefore, aliquots of chloroplasts isolated 
from pGV3851 :: pGSSTneo3-transformed tissue were subject 
to protease treatment®’. Equal amounts of chloroplasts from : 
protease-treated and non-treated preparations were fractionated 
and stromal fractions assayed for NPT-II activity. Most of the 
activity in non-treated chloroplasts remains in protease-treated 
chloroplasts until they are broken (Fig. 4). The slight decrease 
in activity observed probably results from plastid lysis rather 
than the lack of sequestering of the processed fusion protein. 
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Fig. § Localization of NPT-II activity in the stromal fraction of 
chloroplasts isolated from pGV3851 :: pGSSTneo3-transformed 
tobacco tissue. Intact chloroplasts were isolated from 
pGV3851 :: pGSSTneo3-transformed callus tissue and fraction- 
ated into stromal and membrane fractions. The NPT-II activity 
associated with each of these fractions was assayed. Lane 1, E. 
coli extract containing NPT-II; lane 2, E. coli extract containing 
TP--NPT-II; lane 3, stromal fraction of chloroplasts isolated from 
green pGV3851 :: pGSSTneo3-transformed tobacco tissue; lane 4, 
membrane fraction of chloroplasts in lane 3; lane 5, wash of the 
lane 4 membrane fraction. P.K.(?), see Fig. 3. Intact chloroplasts 
were isolated from greened tobacco tissue as described in Fig. 3 
legend. Chloroplasts washed twice with sorbitol-HEPES buffer 
and recovered by centrifugation were fractionated into stroma and 
membrane portions by resuspending plastids in 25 mM Tris-HCI 
(pH 7.5) containing 0.5% 8-mercaptoethanol followed by centrifu- 
gation at 18,800g. Membrane fractions were washed twice and 
pelleted to remove residual stromal contamination. Wash fractions 
were routinely tested for residual NPT-II activity. 


Finally, as the mature SS polypeptide is part of a soluble 
protein present in the stroma, we sought to determine whether 
the NPT-II activity associated with the isolated chloroplast 
-fraction is sequestered also in the same suborganellar compart- 
ment. Therefore, chloroplasts from pGV3851 :: pGSSTneo3- 
transformed tissue were lysed by resuspension in a hypo-osmotic 
buffer and fractionated into stromal and membrane fractions 
‘which were assayed for NPT-II activity. All of the enzyme 
activity is located in the stromal rather than the membrane 
‘fraction of the chloroplasts (Fig. 5). 

These results demonstrate clearly that the TP- NPT-II fusion 
protein is targeted to the chloroplast, translocated into the 
troma and processed in a fashion similar to that of the SS 
polypeptide. 


In vitro uptake and processing 


` As an alternative approach to studying the function of the transit 
“peptide, we carried out a series of in vitro reconstitution experi- 
“ments with isolated intact chloroplasts. This approach has been 
useful previously in the analysis of chloroplast translocation 
processes®!°'”, Here we have adapted the method for E. coli 
fusion proteins. 

Extracts containing the TP-NPT-II fusion protein were pre- 
-pared from E. coli harbouring pGLTneo! and aliquots incubated 
-with chloroplasts isolated from pea leaves*'. The chloroplasts 
were re-isolated from the incubation mix and washed until no 
~ TP-NPT-II activity was detectable in the supernatant. We used 
this preparation to determine whether NPT-II activity was 
associated with the stroma or membrane fraction. Before incuba- 
tion with E. coli extracts containing TP-NPT-II, the stroma of 
chloroplasts from pea does not contain any phosphotransferase 
or kinase activity co-migrating with either the TP- NPT-II fusion 
polypeptide or authentic NPT-II (Fig. 6, lane 3). However, as 
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Fig. 6 In vitro uptake of TP-NPT-II fusion protein by isolated 
pea chloroplasts. Autoradiogram showing in situ localization of 
NPT-II activity in bacterial and chloroplast fractions following 
fractionation on non-denaturing polyacrylamide gels. Lane 1, E. 
coli harbouring pBR322 : : Tn 5 (NPT-ID); lane 2, E. coli harbouring 
pGLTneo! (TP-NPT-II); lane 3, stromal fraction of pea chloro- 
plasts before incubation with bacterial extracts; lane 4, stromal 
fraction of pea chloroplasts incubated with bacterial extracts con- 
taining the TP-NPT-II fusion protein; lane 5, stromal fraction of 
protease-treated pea chloroplasts (same amount as lane 4) incu- 
bated with bacterial extracts containing the TP-NPT-II fusion 
protein; lane 6, washed membrane fraction of the same chloroplasts 
as lane 5; lane 7, washed membrane fraction of the same chloro- 
plasts as lane 4. 

Methods. Intact chloroplasts were isolated from pea (Pisum 
sativum) leaves by sedimentation through Percoll density 
gradients*', washed, resuspended in sorbitol-HEPES buffer 
(50 mM HEPES-KOH, pH 7.5; 0.33 M sorbitol) and stored at 0 °C. 
In vitro uptake into isolated chloroplasts was essentially as 
described*! except the incubation mix was modified for use with 
bacterial extracts. Uptake reactions (300 jl final volume) contained 
intact chloroplasts (equivalent to 200-300 ug chlorophyll) and 
50 yl bacterial extract (see Fig. 3 legend) in buffer containing 
0.33 M sorbitol, 50mM HEPES-KOH (pH7.5), 1mM MgCl, 
1 mM Na,-EDTA. Following incubation at 20-22 °C in the light 
with gentle shaking for 1 h, chloroplasts were diluted with sorbitol- 
HEPES buffer and recovered by centrifugation at 4,340g. Chloro- 
plasts washed twice with sorbitol-HEPES buffer and recovered by 
centrifugation were either fractionated immediately (see Fig. 4 
legend) or subject to protease treatment as described previously*'. 
Aliquots of samples were either assayed immediately for NPT-II, 

or stored at —80 °C and assayed later. 


observed earlier in tobacco, our assay conditions reveal a more 
slowly migrating endogenous kinase activity. After incubating 
the chloroplasts with bacterial extracts containing TP-NPT-II, 
the stromal fraction from the isolated organelles contains a 
considerable level of NPT-II activity whereas the membrane 
fraction does not (Fig. 6, lanes 4,6). This NPT-II activity 
migrates like the original bacterial enzyme, indicating process- 
ing. To confirm that the activity is indeed associated with the 
stroma and not bound only to the external membrane of the 
chloroplast and liberated during the fractionation procedure, 
we examined the susceptibility to added protease. Most of the 
stromal NPT-II activity was protected against protease diges- 
tion, as the amount of activity recovered is similar to that found 
in non-treated chloroplasts (Fig. 6, lanes 4, 5), The membrane 
fraction of protease-treated chloroplasts was completely free of 
activity (Fig. 6, lane 7). In vitro uptake of the TP- NPT-II fusion 
protein is similar when intact chloroplasts from young expand- 
ing tobacco leaves are used (data not shown). 

Our results demonstrate that the transit peptide of the precur- 
sor to the SS of ribulose 1,5-bisphosphate carboxylase can 
mediate uptake and processing of polypeptides other than the 
mature SS by chloroplasts in in vitro assay conditions. That 
uptake of the NPT-II protein by chloroplasts in vitro does not 
occur in the absence of the transit peptide (data not shown) is 
consistent with our in vivo observation that chloroplasts pre- 
pared from callus tissue transformed with nos-npt-II do not 
contain NPT-II activity. 











Unlike previous in vitro uptake studies*'*” using wheat germ 
extracts for the synthesis of precursor polypeptides, we have 
used an E. coli expression system for the preparation of our 
fusion protein. As translocation of the fusion protein isolated 
from bacteria proceeds in the in vitro uptake system, we suggest 
that additional cytoplasmic factors are not required in the trans- 
location mechanism. We cannot eliminate the possibility that 

` such factors might be tightly bound to our chloroplast prepar- 
ation or that equivalent factors may be provided by the E. coli 
extracts. 


Discussion 

We have examined the function of the transit peptide of the SS 
of ribulose 1,5-bisphosphate carboxylase by fusing it to the 
NPT-II protein and determining the fate of the fusion protein 
both in vivo in transformed tobacco cells and in vitro after 
incubation with isolated intact chloroplasts. 

The results presented here demonstrate clearly that the NPT-II 
component of the TP-NPT-II fusion protein is translocated 
across the chloroplast envelope and finally located in the stroma. 
The requirement of the transit peptide for this process is shown 
by the failure of chloroplasts to detect uptake of NPT-II when 
the transit peptide is not fused to NPT-II. There is a high level 
of conservation in the amino acid sequence of the transit peptide 
and the mature protein near the processing site in the SS precur- 
sor of several plant species which was thought to reflect a 
possible functional role of these residues in the translocation 
process”’-?*. The TP-NPT-II fusion protein, however, has no 
similarity in amino acid sequence to the SS precursor immedi- 
ately following the transit peptide, which suggests that all of 
the sequence information required for translocation is in the 
transit peptide. 

In normal plant growth conditions, the SS precursor is taken 
up rapidly and processed by chloroplasts and a large free pool 
of unprocessed precursor is not observed''!. In tobacco cells 
transformed with pGV3851 :: pGSSTneo3, the NPT-II activity 
migrates in our gel system with a similar electrophoretic mobility 
to the original NPT-II, indicating that the transit peptide has 
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been removed from the TP- NPT-I fusion protein. This proces 
ing is carried out presumably by the same stromal protease 
which removes the transit peptide from the precursor to the SS 
polypeptide. It is probable that processing occurs at the sam 
Cys-Met site (Fig. 1b) used in the SS precursor and, ther 
fore, that the transit peptide not only mediates translocatio 
but also site-specific processing. Furthermore, : asi 
pGV3851 :: pGSSTneo3-transformed tobacco cells all. of th 
observed NPT-II activity corresponds to the processed form 
TP-NPT-II, we conclude that both translocation and processi 
occur efficiently for this novel ‘precursor’. oe 

The results presented here extend our knowledge and ope 
the way for introduction of foreign gene products to specifi 
plant cell organelles. It will be possible to discover whether 
similar chimaeric gene constructions could direct the transfer 
of proteins normally encoded by the chloroplast back into th 
organelle. Model systems of chloroplast-encoded genes impo! 
tant in basic research and agricultural application are readil 
available. The similarity between the results from in vivo an 
in vitro studies suggests also that the production in E. coli’ of 
fusion proteins composed of segments of nuclear-encoded 
organelle polypeptides and an enzymatic reporter is a.powerfu 
technique for the rapid analysis of the signals and. processe 
involved in protein import by isolated organelles. 
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The availability of cloned cDNAs encoding the four subunits of the Torpedo acetylcholine receptor, which can be expressed 
make functional receptors in Xenopus oocytes, has made possible a detailed investigation of the functions of the different 
structural components of the receptor. The functional analysis of receptors with a-subunits altered at specific sites by 
ite-directed mutagenesis of the cDNA has allowed the location of specific regions of the a-subunit molecule involved in 
cetylcholine binding and forming a transmembrane ionic channel. 


























































WHE nicotinic acetylcholine receptor (AChR) mediating sig- 
alling at the vertebrate neuromuscular junction is the best- 
characterized ligand-gated channel protein. The AChR from the 
‘electric organ of Torpedo californica consists of four kinds of 
ubunits assembled in a molar stoichiometry of œ Byô (refs 

). The primary structures of all these four subunits*** and 
e a-, B- and y-subunits of the mammalian muscle AChR’? 
ave been elucidated by cloning and sequencing cDNAs or 
enomic DNA encoding these polypeptides; cDNA sequences 
‘or the y-subunit of the T. californica AChR" and the a-subunit 
f the T. marmorata AChR!" have been reported also. The 
‘our subunits have marked sequence homology and are similar 
n hydrophilicity profile and predicted secondary structure, thus 
eing oriented most probably in a pseudosymmetric fashion 
cross the membrane. The carboxy-terminal half of each subunit 
olecule contains four strongly hydrophobic segments*'®!? 
MI-M4) consisting exclusively of uncharged amino acid 
esidues. These segments probably traverse the membrane, form- 
ng a-helical structures, and may be involved in the ionic chan- 
el. Interestingly, the polar uncharged side chains in these 
segments are clustered largely on one side of an a@-helix. On 
he basis of the primary structure data, it has been proposed 
ubsequently that each subunit contains a fifth transmembrane 
egment, located between the hydrophobic segments M3 and 
M4. This segment is markedly amphipathic and has both charged 
and uncharged polar residues on one side of an a-helix and 
on-polar residues on the opposite side'*'*, thus presumably 
‘orming the channel lining. The region lying between segment 
M3 and the amphipathic segment has been assigned to the 
cytoplasmic side of the membrane, whereas the amino-terminal 
half of each subunit molecule, which contains one or more 
potential N-glycosylation sites*”'?, has been assigned to the 
extracellular side of the membrane. The amino-terminal half of 
the a-subunit molecule has four cysteine residues*™'™!? which 
ay take part in the disulphide bridge in close proximity to the 
acetylcholine (ACh) binding site’’. 

We have shown recently that the cloned cDNAs encoding the 
four subunits of the T. californica AChR direct the synthesis of 
the functional receptor'®. Studies on the expression of AChR 
mutants with the w-subunit altered by site-directed mutagenesis 
of the cDNA have now allowed the location of functional regions 
of the subunit molecule. 


xpression system 


Previously, we used a combined expression system consisting 
of COS monkey cells and Xenopus oocytes'®. We report here 
the synthesis of AChR subunit-specific mRNAs in vitro, using 

e bacteriophage SP6 promoter'”'® linked with each of the 
subunit cDNAs including the poly(A) tail. Transcription of these 


recombinant plasmids by SP6 polymerase generated pure 
preparations of the subunit-specific mRNAs in relatively large 
quantities (Fig. 1a). After capping, the a-, B-, y- and 6-subunit- 
specific mRNAs were combined and injected into Xenopus 
oocytes. The four AChR subunit polypeptides synthesized in 
the oocytes were indistinguishable in electrophoretic mobility 
onan SDS-polyacrylamide gel from those synthesized in oocytes 
injected with T. californica electroplax poly(A)” RNA (Fig. 1b). 
The amounts of the radiolabelled AChR subunit polypeptides, 
as well as the a-bungarotoxin binding activity in oocyte extracts 
and the ACh sensitivity of the oocytes, increased approximately 
in proportion to the concentration of the mRNAs injected. (The 
total mRNA concentration used here ranged from 4 to 
250 ng pl” '; the average volume injected was ~20 nl per oocyte.) 

The injected oocytes were examined for response to ACh 
applied ionophoretically by recording the intracellular poten- 
tials or the membrane currents under voltage clamp'®. The 
atropine-resistant and (+ )tubocurarine-sensitive nature of the 
observed ACh response conformed to that of the nicotinic AChR 
synthesized in oocytes injected with Torpedo electroplax 
poly(A)* RNA”? or with the AChR subunit-specific mRNAs 
produced in COS cells'®. In our present studies, the ACh sensi- 
tivity?” occasionally exceeded 10,000 mV uC™', which is two 
orders of magnitude higher than that obtained previously'®. 
Unexpectedly, the membrane potential-dependence of the ACh 
response in most of the oocytes with high sensitivities (> 
100 mV pC™') differed from that expected for the nicotinic 
AChR. The ACh current had multiple components (Fig. 2a) 
and was reversed in polarity at membrane potentials (— 30 to 
—15 mV) more negative than those (—5 to ~1 mV) reported 
previously for the nicotinic AChR synthesized in oocytes'®!? 
(Fig. 2c). Furthermore, the reversal potential was apparently 
Cl’-dependent (shown by its alteration after intracellular cr 
injection or decreased external CI” concentration). When exter- 
nal Ca2* was removed or replaced by Mg?“ (5 mM), the multi- 
plicity of the ACh current disappeared (Fig. 2b) and the reversal 
potential agreed with that of the nicotinic AChR (Fig. 2c). 
Therefore, we conclude that a Ca?" influx associated with activa- 
tion of the AChR?! may trigger a transient increase in the CI” 
conductance of the oocyte membrane™”’, thereby initiating an 
additional CI current mixed with the cationic ACh current. A 
similar C1” contribution to the ACh current was observed also 
in the oocytes injected with T. californica electroplax poly(A)” 
RNA when their ACh sensitivity was higher than 100 mV po. 
Because of uncertainty in the extent of the CI” contribution to 
the ACh response, the ACh sensitivity of oocytes with the 
wild-type AChR as well as with the AChR mutants was measured 
both in the presence and absence of Ca’*, The results obtained 
in the two conditions were consistent with our general con- 








Fig. 1 Expression of the AChR subunit cDNAs by transcription 
in vitro (a) followed by translation in Xenopus oocytes (b), a, The 
AChR subunit-specific mRNAs synthesized in vitro were denatured 
with 1 M glyoxal and 50% dimethyl sulphoxide’! and samples 
(0.6 ug each) of the a- (lane 1), B-(lane 2), y- (lane 3) and 
6-subunit-specific mRNA (lane 4) were electrophoresed on a 1.5% 
agarose gel in 10 mM sodium phosphate buffer, pH7.0. RNA was 
visualized by staining with ethidium bromide. The size markers 
used were the HindIII cleavage products of phage A DNA; sizes 
in kilobases (kb). The estimated sizes of the a-, B-, y- and 6- 
subunit-specific mRNAs agree with the expected sizes (~ 2.1, ~1.8, 
~2.2 and ~2.0 kb, respectively). b, Xenopus laevis oocytes were 
injected with the capped a-, B-, y- and 6-subunit-specific mRNAs 
combined in a molar ratio of 2:1:1:1 (total mRNA concentration 
100 ng wl7') or with T. californica electroplax poly(A)” RNA 
(l pg pl'). After incubation of the oocytes for 2 days in the 
presence of 1-?°S-methionine (1,370 Ci mmol™!: final concentra- 
tion, 0.8 mCi mi~’), cell extracts were prepared from 38 oocytes 
(see ref. 16 for experimental details). The AChR was 
“immunoprecipitated with rabbit antiserum to the T. californica 
AChR and protein A-Sepharose and was electrophoresed on an 
SDS/10% polyacrylamide gel”. The fluorogram®? of the elec- 
trophoretic analysis is shown. Lane 1, immunoprecipitate derived 
from oocytes injected with T. californica electroplax poly(A)* RNA 
(corresponding to 10oocytes); lane 2, control for lane | 
(immunoprecipitate obtained in the presence of an excess of the 
purified’ T. californica AChR); lane 3, another control for lane 
1 (immunoprecipitate obtained with non-immunized rabbit 
serum); lane 4, immunoprecipitate derived from oocytes injected 
with the mRNAs synthesized in vitro (corresponding to 0.7 oocyte); 
lane 5, control for lane 4 (like lane 2): lane 6, another control for 
Jane 4 (like lane 3). The positions to which the a-, B-, y- and 
6-subunits of the purified T. californica AChR migrated are indi- 
cated. The additional polypeptide found beneath the y-subunit 
may have resulted from different glycosylation or proteolytic 
modification ofthe y-subunit in vivo or in vitro s, 
Methods. The BglII site in the 5’-non-coding region of the AChR 
a-subunit cDNA in the plasmid pKCRat (ref. 16) was deleted 
by cleavage with -BglII followed by treatment with T4 DNA poly- 
merase in the. presence of the four deoxyribonucleoside triphos- 
phates (dNTPs). The resulting plasmid pKCRa3 and the plasmid 
PKCRyI (ref. 16) were cleaved with HindIII and the fragments 
containing the AChR subunit cDNA inserted into the HindIII site 
of the plasmid pSP64 (ref. 18) in the same orientation as the SP6 
promoter to yield the plasmids pSPa and pSPy, respectively. The 
plasmids pKCRBI and pKCRô1 (ref. 16) were digested partially 
with EcoRI, treated by T4 DNA polymerase with the four dNTPs 
and cleaved completely with EcoRI. The resulting DNA fragments 
containing the AChR subunit cDNA were ligated with the 3.0-kb 
pair fragment of pSP64, prepared by successive treatments with 
Hindi, T4 DNA polymerase with the four dNTPs and EcoRI, 
to yield the plasmids pSP8 and pSP6, carrying the £- and 5-subunit 
cDNA, respectively, in the same orientation as the SP6 promoter. 
The AChR subunit-specific mRNAs were synthesized in vitro, using 
Smal-cleaved pSPa, EcoRI-cleaved pSP8, PstI-cleaved pSP-y and 
EcoRI -cleaved pSPô as templates and were then capped in vitro 
with vaccinia virus mRNA guanylyl transferase: the procedures 
used were as described previously”. 
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Fig.2 Membrane potential-dependence of ACh responses recor- 
ded from a Xenopus oocyte injected. with the four AChR subunit- 
specific mRNAs synthesized in vitro, The oocyte was incubated 
for 3 days in the conditions described previously’®. Recordings. 
were made at room temperature in Ringer's solution (a) and in, 
nominally Ca**-free Ringer’s solution (b), both containing TuM 
atropine. ACh was applied by constant ionophoretic current pulses 
(22 nA in intensity and Is in duration; backing current, 12nA 
through a pipette filled with 1 M ACh. Currents (downward deflec 
tion indicating inward current) were recorded under voltage clamp 
at different levels of the membrane potential (mV) as indicated on 
the left side of each record. c, Relations between current (Ginwar 
current being shown as negative current) and membrane potential. 
observed in Ringer's solution (@) and in the Ca?*-free solution | 
(O). The currents plotted were measured at a fixed time as indicated 
by dashed lines in a and b. 


clusions. The reversal potentials of all the responsive AChR. 
mutants, examined in the absence of Ca**, were in the normal’ 
range. 


Deletion mapping 


To locate the segments of the AChR a-subunit involved in the 

ionic channel, we introduced internal deletions to various loci 
of the cDNA corresponding to the carboxy-terminal half of the 
subunit molecule (Fig. 3). Each of the a-subunit-specific:- 
mRNAs synthesized with the cDNA templates with internal 
deletions, combined with the wild-type B-, y- and 5-subunit- 
specific mRNAs, was injected into Xenopus oocytes. The oocytes. 
were examined for the content of the AChR subunit polypeptides. 
and for the functional properties of the AChR formed. The 
amounts of the AChR subunits were estimated by labelling the © 





Table 1 Functional properties o 





Residue change 


'251_q-Bungarotoxin binding 





AChR mutants with altered a-subunit 





Response to ACh 


No. of responsive Mean 
% Inhibition oocytes/ne. ACh 
; Activity by carbamylcholine of oocytes sensitivity 
a-Subunit From To (%) 0.5mM 10mM tested (%) 
Wild type 100 38 80 82/82 100 
224-237 LFSFLTGLVF PSS 0.5 NT NT 0/15 ND 
YLPT 
a 8249-257 VLLSLTVFL Ss 17 47 87 0/15 ND 
a@A279-284 LFTMIF PSS 8 50 80 0/15 ND 
“ @A316-322 FIDTIPN RAR 60 39 86 28/29 31 
@A327-334 STMKRASK RAR 80 44 82 14/14 70 
@A334-344 KEKQENKIFA A 71 44 82 29/29 55 
D 
© @h344-352 DDIDISDIS ELA 101 36 79 14/14 122 
a A353-357 GKQVT R 58 37 82 29/29 142 
4355-389 QVTGEVIFQT PSS 45 38 7 14/14 3 
PLIKNPDVKS 
AIEGVKYIAE 
HMKSD 
i a A363-367 QTPLI PSS 83 39 17 14/14 101 
@A366-371 LIKNPD Ss gi 34 81 29/29 31 
#A366-389 LIKNPDVKSA SS 37 38 78 2/14 0.1 
: IEGVK YIAEH 
MKSD 
DVKSAIE A 44 38 81 4/14 0.2 
IEGVKYIA EL 43 46 84 0/14 ND 
IEGVKYIAEH SS 36 37 78 0/14 ND 
MKSD 
a@&382-389 IAEHMKSD TSS 29 40 gi 0/14 ND 
@ 4389-395 DEESSNA EL 48 38 80 29/29 65 
a 394-401 NAAEEWKY TSS 40 54 89 0/42 ND 
a A409.-420 ILLCVFMLIC EL 23 38 77 0/29 ND 
H 
aA428-434 GRLIELS R 80 39 83 27/27 15 
al28S C S 0.08 NT NT 0/14 ND 
a1425 C S ND NT NT 0/14 ND 
&192S C S 39 8 27 0/14 ND 
@1938 Cc S 28 13 53 0/14 ND 
. &2225 c S 79 36 83 28/28 107 
alsi D N D 0.09 NT NT 0/14 ND 
























ypeptides with *°S-methionine and isolating them by 
mmwunoprecipitation followed by SDS-polyacrylamide gel elec- 
ophoresis. Densitometric scanning of the fluorograms (Fig. 
a-e) showed that for all AChR mutants with a deletion in the 
Subunit, there were sufficient concentrations of the four sub- 
t polypeptides (at least 10% of the wild type) to allow assay 
f the functional parameters for the AChR. 

‘The effects of the various deletions in the AChR a-subunit 
n the '?°I-a-bungarotoxin binding activity and the membrane 
otential response to ACh are shown in Table 1. Inhibition of 
a-bungarotoxin binding by carbamylcholine was used as a 
measure of the binding affinity for the agonist. The toxin binding 
tivities of most of the AChR mutants with a deletion in the 
a-subunit were comparable with the wild-type activity, whereas 
the ACHR mutant with the a-subunit with a deletion in segment 
"M1 (@42242237) had markedly reduced activity. The relatively 
ow toxin. binding activities of some other AChR mutants (for 
xample, @A279-284) can roughly be accounted for by the 
bserved decreases in the amount of the a-subunit responsible 


for a-bungarotoxin binding'®**”*. 


The toxin binding activity of the AChR mutant with aA224- 
237, however, was much lower than expected from the. con- 
centration of a-subunit present (~30% of the wild type). 
(Although the amount of the 6-subunit in this mutant was ~ 10% 
of the wild type, this subunit is not essential to toxin binding'®.) 
Because segment M1, some of which is deleted in the a-subunit 
mutant aA224-237, is adjacent to the extracellularly located 
amino-terminal half of the subunit molecule, this mutation may 
result in a conformational change in the region encompassing 
the toxin binding site. The apparent binding affinity for the 
agonist was not affected significantly in the AChR mutants with 
a deletion in the a-subunit, except for the mutant with a394- 
401, which showed reproducibly an apparent Kp value two- to 
four-fold lower than that of the wild type (Fig. 5a); the mutant 
with aA224-237 exhibited too little toxin binding to allow 
measurement of the inhibition by carbamylcholine. 

All the oocytes injected with the four wild-type subunit- 
specific mRNAs responded to ACh (mean sensitivities, 150- 



















Fig.3 Mutations int 
ducéd into the T. califor- 
nica AChR a-subunit g 
polypeptide. The puta- c 
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‘diagram. The positions 
of deletions are indicated by bars and those of the cysteine and asparagine residues subjected to point mutations by the one-letter code; the 
Mutant numbers indicate the number(s) of the amino acid residue(s)* deleted or altered. 

Methods. The deletion mutants of the AChR a-subunit cDNA were constructed as follows: The plasmid pSPa was cleaved with either Bglll 
or PstI, treated with Bal3! exonuclease, ligated with the SacI linker CGAGCTCG and cleaved with SacI and HindIII. DNA fragments ` 
containing a 5’ portion of the a-subunit cDNA were ligated with the 3.0-kb HindIII/ SacI fragment from pSP64 to yield a series of deletion. 
mutants (pSPa NA). The 2.1-kb EcoRI fragment from pKCRal was inserted into the EcoRI site of pSP64. pSPEa, containing the a-subunit 
cDNA in the same orientation as the SP6 promoter, cleaved with BglII or PstI, treated with Bal31 exonuclease, ligated with the SacI linker 
and cleaved with SacI and EcoRI. DNA fragments containing a 3’ portion of the a-subunit cDNA were ligated with the 3.0-kb Sacl/ EcoRI 
fragment from pSP64 to yield a series of deletion mutants (pSPaCA). Additional deletion mutants were constructed similarly by Bal31 
exonuclease digestion of the a-subunit cDNA from the Haelll (1, 284), Hhal (809) and Hpall (494) sites*. The end point of each deletion 
was determined by DNA sequencing” after subcloning the HindIII/Sacl fragment from pSPa NA and pSPaCA into the vector Mi3mp!1 
(ref. 36). The Saci/ EcoRI fragment containing a 5’ portion of the a-subunit cDNA, derived from pSPa NA, was ligated with the Sacl/EcoRI 
fragment containing a 3’ portion of the a-subunit cDNA, derived from pSPaCA, to produce a plasmid (pSPa A) carrying the a-subunit cDNA 
with an internal deletion. Some of the plasmids obtained were cleaved by SacI, treated by T4 DNA polymerase with the four dNTPs and 
ligated to adjust the translational reading frame in the a-subunit cDNA. All the constructions were confirmed by sequencing’ the region 
encompassing the deletions. The point mutations were introduced”? into the AChR a-subunit cDNA as follows: the 1.8-kb HindIII fragment 
containing the a-subunit cDNA, derived from pKCRa2 (ref. 16), was inserted into the HindIII site of the vector MI3mp8 (ref. 36) in the 
same orientation as the lactose operon. The mutagenic oligodeoxyribonucleotides, synthesized by the triester method*’, were 5’-AA- 
TITCACTATAGCTITT-3’ (a@1288), 5’-CATAGTGCTATTTTGTT-3’ (a@142S), 5’-AGGACAGCTGGTATAAT-3' (1928S), 5’-GTCAG- 
GACTGCAGGTAT-3' (a 1938), 5’-AAGCAGACTAGGAATGA-3' (@222S) and 5'-AGTGCAATCTTGTTGAT-3’ (@141D). To ensure that no 
other mutation than that required occurred during mutagenesis, we sequenced” the entire region extending from the Pvull (109) site to the 
BglII (942) site of the a-subunit cDNA inserted in the recombinant phage. The 0.8-kb Prull/ BglII fragment from the replicative form DNA 
of the recombinant phage with a point mutation was ligated with the 4.3-kb PvuI1/ BglII fragment from pSPa. For further experimental details, 
see ref. 38. 


Fig. 4 Subunit polypeptides of AChR 
mutants synthesized in Xenopus oocytes. 
The derivatives of the plasmid pSPa 
with an internal deletion in the a- 
subunit CDNA and those having a point 
mutation were cleaved with EcoRI and 
“Smal, respectively, and were used as 
templates for transcription in vitro by 
' SP6 polymerase to prepare the mRNAs 
coding for the a-subunit mutants. 
Oocytes were injected with the a- 
subunit-specific mRNA with various e 
mutations, combined with the wild-type È 
B-, y- and ô-subunit-speċific mRNAs in d 2 
a molar ratio of 2:1:1:1 (total mRNA 
concentration, 100ngpl7'). The sub- 
sequent procedures were essentially as 
described in Fig. 1 legend. a-g, 
Fluorograms of electrophoretic analysis 
of the indicated AChR mutants and the 
wild-type AChR; two lanes are presen- 
ted for each sample, bracketed together, of which the left lane shows the immunoprecipitate obtained with rabbit antiserum to the T. californica 
AChR and the right lane a control immunoprecipitate obtained with non-immunized rabbit serum (a-e and g) or obtained with rabbit 
antiserum. to the AChR in the presence of an excess of the purified T. californica AChR (f). a, f and g have been overexposed to show the 
faint bands. Note that some of the a-subunit mutants, for example a A249-257, had an electrophoretic mobility different from that expected 
from their molecular weights. 
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1,000 mV C7 in Ca**-free medium, depending apparently on 
the conditions of the oocytes used). In contrast, the AChR 
mutants with the a-subunit deletion in segment MI (a@A224- 
237), M2 (a@A249-257), M3 (@A279-284) or M4 (@A409-420) 
failed to respond to ACh. Some of the AChR mutants with the 
a-subunit deletion between M3 and M4 were hardly or not at 
all responsive to ACh (a@A355-389, aA366-389, aA371-377, 
a 4376-383, a A376-389, aA382-389 and aA394-401), whereas 
the others had an essentially normal response (@A316-322, 
@A327-334, a 4334-344, a 344-352, œ A353-357, aA363-367, 
aA366-371 and a4A389-395). One AChR mutant with the a- 
subunit having a deletion on the carboxy-terminal side of M4 
(a@A428-434) was also responsive to ACh. 

The short deletions between residues 316 and 371 of the 
a-subunit thus did not impair substantially the functional 





properties of the AChR, nor did they affect appreciably the 
content of the AChR subunit polypeptides. Hence, the proposal’ 
that the segment of residues 334-354 is involved in the ionic. 
channel”® seems unlikely. The dispensable segment found corre 
sponds to most of the putative cytoplasmic region. It remain: 
possible that this segment is responsible for other features o 
the AChR, such as the clustering of receptor molecules or the 
phosphorylation of the receptor. In contrast, the short deletions 
in the four hydrophobic segments (MI-M4) of the a-subunit 
abolished the ACh response, but did not alter the apparent’ 

binding affinity for the agonist. (The effect of the deletion in” 
segment MI on the agonist binding could not be studied.) This 
suggests that these segments take part directly or indirectly in. 
the formation of the ionic channel. The possibility that the 
deletion in MI also affects the agonist binding cannot be: 
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Fig, § Effect of carbamylcholine on '**1-a-bungarotoxin binding 
by AChR mutants. a, AChR mutants with a A389--395 (A), a A394- 
401 (V) or aA428-434 (©) and wild-type AChR (O). b, AChR 

mutants with a192S (©), @193S (V) or a@2228 (A) and wild-type 
, AChR (©). The apparent Kp values for '**1-a-bungarotoxin’® of 
these mutants were essentially the same as that of the wild type 
(~0.2nM). Oocytes were injected with the a-subunit-specific 
mRNA with the indicated mutations, combined with the wild-type 
B-, y- and 6-subunit-specific mRNAs, as described in Fig. 4 legend, 
and were incubated for 3 days as specified previously'*. The effects 
of increasing concentrations of carbamylcholine on the I-a- 
bungarotoxin binding activity in cell extracts were examined as 
described previously'® using 2nM toxin. The toxin binding 
activities were not affected by the presence of 0.03 M and 0.1M 
NaCl instead of carbamylcholine chloride. 


xcluded. The amounts of the AChR subunit polypeptides found 
these mutants (2 10% of the wild type) should be sufficient 
_ for the receptor function because we found that similar or even 
malier amounts of the wild-type polypeptides elicited a clear 
esponse to ACh. 

The positions of the deletions in the a-subunit of the AChR 
mutants showing little or no ACh response (a@A355-389, a A366- 
9, «4371-377, «4376-383, «4376-389 and a A382-389) and 
the responsive mutants with a A366-371 or a@A389-395 indi- 
cate that the segment of residues 372-388 (segment MA) is 
required for the receptor function. Remarkably, this segment 
incides nearly with the amphipathic segment'*:'*. Further- 
re, all the AChR mutants with the a-subunit ladie part or 
il of segment MA had essentially normal apparent binding 
affinity for the agonist and sufficient contents of the subunit 
polypeptides. Thus, our results suggest that this presumably 
a-helical amphipathic segment spans the membrane and is 
involved. in the ionic channel, probably constituting its inner 
_wall. This supports the view that there are five transmembrane 
segments in each subunit'*-'*. The finding that the AChR mutant 
with a@A355-389, in which the entire segment MA is deleted, 
has a slight but unambiguous response to ACh seems to contra- 
ict our conclusion, but in the a-subunit mutant a A355-389 
he segment of residues 340-354, which takes over the original 
position of segment MA, shows an amphipathic a-helical 


for segment MAt to show some function. This assumption seems 





plausible because segment MA of each subunit shows relatively 
low sequence homology between different species, but a con- 
served amphipathic character*' 

Because multiple transmembrane segments may be inserted 
into the membrane in pairs?’*, it is attractive to assume that 
segment MA, together with segment M4, is introduced into the 
membrane. The AChR mutant with the altered a-subunit 
@A394-401 with a deletion in the region between MA and M4 
was not functional, but showed increased apparent binding 
affinity for the agonist; this suggests some interaction between 
this region and the agonist binding site. Interestingly, this region 
of all four AChR subunits contains an excess of negatively- 
charged amino acid residues over positively-charged 
residues**:'°-'? (except for the calf muscle AChR y-subunit’). 
Thus, it is possible that the region between segments MA and 
M4 is involved in the ligand-dependent gating and the cation 
selectivity of the AChR channel. 


Mutations in the ACh binding region 


A disulphide bridge may occur near the ACh binding site of 
the AChR a-subunit'!>. There are seven cysteine residues in 
the T. californica AChR a-subunit*. Two of them (residues 412 
and 418), located within segment M4, can be deleted without 
affecting the apparent binding affinity for the agonist (see mutant 
a 4409-420 described above). Each of the remaining five cysteine 
residues (128, 142, 192, 193 and 222) was converted into serine 
by means of oligonucleotide-directed mutagenesis?’ (Fig. 3), 
because this amino acid is similar in structure to cysteine but 
cannot form a disulphide linkage; these cysteine residues are 
in the extracellularly located amino-terminal half of the a- 
subunit (except for residue 222, positioned in segment M1). For 
the AChR mutants with the altered a-subunit a 192S, a 193S or 
@222S, the contents of the subunit polypeptides were compar- 
able with those of the wild-type AChR, whereas the AChR 
mutants with a128S or a142S contained substantially smaller 
amounts of the a-, y- and 6-subunits (~ 10% of the wild type) 
(Fig. 4f). Thus, the two latter mutations may affect the conforma- 
tion of the a-subunit or its assembly with other subunits, thereby 
reducing the stability of the subunit polypeptides. We have 
observed previously that, when one of the four subunits is absent, 
the remaining subunits are found in diminished concentra- 
tions'®. The AChR mutants with a 128S or a 142S showed hardly 
detectable or no a-bungarotoxin binding activity and failed to 
respond to ACh (Table 1), even though the contents of the 
subunit polypeptides should have been sufficient to elicit a 
readily measurable response. The AChR mutants with 2192S 
or 2193S had nearly normal a-bungarotoxin binding activity 
but were not responsive to ACh. Furthermore, the apparent Kp 
values for the agonist of the mutants with a 192S or a 193S were 
~30- and ~ 10-fold higher than that of the wild type, respectively 
(Fig. 56). Neither the ACh response nor the agonist binding 
was impaired in the AChR mutant with a222S. 

Because the mutation of either of two cysteine residues in a 
disulphide bond is expected to affect the functional properties 
of the AChR in an analogous manner, our results are consistent 
with the presence of a disulphide bridge between the cysteine 
residues 128 and 142 as well as between the cysteine residues 
192 and 193. (The disulphide bridge between two adjacent 
cysteine residues seems unlikely”, but cannot be excluded.) The 
finding that the mutation of either of residues. 128 and 142 leads 
to a decrease in the concentrations of the AChR subunit poly- 
peptides provides further support for the disulphide linkage 
between them. Because the mutation of residue 192 or 193 
resulted in the complete loss of the ACh sensitivity and in a 
marked decrease in the apparent binding affinity for the agonist, 
these residues are probably involved in the binding of ACh and 
also in signal transduction into the opening of the ionic channel. 
These cysteine residues are unique to the a-subunit, being 
conserved in all the fish and mammalian AChR a-subunits 
analysed*”'':'?, whereas the cysteine residues 128 and 142 are 
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that the cysteine residues 192 and 193 of the a-subunit have a 
specific role in agonist binding and signal transduction, whereas 
the cysteine residues 128 and 142 of all four subunits, probably 
forming a disulphide bridge in each subunit, are essential for 
maintaining the proper conformation of the extracellular region 
of the AChR molecule; it is possible that the cysteine residues 
128 and 142 of the a-subunit are also involved in the agonist 
binding. 

The a-subunit of the T. californica AChR contains a single 
potential site of N-glycosidic linkage, the asparagine residue 
141, conserved in all four subunits of the AChR*’*. This 
` asparagine residue of the a-subunit was converted into aspartic 
acid (Fig. 3). SDS-polyacrylamide gel electrophoresis of the 
AChR mutant with the altered a-subunit 2 141D revealed that 
this subunit migrated faster than the wild type (Fig. 4g), suggest- 
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in the amount of the 5-subunit (~ 10% of the wild type. 
observed also, suggesting that the lack of N-glycosylation o 
the a-subunit may affect the assembly of the 6-subunit. Thi 
AChR mutant showed hardly detectable a-bungarotoxin bind- 
ing activity and no ACh response (Table 1), despite the presence 
of sufficient amounts of the subunit polypeptides. This implies 
that the N-glycosylation at the asparagine residue 141 is essential 
for the correct conformation of the a-subunit, thus being 
required for AChR function. 
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White blood cell DNA from cancer patients and DNA from tumours and tumour-derived cell lines frequently demonstratec 
allelic restriction fragments of the Harvey ras oncogene locus not found in the unaffected population. The presence of suc 


unusual alleles may be linked to susceptibility to cancer. 





SPECIFIC cellular genes’, several of which are homologous to 
the ras family of retroviral oncogenes**, have been implicated 
in the pathogenesis of malignant human tumours. Tumour cell 
activation of ras genes, by single-case mutation of gene-coding 
sequences”, has been detected by transfection of NIH 3T3 
mouse cells with DNA preparations from both leukaemias'*' 
and solid tumours'?"'®. 

The human Ha-ras gene, homologous to the transforming 
gene of Harvey murine sarcoma virus’ °, demonstrates a BamHI 
restriction fragment length polymorphism (RFLP)'?. DNA 
sequence data suggest that the basis for this polymorphism is a 
region of tandemly-repeated nucleotides linked closely to the 
Ha-ras coding sequences”’. This structural feature is responsible 
for the generation of many allelic restriction fragments at the 
Ha-ras locus (see below), a potentially useful circumstance for 
the genetic analysis of cancer susceptibility. We describe here 
a population study of Ha-ras alleles to determine whether 





oncogene RFLPs can be exploited in predicting individual risk 
and in monitoring the behaviour of tumours. 


Characterization of Ha-ras polymorphism 


We first investigated the basis for Ha-ras polymorphism by a 
Southern blot survey of DNA from white blood cells (WBC) of- 
unrelated Caucasian individuals. DNAs digested with BamHI, 
blotted and hybridized to radiolabelled Ha-ras probe have either 
a single band or doublet structure of size 6.75-8.7 kilobases 
(kb). Five of these restriction fragments are shown in Fig. la 
and seem to be allelic. Pedigree analysis (data not shown) and ` 
population studies described here support the interpretation that 
such bands are allelic. 

The BamHI fragment containing the EJ/T24 bladder car- 
cinoma oncogene has a region of repetitive DNA ~1.5 kb from 
the 3'-terminus of the coding sequences for Ha-ras”’. In the 
molecular clones used for these sequencing studies, the region 















Normal Patient WBC 


Allele 






















(kb) WBC +tumours 
Common 
al 6.9 158(0.687) 190(0.637) 
a2 7.5 27(0.117) 30(0.101) 
a3 8.0 23(0.100) 23(0.077) 
ad 8.3 13(0.057) 23(0.077) 
Rare 
a4.i 8.4 2(0.0086) 5(0.017) 
al.l 7.0 2(0.0086) 4(0.013) 
al.2 V1 1(0.0043) §(0.017) 
a5 8.7 3(0.013) 0 
a2.2 7.8 0 3(0.010) 
al3 7.4 1(0.0043) 1(0.0033) 
a3.2 8.2 0 2(0.0067) 
a0,1 6.75 0 2(0.0067) 
a2.01 7.55 0 2(0.0067) 
al.4 7.45 0 2(0.0067) 
a3.1 8.1 0 1(0.0033) 
a2.02 7.60 0 1(0.0033) 
a2.1 7.65 0 1(0.0033) 
a2il 17 0 1(0.0033) 
a2.12 7.75 0 1(0.0033) 
a4.2 8.5 0 1(0.0033) 
Totals 230 298 


alleles — 





Total 


alleles WBC Tumours lines 
348(0.659) 102 88 27 
57(0.108) 18 12 14 
46(0.087) 12 lf 2 
36(0.068) 13 10 2 
7(0.013) 2 3 l 
6(0.011) 3 i I 
6(0.011) 2 3 0 
3(0.0056) 0 0 0 
3(0.0056) i 2 0 
2(0.0037) 1 0 1 
2(0.0037) 2 0 0 
2(0.0037) 2 0 0 
2(0.0037) 1 I 3 
2(0.0037) 1 l l 
1(0.0019) i 0 0 
1(0.0019) 0 I 0 
1(0.0019) 1 0 0 
1(0.0019) l 0 0 
1(0.0019) 1 0 0 
1(0.0019) 0 1 0 
528 164 134 52 


DNA preparations from WBC and tumours of unrelated Caucasian individuals were purified and processed for Southern blotting as described 
for Fig. 1. Allelic restriction fragments and estimated. size in kb, are listed in order of decreasing frequency of appearance in the total sample 
(normals + cancer). Numbers in parentheses represent allelic frequencies within each category. The three right hand columns show, separately, the 
allele- data for cancer patient WBC and tumour DNA. Also shown are data from 26 tumour-derived cell lines. 





Table 2 Distribution of Ha-ras genotypes 





al al al 
a2 a3 ç ak 















DNA source 
WBC (197) 


Normals (115) 21 17 8 
Patients (82) 15 7 9 
Tumour tissue (76) 

Leukaemia (55) 7 7 4 

AML (30) 3 5 1 

ALL (7) 2 1 90 

CLL (6) 1 0 0 

CML (12) 1 i 3 

Solid tumours (21) 0 2 3 
Cell lines (26) 

Leukaemia (3) 0 i 0 

Solid tumour (23) 1 0 1 

.-Myelodysplasia (7) 0 0 0 


Common Rare 
ao a2 ww a x 
a3 a4 a4 a3 a4 al a2 
2 3 1 1 0 53 0 9 
2 it 0 1 i 27 0 19 
0 1 0 0 0 27 0 9 
0 0 0 0 0 14 0 7 
0 1 0 0 0 2 0 I 
0 0 0 0 0 4 0 1 
0 0 0 0 0 7 0 0 
i 1 0 0 0 9 0 5(6) 
0 0 0 0 0 2 0 0 
A l 0 0 0 9 6 5(7) 
0 0 6 0 0 0 l 6 


















LL, chronic lymphocytic leukaemia. 


consists of variable tandem repetition (VTR) of a 28-base-pair 
(bp) consensus sequence. It has therefore been suggested that 
the. BamHI RFLP arises by changes in the number of repeat 
units”, supported here by our present finding that the difference 
in BamHI fragment sizes (Fig. 1b) is accounted for always by 
the difference in MspI/Hpall fragment sizes (Fig. Ic). 
(Msp!/Hpall sites closely flank the VTR region; Fig. Id.) 
Occasional and ‘irreproducible discrepancies of 0/1 kb have 
occurred. In addition, the RFLP is demonstrated more easily 
with MspI/ Hpall than BamHI, thus allowing for more sensitive 


“DNA preparations from the indicated sources were processed as described for Fig. 1. Genotypes were assigned by the migration of polymorphic 
d-ras fragments. ‘Common’ genotypes were composed only of alleles al, a2, a3 and a4. ‘Rare’ genotypes displayed at least one allele other.than 
al-ad4. The five rare genotypes in the solid-tumour category collectively accounted for six new alleles. Five rare, solid-tumour-cell-line genotypes 
played a total of seven new alleles. Nine paired samples of patient tumour/ patient WBC DNA (in which two rare alleles were detected) are 
included in both the appropriate categories. The alleles and genotypes of these patients are counted only once in Tables | and 4, under the patient 
WBC heading. Abbreviations: AML, acute myelogenous leukaemia; ALL, acute lymphocytic leukaemia; CML, chronic myelogenous leukaemia: 


detection of fragments with altered migration (compare Fig. 1b 
and c). 


Distribution of Ha-ras alleles and genotypes 


We next determined whether unique Ha-ras. alleles could be 
detected in the genomes of cancer patients and if the distribution 
of genotypes among these patients was altered. Because the 
greatest resolution of the Ha-ras RFLP was obtained with 
Mspi/Hpall, we used this endonuclease combination for 
screening. Combined use also reduced the effect of DNA methyl- 
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Fig. 1 Ha-ras alleles in normal white blood cell DNA. a, Three 
WBC DNAs digested with BamHI and fractionated on a 0.7% 
agarose gel before Southern blotting, b, Five WBC DNAs digested 
with BamHI and fractionated on a 0.7% gel. c, The same five 
DNAs digested with Msp! and Hpall, then electrophoresed on a 
1.4% agarose gel. d, Schematic representation of the BamHI (B) 
fragment containing the human Ha-ras gene. Open boxes, exons; 
hatched box, region of VTR. Many more MspI/ Hpall (M/H) sites 
occur near and within the Ha-ras gene, but the corresponding 
fragments are too small to be visualized on the 1.4% gels used 
here. Peripheral white blood cells of normal individuals were 
prepared by dextran sedimentation. DNA was purified'* and 5 yg 
each sample digested to completion with the indicated restriction 
enzyme. Following electrophoresis on agarose gels, DNA was 
transferred to a nitrocellulose filter by the method of Southern’. 
The BamHI fragment of plasmid pEC (ref. 29) containing the 
Ha-ras gene was purified and nick-translated”! to a specific activity 
of 1-5x10*° c.p.m. pg™!. Filter hybridization, wash and auto- 
radiography were performed as described’. Fragment sizes were 
determined by co-electrophoresis with HindIlIl-digested A DNA. 





ation on digestion. BamHI was used in independent digestions 
of samples yielding new alleles to prove that incomplete diges- 
tion and MspI-site polymorphism were not sources of unusual 
restriction fragments. Data from 197 WBC and 76 tumour-tissue 
DNA samples of unrelated individuals, as well as from 26 
tumour-derived cell line DNA samples, are summarized in 
Tables 1 and 2. ‘Normal’ WBC DNA was obtained from 
individuals without cancer or family history of cancer in first- 
degree relatives, including patients from the General Medicine 
clinic of the hospital, medical centre staff and cancer patient 
spouses. ‘Cancer’ genotypes, both WBC and tumour, were from 
patients chosen consecutively from our haematology-oncology 
clinics. There was no discernible difference in the ethnic compo- 
sition of the two groups. 

Twenty distinct allelic restriction fragments were noted in the 
528 alleles sampled (Table 1). Examination of the allelic 
frequencies showed that Ha-ras alleles could be divided into 
two groups, the first (‘Common’) consisting of four alleles 
occurring with frequencies of 7, 9, 10 and 66% (~93% of the 
total) and the second, (‘Rare’) composed of the remaining 16 
alleles of individual frequency 0.2-1.3%. Of the rare alleles, 
four (al.l, al.2, al.3 and a4.1) occurred in both normal and 











Fig. 2 Ha-ras alleles in tumour DNA. Five ug tumour or normal 
marker DNA were digested with MspI and Hpall (a, b) or with 
BamHI (c). Electrophoresis of Msp1/ Hpall digests was on 1.4% 
agarose gels, BamHI digests on 0.7% gels. Blotting and hybridiz: 
ation as described in Fig. 1. a, Lane 1, marker DNA containing 
a2 and a4 alleles; lane 2, marker DNA containing al and a5 alleles; 
lane 3, ovarian carcinoma DNA |; lane 4, ovarian carcinoma DNA 
2; lane 5, marker DNA containing al and a2 alleles; lane 6, 
oesophageal carcinoma DNA with a3 allele; lane 7, acute lym- 
phocytic leukaemia DNA. b, Lane l, lung carcinoma DNA; lane 
2, marker DNA containing al and a5 alleles; lane 3, ovarian 
carcinoma DNA number |; lane 4, marker DNA containing al 
and a2 alleles; lane 5, WBC DNA from patient with familial 
melanoma. c, Lane |, oesophageal carcinoma DNA; lane 2, marker 
DNA containing al allele; lane 3, lung carcinoma DNA. 












































cancer genotypes, one (a5) was detected only in normals ani 
the remaining 11 occurred only in cancer genomes. Thus, the: 
Ha-ras locus showed more heterogeneity in cancer than normal 
genomes. The same relative distribution of alleles into the tw 
groups was found in both patient WBC and tumour DNAs 
(Table 1). D: 
Rare Ha-ras restriction fragments in WBC and tumour DN. 
of cancer patients (Fig. 2) show sometimes that two new allele 
appear in the same sample (for example, the ovarian carcinoma 
of Fig. 2a, lane 3; b, lane 3). Three affected members of a familial 
melanoma kindred share the same rare allele (Fig. 2b, lane 5). 
(In each case BamHI digestion confirmed the result.) Among 
solid tumours, unusual fragments were present in a melanoma, 
a lymphoma and carcinomas of ovary and lung. All forms of 
leukaemia (except chronic myelogenous leukaemia) demon- 
strated rare alleles. We used five DNA samples with uncommon 
restriction fragments, including one WBC DNA from the 
melanoma kindred, to transfect NIH 3T3 cells by previously. 
described methods'*; in no case was transforming activity 
detected. oe 
Although the rare WBC allele of Fig. 2, lane 5 was from a 
patient with a familial tumour syndrome, such Ha-ras: alleles 
were also detected in WBC DNA of patients with sporadic. 
tumours (Fig. 3, lane 1 W). Because the new alleles were detected 
by MspI/ Hpall, we suggest that the Ha-ras polymorphisms of 
cancer patient WBC and tumour DNA are also generated in 
the VTR region. Digestion with BamHI supports this interpreta- 
tion in all examples except al.4 and a2.01. These alleles were 
too like the a2 allele to be resolved with BamHI, so we could 
not exclude the possibility that al.4 and a2.01 arose by MspI-site 
polymorphism. 
The distribution of Ha-ras genotypes is shown in Table 2. An 
examination of common genotypes among normal WBC DNAs 
supports our earlier statement that the MspI/ Hpall polymor- 
phic fragments show allelism. For example, the Hardy-Wein- 
berg relation predicts that the number of expected al/a2 
genotypes in the sample of 115 should be (115 x2 0.687 
0.117), or 18.5; 21 were observed. Similarly, the observed (expec- 
ted) values for genotypes al /a3, al/a4 and al/al were 17 (15.8), 
8 (9) and 53 (54.2), respectively. Other common genotypes gave 








Fig. 3 Ha-ras alleles in paired DNAs from patients’ WBC and 
tumours. DNA from WBC (W) and tumours (T) of patients 1-3 
were purified, digested with Mspl/Hpall and processed for 
hybridization to Ha-ras probe as described in Fig. 1. Bars mark 
‘the migration of common alleles al and a4. Two distinct metastases 
: (IT and IT’) were the DNA sources from patient 1 (melanoma). 
(Primary tumour DNA was obtained from patient 2 (breast car- 
cinoma). A skin metastasis was the DNA source from patient 3 
(melanoma). 


milar results, leading us to conclude that the segregation of 
common polymorphic fragments in the normal population is 
characteristic of independent alleles. 
_ When the genotype distribution of normal WBC DNA was 
ompared with that of cancer WBC and tumour DNA, several 
patterns emerged. Common genotypes occurred in the same 
elative proportion in each group of DNAs. (The under- 
epresentation of al/a3 in tumour DNAs, for example, was not 
atistically significant.) Genotypes containing rare alleles, 
however, particularly those occurring only once or twice, were 
‘more frequent in patient WBC, tumour and tumour-derived 
cell-line categories. For example, 23% of cancer patient WBC 
genotypes showed very rare alleles, compared with 9% in the 
‘cancer-free population; no single-occurrence allele was found 
in normal genomes. Six of seven patients with myelodysplasia, 


stic changes in hae 
ö acute leukae 


mia, displayed 


-cells with frequent progression t 
rare alleles. 

The individual cases and diagnoses in which rare alleles were 
detected (Table 3) show that the preleukaemic state of myelody- 
splasia is associated with several of the same rare alleles found 
in acute myelogenous leukaemia (AML). The allele a2.2, for 
example, occurs in one case of AML preceded by myelody- 
splasia, in unrelated cases of AML and myelodysplasia and in 
a case of essential thrombocythaemia (unexplained increase in 
platelet production). Other associations between particular 
alleles and a given class of tumours may be discovered when a 
larger number of patient DNA samples has been screened. 

The over-representation of rare alleles in cancer genotypes 
was statistically significant (P<0.01) by x? analysis (Table 4). 
As the overall distribution of common genotypes was the same 
in normal and cancer populations, no common allele was 
excluded preferentially in the cancer population to accommo- 
date the increased number of rare alleles. 


Ha-ras locus instability 


Several other properties of the Ha-ras locus in tumours and 
tumour-derived cell lines were noted. First, none of the 98 
tumour and tumour-derived cell line DNAs showed any sig- 
nificant amplification of Ha-ras. Unlike myc and Ki-ras, loci 
where gene amplification can occur’!'*?, Ha-ras demonstrated 
a remarkably well-conserved copy number, but the locus was 
involved frequently in loss of one allele. This happened 
occasionally in tumours and often in cell lines. We could detect 
subtle changes in relative copy number of Ha-ras alleles because 
of the characteristic changes in band intensity associated with 
fragment size; as larger fragments contained more tandem 
repeats, the hybridization intensity was proportional to fragment 
size (for example, Fig. 2a, lanes 1 and 2). Tumours often con- 
tained altered allelic ratios (Fig. 2a; compare marker ratios in 
lanes 1, 2 and 5 with tumour DNAs in lanes 3, 4 and 7). 
Occasionally, nearly complete loss of an allele occurred. For 
example, the carcinomas of Fig. 2a, lane 6 and b, lane 1, appear 
homozygous. When a BamHI digest of these DNAs was hybrid- 
ized to probe and the autoradiogram deliberately overexposed, 
however, a minor component of the al allele could be demon- 
strated (Fig. 2c, lanes 1 and 3). Finally, cell line DNAs showed 
Ha-ras homozygosity in excess of predictions from allelic 


Teimme 
Table 3 Tumour types associated with rare Ha-ras alleles 





AML Mdys. Lymph. Brst. Sare. 
al.l T w w* W+T 
al.2 T* Ww T 
a2.2 T* w* 
al.3 
a3.2 Ww 
aQ.t wr Ww 
a2.01 T w 

ald w 
a3.l 
a2.02 
a2. 
a2..i 
a2.12 WwW Ww 
24.2 T 
a4.1 Ww 


* Two cases; tremission WBC: t same tumour. 


Ovar. Colon Mela. Miscellaneous 
Basal cell (W) (1) 
Thromb’cyth. (W) (1) 
Mult. myel. (W) (2) 
Ww 
Glioblastoma (W) (1) 
Tt 
W+T 
Lung (T) (5) 
Ww 
w 
TE ALL (T) (7)/CLL (T) (6)/ YHL (W) (1) 


Each row shows the rare alleles in a given tumour type; each column shows tumour types associated with a given rare allele. The final column 
ntains various tumours in which only one rare allele was detected. The numbers in parentheses represent the total number of patients screened. 
wo cases of AML preceded by myelodysplasia are listed under both categories (alleles al.2 and a2.2). The results are derived from 30 cases of 
ML, 7 of myelodysplasia, 7 lymphomas, 13 breast carcinomas, 3 sarcomas, 5 ovarian carcinomas, 7 colon carcinomas and 3 melanomas. Tumour 
es tested, but not yet demonstrating rare alleles (for example, gastric carcinoma), are not listed. Abbreviations: AML, acute myelogenous 
ukaemia; Mdys., myelodysplasia; Lymph., lymphoma; Brst., breast; Sarc., sarcoma: Ovar., ovarian, Mela., melanoma; ALL, acute lymphocyte 
ukaemia; CLL, chronic lymphocytic leukaemia; Thromb’cyth., essential thrombocythaemia; Mult, myel., multiple myeloma; VHL, Von Hippel 
ondau; T, allele detected in tumour DNA; W, allele detected in WBC DNA: W+T, paired WBC and tumour samples. 












































Table 4 Comparison of rare alleles in normal and cancer DNA 





Alleles 
DNA source Common Rare Probability 
Normal WBC 221 9 — 
Tumours + cancer WBC 266 32 <0.01 
Cancer WBC 145 19 <0.01 
Tumours 121 13 0.03 





The column designations ‘Common’ and ‘Rare’ refer to the groups 
described in Table 1. x? analysis (i d.f.) was performed to compare the 
distribution of genotypes in normal WBC DNA versus tumour + cancer 
WBC DNAs. Also compared were normal WBC DNAs versus cancer 
WBC DNAs alone and versus tumour DNA alone. Genotype data from 
myelodysplasia and from cell lines were not included. 


frequencies (Table 2). There was a significant increase of a2/a2 
genotypes. These findings all indicate that, whereas the Ha-ras 
locus of tumours and tumour-derived cell lines was quite 
unstable in the maintenance of heterozygosity, some constraints 
operated to keep the locus close to diploid copy number. 


Origin of rare alleles 


As Ha-ras allelic variation was associated with tandemly- 
repeated DNA and as such DNA may provide an unstable site 
where recombination or amplification could occur, we specu- 
lated that unique alleles are generated within tumours. This 
possibility proved unlikely, however, for three reasons. First, as 
reported here, unique alleles appeared as frequently in patient 
WBC DNA as in tumour DNA. Second, we observed no discord- 
ance between patient WBC and patient tumour genotypes in 
nine paired samples (see Fig. 3). None of the common alleles 
present in WBC DNA were replaced by rare alleles in the tumour 
DNAs. In addition, two of the nine cases demonstrated rare 

“alleles present in both tumour and WBC genotypes. Finally, in 
“cases where the patient’s germline alleles were not available for 
comparison with unique tumour alleles, restriction mapping 
demonstrated that normal restriction sites within 10 kb upstream 
and downstream of the VIR were preserved (data not shown). 
Thus, it was unlikely that a major rearrangement had occurred 
by recombination within the VTR region. We conclude that 
generation of rare restriction fragments within tumours, 
although it may occur sporadically, is not the predominant mode 
by which these alleles have arisen. 

Another possibility is that these variants might arise in utero; 
such an appearance of a tumour susceptibility marker has been 
documented in one patient with retinoblastoma’. When we 
examined first-degree relatives of patients with rare alleles in 
WBC DNA (5 of the 19 cases in Table 2), at least one relative 
also possessed the allele. For example, the fragment denoted 
by the arrow in Fig. 2b, lane 5, was shared by several members 
of the melanoma kindred. 

These observations, although not excluding the generation of 
unusual alleles by events in tumours or in utero, support the 
hypothesis that they were transmitted most frequently as men- 
delian alleles of the Ha-ras locus. 


Discussion 


Our survey of allelic restriction fragments of the human Ha-ras 
locus demonstrates the frequent appearance of unique alleles 
in cancer patients’ WBC and tumour DNA not detected in 
individuals without cancer or a family history of cancer. These 
alleles are inherited in a mendelian fashion, rather than arising 
in tumours or in utero. The allelic fragments are generated 
apparently in the same manner as Ha-ras alleles in the cancer- 
free population; that is, by variation in the number of tandem 
repeats 3’ to the Ha-ras coding sequences. The enrichment of 
very rare Ha-ras allelic restriction fragments in cancer patient 














DNA implies that the RFLP at this locus will be useful in 
assessment of individual risk of tumour development. 

We also observed Ha-ras locus instability in tumours. and 
tumour-derived cell lines, commonly manifested as loss of on 
allele. As allelic loss may be a marker for events leading tot 
expression and consequent selection of recessive phenotypes in 
many types of tumours, the monitoring of locus instability may 
prove an important tool for stud lying tumour progression, as 
demonstrated for retinoblastoma and probably for Wilm’ 
tumour’*”*. It will be useful to determine whether genes asso 
ated with VTRs are particularly unstable in tumours. As tandem 
repeat markers other than Ha-ras are now available (M.C. and 
T.G.K., in preparation), a more comprehensive analysis of suc! 
loci in tumours may soon be possible. 

Why should the variation of tandemly-repeated nucleotides 
affect risk? Such influence might be mediated via the Ha-ras 
gene itself. The unusual VTRs reported here are perhaps 
linkage disequilibrium with Ha-ras mutations which, although 
not sufficiently potent to be detected by transfection, may stil 
contribute to oncogenesis. Linkage disequilibrium with unre- 
lated genes near Ha-ras is possible also. These two hypotheses, 
however, require that the generation of a rare VTR occurs durin; 
the process which results in the appearance of the ‘high-risk 
gene. Such events, leading to marked variation in the tandet 
repeats near Ha-ras, may reflect a source of genomic instabili 
in those destined to develop cancer. In this regard, it is interesti 
that more than one unusual Ha-ras allele almost always appears 
in kindreds with very prominent histories of cancer (N.A.D 
D.R.P. and T.G.K., unpublished observations). Finally, th 
VTRs may themselves be enhancer elements. Thus, the level of 
expression of Ha-ras, which can determine its propensity for 
cell transformation as effectively as mutation’, may be altered, 

Functional analysis of molecular clones of unusual alleles, 
particularly those present in myelodysplasia, and continuing 
population analysis of Ha-ras and other VTR-linked loci, may 
clarify many of these issues. 
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unpublished results). The expression of the p21 gene product 
is also reduced”, 
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The braking index, n, of a pulsar, which describes the dependence 
f the braking torque on rotation frequency, is a fundamental 
arameter of pulsar electrodynamics. Simple theoretical argu- 
ments, based on the assumption of a constant dipolar magnetic 
eld, predict n =3, whereas the only previously measured value 
‘or the Crab pulsar) is 2.515 + 0.005. Here we present radio timing 
observations of the X-ray and radio pulsar, PSR1509— 58, made 
wer an approximately 2-year interval, which yield a second sig- 
‘nificant measurement of n = 2.83 £0.03, more than that for the 
‘rab pulsar, but less than the canonical value of 3. Despite the 
rge period first derivative of PSR1509— 58, there is no evidence 
or glitches or random irregularities in the period. 
The braking index of a pulsar, is defined by the torque 
quation, ý = -Kv”", where v is the pulsar rotation frequency, 
is its first derivative with respect to time and K is a constant. 
or a dipolar magnetic field, braking of the star’s rotation by 
adiation reaction'~*, or by ejection of charged particles*, both 
ve n = 3. From this definition, n = v/v. The pulsar frequency 
‘and its first derivative are relatively easy to measure, so the 
determination of the braking index rests on a measurement of 
_the second time derivative of the frequency (or period). To date, 
there has been only one significant determination’, that for the 
Crab pulsar for which n = 2.515 + 0.005, as for other pulsars the 
secular second-derivative term has been masked by the presence 
of glitches and/or random irregularities in period™®. PSR1509 — 
8, however, discovered first at X-ray wavelengths'° and oe 
ubsequently as a radio pulsar’', has a relatively short period 
150s, and a very large period- derivative, ~1.5x107'* ss =y 
ore than three times that of the Crab pulsar, previously the 
largest known; it is therefore a good candidate for measurement 
of the braking index as its second derivative, resulting from the 
ecular slow-down, should be relatively large. 
` Observations were made at the Molonglo Radio Observatory 
using the Molonglo synthesis telescope (MOST) in total-power 
mode. MOST operates at 843 MHz and has a beam of 
mensions at transit 41 arcs 2° which can track sources to 
low elevations'*. The effective antenna area is 9,000 m°? corre- 
ponding ~0.3 Jy K™', and the intermediate-frequency band- 
vidth is ~3 MHz. Before May 1983, the system temperature on 
cold sky was ~250 K, but then installation of improved pream- 
plifiers reduced the system temperature to ~110 K. The detected 
output was sampled at 2-ms intervals and, using an off-line 
computer, integrated synchronously with the apparent pulsar 
triod; the resultant pulse profile was cross-correlated with a 
ence profile to give a pulse arrival time. 
PSR1509 ~ 58 was observed, together with a reference pulsar, 
PSR1451 —68, a total of 109 times between 1982 June 6 and 
984 April 8. Each observation of PSR1509—58 was of 4,000-s 
uration and typically yielded a pulse profile with a peak/r.m-s.- 
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Fig. 1 Residuals (observed — predicted) from fits to pulse-arrival- 

time data for PSR1509— 58. For the upper panel, the parameters 

fitted are pulsar position, phase zero, frequency and frequency 

derivative. The solid line shows the fit when a cubic term represent- 

ing the frequency-2nd-derivative is included. Residuals from the 
latter fit are shown enlarged in the lower panel. 


noise ratio of 10. The arrival times from the cross-correlation 
analysis were corrected to the Solar System barycentre using 
the MIT ephemeris and the pulsar position and period para- 
meters calculated using standard techniques’. 

Parameters derived from fitting the position, phase zero, pulse 
frequency, frequency derivative and frequency-second deriva- 
tive are given in Table 1, where errors quoted are twice the 
formal standard deviation (the error in pulse frequency is in the 
last digit quoted). The position does not include the E-terms of 
aberration, Aa = —0.026 s and Ad = +0.22”, which must be added 
to the quoted position to convert it to the FK4 system. The 
quoted first derivative, ¥, is equivalent to a period derivative of 
(1.540189 + 0.000006) x 107!’ ss~', consistent with, but more 
accurate than, the values based on X-ray measurements"*, Figure 
1 shows the residuals from a fit omitting the second-derivative 
term (upper) and the residuals from the final fit (lower). The 
cubic phase term representing the second derivative is clearly 
evident in the upper panel and the lower panel shows that the 
residuals from the final fit can be completely accounted for by 
measurement error. There is no evidence for any reduction in 
the amplitude of the residuals following the improvement in the 
preamplifiers (that is, after Julian day 2,445,460) indicating that 
the residuals are dominated by effects other than noise. Across 
the 3-MHz bandwidth the interstellar dispersive delay changes 
by ~10 ms. Thus, relative enhancement of the pulsar signal in 
a portion of the received bandpass could account for most of 
the observed 2.8-ms-r.m.s. scatter and, as a bandwidth of 
~1 MHz for interstellar scintillations is not outside the range 
of expected values'*, we suggest that this effect accounts for the 
bulk of the observed residuals. 











“The: second- derivative term is apparently very significant, 
being ~200 times the estimated error, but experience with other 
pulsars has shown that random irregularities i in the pulsar period 
often produce a strong cubic component in the phase residuals 
(see, for example, ref. 9). Indeed, it is characteristic of such fits 
that they fail to predict the pulse phase for any reasonable length 
of time (for example, a substantial fraction of the interval fitted) 
and that the magnitude of the second-derivative parameter is 
dependent on the length of the data interval fitted. On both of 
these counts, PSR1509—58 performs well; a fit to the data up 
to end of 1983 gave a frequency-second derivative of 1.960 x 
107% s~", only 1% different from the value in Table 1, and this 
fit edits the phase to the end of the present data set to better 
than 0.1 periods. 

As a diagnostic for the effects of random processes, Cordes 
and Helfand‘ Suggest a parameter r= op(3, T)/op(2, T), 
where o,(n, T) is the r.m.s. residual due to random processes 
for a fit of order n to arrival-time data spanning an interval T. 
If we make the conservative assumption that measurement error 
and random. processes contribute equally to the observed vari- 
ance, then, for PSR1509— 58, o,(3, 650 day)~2 ms, which, with 
the r.m.s. residual for the second-order fit (upper panel of Fig. 
1) of ~160 ms, gives an apparent value for r», of 0.01. For 
random processes r3, ~~ 0.5; a value as low as 0.01 is inconsistent 
with phase noise and frequency noise and is unlikely to be 
obtained with slowing-down noise’. 

We therefore conclude that the derived second-derivative term 
is not dominated by random processes, but represents the secular 
effect expected on the basis of the torque law. The value derived 
for the braking index is n =2.83+0.03, where the estimated 
error has again been doubled to allow for possible contamination 
of the second derivative by random processes. 

In summary, the good fit of the standard timing model to the 
observed pulse arrival times rules out any remaining possibility 
that PSR1509 -- 58 is a member of a binary system of the type 
which would allow the X-ray emission to be powered by 
accretion; PSR1509 — 58 is therefore the second example (after 
the Crab pulsar) of an isolated pulsar emitting pulsed radiation 


E at X-ray wavelengths. 


The derived FK4 position, a=15h 09min 59.03s, 5= 
~38° 56’ 57.9”, is 3.6" east and 0.9” south of the X-ray position 
given by Seward and Harnden'° and within the error circle 
(5-arc s radius) quoted by them. 

It is significant that these observations have shown no 
evidence for either glitches or more continuous random 
irregularities in the pulsar period. Models involving unpinning 
and subsequent recoupling of vortex lines in the superfluid 
region of neutron star interiors'® seem to provide the most 
satisfactory explanation of the large glitches observed in the 
Vela and other pulsars. Alpar and Ho” suggest that the time 
between glitches is given by t,= 60/|O/, where [|= 27\| is 
the slowing down rate and 60 i is a critical frequency increment. 
From the observed glitches, values of 50 in the range 107°- 107? 
rad s`" are obtained. Because of the large frequency derivative, 
predicted glitch intervals for PSR1509-—58 are very short, of 
30-300 days, but no major glitch has occurred in the ~650-day 
interval observed so far. Continuing observations will put 
stronger limits on the actual glitch frequency. 

Pulsars with large period derivatives tend to have stronger 
random irregularities in their period®. An ‘activity parameter’, 
A= log (op(2, T)/op(2, T) crap), can be defined® as a quantita- 
tive estimate of the level of these timing irregularities. For the 
Crab pulsar, o,(2, 1,600 day)=12 ms; as the Crab timing 
irregularities have the character of frequency noise’, 
(og(n, T))x< T°/?, and so og(2, 650 day)cran = 3 ms. For random 
processes r3: 0.5, so we take op(2, 650 day) to be <4 ms for 
PSR1509 — 58. Therefore PSR1509 — 58 has timing irregularities 
comparable with, or less than, those in the Crab pulsar, that is, 
A<0.1, whereas stronger irregularities would be expected on 
the basis of the large period derivative. As the observed residuals 
can be fully accounted for by measurement error, it is clearly 
desirable to reduce the size of this error. 












Parameters of PSR1509— 58 from pulse-timing analy 


‘Table I 





RA (1950.0) a = 15h 09 min 59.06 s +0.07 s 
Dec. (1950.0) ê = —58° 56’ 58.1" + 0.7” 
Frequency v = 6.656424796 +3 57! 


ù = ( — 6.82427 + 0.00003) x 107! s7? 
# = (1.982 + 0.009) x 1077! 57° 


= 2,445,144.7437 
= 2.8 ms 


First derivative 
Second derivative 


Epoch (Julian day) 
R.m.s. residual 





The measured braking index for PSR1509—58, 2.83+0.03 
lies between the theoretically-predicted value, 3.0, for a dipol 
field, and the only other measured value, 2. 515, for the Crak 
pulsar’. Many factors can influence the braking index of | 
pulsar; the most probable reason for a braking index of <3, 
radial deformation of the magnetic-field lines, for example; 
an outflowing plasma'?'®, In the limiting case of a stellar wind’ 

= 1. If plasma contributes significantly to the braking of pulsa 
rotation, the radius of the Alfvén cylinder must be comparabl 
to, or less than, that of the light cylinder. The Alfvén cylinde: 
radius is defined by B?/8a ~ pri’, where O = 2arv and Ban 
p are respectively, the magnetic-fux densit ty and particle-mas 
density at r=r,. Hence, r,~ 7/*°/(MQ)"*, where p= Br? 
the magnetic moment of the neutron star and M = 4p Qr, 
the total mass-loss rate. The braking torque resulting from 
Me acceleration of the plasma is -N= Mor, 

*y4/50/5_ The effective braking index is therefore deter 
mined by the Q- dependence of M, and requiring that ra < ¢/Q 
the light cylinder radius, gives M > p KOVIS The condition o 
equality gives n=3, whereas n<3 if M varies with Q mot 
slowly than N4. The observation that n is <3 is strong evidence 
that a large fraction of the angular momentum and energy los: 
from the pulsar is in the form of particles, although it is possibl 
that vacuum conditions apply in some portions of the magneto. 
sphere with other portions being plasma dominated. The sam 
applies of course to the Crab pulsar and we note that both 
pulsars emit X- fay pulses and are surrounded by nontherma 
X-ray nebulae”. E 
For a constant braking index, the age of a pulsar, t, is given 


v v n-} : 
=~ -(3) | a 


where v; is the pulse frequency at t=0. For », >», t= 
~v/(n—-1)%=1,690 yr for PSR1509-—58, but, if the brakin 
index increases with time, the pulsar age may be (slightly) greate 
than this. On the other hand, if v; is not very large compared 
with the present v, then the age will be less. In conclusion thi 
small age of PSR1509—58 is confirmed by the present observa 
tions and the question of its association with the possibly-much 
older supernova remnant G320.4— 1.2 or MSH15— 52 remains 
somewhat controversial? 7, 
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During a systematic survey of X-ray flux-limited late-type stars’, 
have rediscovered a highly reddened emission-line star, pre- 
usly listed? as AS431, which sheds light on whether both radio 
: X-ray emission from the winds of very hot stars can be 
non-thermal in origin. We report here Einstein observations reveal- 
ing that AS431 has a highly absorbed X-ray spectrum and a 
relatively strong intrinsic flux of 25107" ergcm™*s"', and 
observations at 20 cm and 6 cm with the National Radio Astronomy 
bservatory Very Large Array (VLA), showing that it is also a 
erately strong radio source (~ 35 mJy). These data, together 
with optical and infrared observations, suggest a model in which 
both the radio and X-ray emissions arise in a chaotic stellar wind 
emerging from a single luminous Wolf—Rayet star. 

. The Einstein Imaging Proportional Counter* (IPC) pulse- 
height data (0.5-4 keV), fitted using thermal-plasma emission 
models (with cosmic abundances)*, are shown in Fig. 1. Best 
fits (x? per degree of freedom <1) yield a temperature of 
T 20.SkeV and an absorbing column density of Ny> 
0” cm™”. An intrinsic source flux of =5 x 107'? erg cm™* 5"! is 
indicated, although, because of the large and uncertain correc- 
ion for the absorption, values ~40-fold greater than this are 
allowable by the data. We approximate the flux by this lower 
imit throughout, despite its being derived from the hardest 
allowable spectrum (kT =5keV)—much greater than that 
observed in any other early-type stellar source. A x? distribution 
ton the X-ray light curve was consistent with AS431 having 
instant intensity on time scales ranging from ~100s (limited 
counting statistics) to the entire observation length of 5,700 s. 
No clear photospheric absorption features (for example, TiO 
nds) are seen in the 5,500-8,000-A band of the optical spec- 
mof the source (Fig. 2), although the interstellar Na-D lines 
d 6,284-A band are probably present; this precludes the 
possibility of AS431 being a late-type emission-line dwarf. The 
arge He 1 (A = 5,876, 6,678 and 7,065-A)/ Ha emission-line ratio 
is, in fact, characteristic of a Wolf-Rayet (W-R) star. Higher- 
esolution spectra show that the two Na-D absorption features 
may be partially filled in by the strong He 1 5,876-A emission 
ine, making it difficult to determine the equivalent width of the 
absorption lines used in estimating the distance to AS431. P. 
Massey (personal communication) has independently classified 
his star from his higher resolution spectra as WN8 and it is 
included in the sixth catalogue of W-R stars (no. 147) by van 
der Hucht et al‘. 

Multicolour photometry was performed at Kitt Peak National 
Observatory using the automated filter photometer on the no. 
. 0.9-m telescope and the following magnitudes were obtained: 
U= 18.37, B= 16.72, V= 13.84, R= 11.00 and I =9.14. A two- 
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Fig. 1 The IPC pulse-height data for AS431 fitted using thermal 


plasma emission models. The minimum acceptable values of tem- 
perature, kT, and absorbing column density, Ny, are shown. 
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Fig. 2 The optical spectrum of AS431 obtained from the Black 

Moshannon Observatory 62-inch reflector using a low-dispersion 

(100-300 A mm™') fibre-coupled spectrograph. The resolution is 

~45 A and the total integration time is ~900 s. The positions of 

the three Het emission lines and the Ha emission line are 
indicated. 


colour (U-B against B-V) plot is shown in Fig. 3. As AS431 
possesses a W-R-type spectrum, heavy interstellar absorption 
(A, =7-10 mag, determined from the standard reddening law’) 
is probably responsible for its place at the extreme lower right 
of the diagram. This is consistent with the value of A, determined 
from comparing the ratio of its total and selective extinctions 
(R, = A,/Eg_y) with the colour excess (E,.,-); the large value 
of Ep_y ~ 3-4 (assuming —0.5 < (B-V))< —0.2 for W-R stars), 
combined with the canonical ratio of R, = 3.0+ 0.2 (ref. 9), yields 
A, ~ 8-11. These values are consistent with the X-ray column 
density (Ny > 10” cm~*) for an absorbing medium with typi- 
cal interstellar values of dust/gas ratio (Ny~ 2 10?'A, em? 
mag ')”. 

Data from the more appropriate narrow band-pass filter sys- 
tem for W-R stars'*!' are also consistent with A,~ 7-11 and 
imply a distance of ~2 kpc to AS431 (WR 147), which is known 
to be very close to WRs 144, 145 and 146, members of the heavily 
reddened Cyg OB2 association ~2 kpc” distant: At this dist- 
ance, AS431 would have —8< M, < —7, typical of WN8 stars® 
and its resulting X-ray luminosity (L,) is =2.4.x10" ergs™! 
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Fig.3 Two-colour diagram (U~-B versus B-V). The positions of 

the main sequence, the W-R region and the standard reddening 

law as applied to AS431 are indicated. The error bars result from 
the ‘red leak’ uncertainty in the U magnitude. 
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Fig. 4 Plot of the flux density against frequency for all observa- 
tions of AS431. The filled: circles represent the uncorrected fluxes; 
a few dereddened fluxes (with error bars corresponding to the 
uncertainty in A,) are shown by the open squares. The typical 
S, x p” relation observed for W-R stars between 5 GHz and 10 pm 
is indicated (a = 0.75). The expected a = 1/3 optical relation for 
an accretion source is also shown. The line at the right represents 
the lower limit to the intrinsic flux in the Einstein X-ray band of 
0.5-4.0 keV. 


with an L,/ Leoi ratio of =2 x 107’ (assuming a bolometric cor- 
rection of ~4 mag), values which mark AS431 as one of the 
most X-ray luminous W-R stars yet observed”. 

Subsequent infrared photometry taken at Kitt Peak with the 
2.1-m telescope (10-arcs aperture size) yielded magnitudes of 
J =6.09, H = 4.92 and K = 4.15, enabling us to postulate that a 
dust shell surrounds AS431. A value of A, ~ 10 corresponds to 
values of A, ~ 2.3, A; ~1.1 and Ay ~0.7 (ref. 14). Having 
observed E;_,¢ 21.54 (assuming 0.2<(J-K))<0.4 for W-R 
stars®), not all of which can be due to the absorbing material, 
we suggest that infrared-excess emission (not unusual for W-R 
stars} accounts for the difference, occurring by either free-free 











emission in a gaseous shell or thermal emission from grains ir 
a circumstellar dust shell'>. However, as the dereddened infrare 
fluxes for AS431 lie above the spectrum usually ascribed t 
free-free sources (F, = constant)'*, we suggest that a circumstel-: 
lar dust shell is the source of the infrared excess. 

AS431 was also observed at 1.465 GHz (50-MHz bandwidth 
in the B-C configuration and at 4.885 GHz (50-MHz bandwidth 
in the C-D configuration at the VLA on 11 March and 18 Jul: 
1984, respectively. In snapshots lasting ~10 min, the integra 
fluxes were 36+ 3 mJy at 20 cm and 38+ 1 mJy at 6 cm, yieldin 
aspectral index a ~ 0.05 and implying, at 2 kpc, a radio luminos 
ity of Le~ 107° erg s™' Hz™!. In another survey”, AS431, wher 
observed (May 1984) at 6cm with the VLA, giving a flux o 
~34 mJy, was partially resolved and ~20 times brighter tha 
any of the other ( ~20) W-R stars also observed. Using standar: 
thermal-wind-emission models'® and assuming a terminal-wink 
velocity v..~ 2,000 kms~', He**/He* ~1 and He/H >I (rel 
19), one obtains a mass-loss rate for AS431 of M 
3.9x10°4Mo yr`', about an order of | magnitude larger than th 
average value for other W-R stars’. The nature of the radi 
emission is uncertain, as, being extended, it suggests a thermal 
wind model, whereas the large M and the flat spectrum otherwis 
imply a non-thermal source. 

One possible mechanism is accretion of the high-velocit; 
stellar wind onto a compact companion” . W-R stars in binary 
systems with compact companions (WN+c systems) are no 
uncommon’'. If AS431 were such a system, the large amount: 
of both X-ray and radio emission could be explained by th 
combination of thermal emission from the wind and non-therma 
emission from accretion and would no longer be anomalous 
Figure 4 shows the spectrum of AS431 from the radio to X-ra 
regions. Accretion models” suggest a =2 in the radio regime 
and a =0.33 (dotted line) for the optical and near-infrared 
radiation, but neither of these agree with our observations, wher 
radio ~ ~Oand opica ~ 1. Also, variability has not been observec 
in either regime, although it is typical of most accretion sources 

An alternative non-thermal mechanism is the acceleration « 
relativistic electrons by shocks near the base of the wind”. In 
such chaotic stellar wind models, reasonable stellar parameters 
yield a flat spectrum above radio frequencies of ~ 1 GHz and, 
in this case, the infrared spectrum will be dominated by thermal 
emission from the wind. The dashed line (a ~ 0.75) in. Fig. 4 
represents the typical S, v” relation (where S, is the flux a 
frequency v and a is the spectral index), between 5 GHz and 
10 um, for W-R stars'®, which is in reasonable agreement: with 
the data for AS431. In addition, the e predicted radio flux (assum- 
ing (M) for W-R stars is ~2 x10 Mo yr™') is within 50% 0 
that observed; the model further predicts that some flat-spectrum 
synchrotron sources ought to be resolvable. As these embedded. 
shock models” have been shown to describe adequately the 
observed X-ray emission from hot stars as well*’, we are com- 
pelled to consider them for the rather high X-ray and radio 

emission of AS431, whereas for weaker W-R stars, simple ther: 
mal models apparently suffice. 

The Infrared Astronomical Satellite all-sky survey should 
reveal AS431 as a strong source (5-25 Jy) at all wavelength: 
(12, 25, 60 and 100 pm) and yield more accurate determination: 
of the contribution of the dust shell to the extinction and infrared 
emission. Higher-resolution radio observations could potentially 
distinguish between thermal and non-thermal models by deter-. 
mining the surface brightness profile of the source. 
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NSF for grant AST-8313685. G.A.C. and D.J.H. also thank the 
Alfred P. Sloan Foundation for support; J.A.N. and L.O.T. were 
supported by NASA grant NAG5-100. The NRAO is operated 
by Associated Universities Inc. and Kitt Peak National Observa 
tory, by the Association of Universities for Research in 
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ceived 18 September: accepted 16 November 1984. 


Caitautt, J.-P., Chanan, G. A, Helfand, D. J., Margon, B. & Downes, R. Bull Am. astr. 
: Soc: 14, 951 (1982). 

2: Takalo, L., Nousek, J., Caillault, J.-P. & Helfand, D, J. Bull. Am. astr. Soc. 16, 469 (1984). 
|. Merrill, P. W. & Burwell, C. G. Astrophys. J. 112, 72-89 (1950). 

4. Giacconi, R. ef al Astrophys, J. 238, 540-550 (1979). 

$. Raymond; J. C. & Smith, B. W. Astrophys. J. Suppi. 35, 419-439 (1977). 

van der Huchi, K. A., Conti, P. S., Lundstrom, I. & Stenhoim, B. Space Sci. Rev. 28, 227-306 
(1981). 

Miler, W. A. & Johnson, H. L. Astrophys. J. 124, 367-378 (1956). 

. Johnson, H. L. A. Rev. Astr. Astrophys, 4, 193-206 (1966). 

Spitzer, L, Jr Physical Processes in the Interstellar Medium, 149-171 (Wiley, New York, 1978). 

i; Massey, P. Astrophys. J. 281, 789-799 (1984). 

T. Smith, L. F. Mon. Not. R, astr, Soc. 140, 409-433 (1968). 

2. Abbott, D. C., Bieging, J. H. & Churchwell, E. Astrophys. J. 250, 645-659 (1981). 

. Sanders, W. T., Cassinelli, J. P., Myers, R. V. & van der Hucht, K. Astrophys. J. (submitted). 
Persson, S. E., Aaronson, M., Cohen, J. G., Frogel, J. A. & Matthews, K. Astrophys. J. 266, 
405-129 (1983). 

i Cohen, M., Bariow, M. J. & Kuhi, L. V. Astr. Astrophys. 40, 291-302 (1975). 
Gallagher, J. S. & Ney, E. P. Asirophys. J. Lett. 204, 135-139 (1976). 

; Abbott, D. C. & Bieging, J. H. Buil Am. astr. Soc. 16, 508 (1984). 

8; Wright, A. E. & Barlow, M, J. Mon. Not. R. astr. Soc. 170, 41-51 (1975). 

Barlow, M. J., Smith, L. J. & Willis, A. J. Mon. Not. R. astr. Soc, 196, 101-110 (1981). 
: Abbott, D. C., Bieging, J. H. & Churchwell, E. Astrophys. J. 280, 671-678 (1984). 
. Moffat, A. F. J. IAU Symp. 99, 263-275 (1982). 

Pringle, J. È. A. Rev. Astr. Astrophys, 19, 137-162 (1981). 

i White, R. L. Astrophys. J. (submitted). 

4. Lucy, L. B. & White, R, L. Astrophys. J. 241, 300-305 (1980). 

Cassinelli, J. P. & Swank, J. Astrophys. J. 271, 681-690 (1983). 





Ultraviolet radiation from stellar 

flares and the coronal 

X-ray emission for dwarf-Me stars 

J. G. Doyle & C. J. Butler 

Armagh Observatory, College Hill, Armagh, Northern Ireland, UK 





The origin of chromospheric and coronal emission is thought to 
derive ultimately from magnetic fields generated by a dynamo 
mechanism involving the interaction of rotation and convection’. 
Although these magnetic fields are difficult to detect directly, the 
dramatic stellar flares, believed to be the result of magnetic 
‘reconnection, have been observed for many years on dwarf Me 
- (dMe) stars. Here we correlate Einstein observations of the X-ray 
flux of quiescent dMe stars with the time-averaged energy emitted 
by flares in the Johnson-U band, showing that the X-ray energy 
emitted by the coronae of these stars is about an order of magnitude 
greater than the U-band flare energy. From our estimate of the 
ratio of the total radiation emitted to the U-band flux, it is possible 
that, if a similar amount of energy were dissipated in the stellar 
atmosphere, then the observed flare events could heat the coronae 
of these stars. 

In a survey of X-ray fluxes from the Einstein satellite’, those 
for the dMe stars varied over three orders of magnitude. To 
investigate the relationship between this flux and flare activity, 
we compiled a list of stars (Table 1) for which both the flare- 
activity rate in the U band and the ‘quiescent’ X-ray flux were 
known. The time-averaged flare energy, L*, is defined as the 
summation of the total flare energy divided by the total monitor- 
g time and L, is the X-ray flux observed by the Imaging 
Proportional Counter on board Einstein, in the energy range 
0.2-4 keV, while the star was judged to be quiescent. No attempt 
was made to correct the U data for detection threshold, which, 
despite the use of telescopes of different size, should not affect 
seriously the data, given sufficient monitoring hours to determine 
the rate. Furthermore, as large flares dominate the time-averaged 
energy, differences in the threshold are not a serious concern. 
Spectral. classification is from refs 3-6 and, except GI 15A and 
GI 825, all stars exhibit their hydrogen-Balmer lines in emission. 
A straight line through the data plotted in Fig. 1 (excluding 
© uncertain points for GI 234A and GI 735) has the form log L, = 
L.Olog L¥+ 1.12. 

Of the two recorded observations of flaring on G1 7357", doubt 
exists for one of these’ concerning the determination of the 
-time-averaged flare energy; the other was of 5 Johnson-B-band 
flares during 30h of monitoring. Using the relatiosnhip L, = 
1.2.L, (ref. 9), these observations would imply log L* = 27.59, 











log Ly 


Fig. 1 A plot of the time-averaged flare energy in the U band, 

L*, the ‘quiescent’ X-ray flux, L,. Both L* and L, are in units of 

erg s-'. Open circles represent data points based on <I5h of 
observation and thus are probably uncertain. 


which is in excellent agreement with the mean relation for the 
other stars in Fig. 1. The existing data for GI 234A are based 
on only 8.8 h of monitoring'®. One of us (J.G.D.) has recently 
observed Gi 234A with the 0.75 m telescope at the South African 
Astronomical Observatory, but because of poor weather the 
accumulated monitoring time was only 4h, during which the 
time-averaged flare energy was an order of magnitude less than 
that given in Table 1. Thus, further observations for these two 
stars are required. 

Before discussing the implications of the relationship between 
L, and L*, we should address the uniqueness of relationships 
involving X-ray flux and certain activity parameters such as 
rotation rate and Ca(11) flux. Because of the sensitivity threshold 
of present X-ray detectors, the data for nearby dwarfs are highly 
selective in that the intrinsically-feint sources are only seen in 
close proximity to the Solar System and the less common intrinsi- 
cally-brighter sources are only seen further away''. Thus we do 
not have a genuine volume-limited sample if detection in X rays 
is the criterion of selection; but, for the data plotted in Fig. 1, 
the data are selected not according to their X-ray flux but by 
optical observers monitoring for flares in the U band. In compil- 
ing Table | we have listed all the data for U band monitoring 
of known flares and for all of these stars the X-ray flux has been 
measured by Einstein; our sample-selection criterion is therefore 
the detectability of optical flares, rather than detection of X-ray 
emission. Exactly how the optical observers have selected their 
objects is difficult to assess, but, as most use relatively small 
telescopes, a magnitude limit of B ~ 12 is probably appropriate. 
The dMe stars in our sample range from V = 8-13.5, that is, a 
difference of over two orders of magnitude in optical brightness, 
randomly distributed in distance. Hence we believe the correla- 
tion in Fig. 1 is significant and not an artefact of selection effects. 

The slope of the line in Fig. 1 is unity, which implies that 
L, X L*, that is the quiescent coronal emission is proportional 
to the time-averaged energy of the flares observed in the U band. 
From the solar analogy, any aspect of stellar activity, such as 
L*, should be correlated with the coronal X-ray emission, but 
this correlation was not expected to be linear over a range of 
over three orders of magnitude-——an empirical result for which 
the physical mechanism is not yet understood. Two possibilities 
are: (1) that both the flare rate and the X-ray emission are the 
result of ‘magnetic activity’, but that L, is not a direct result of 
L* and (2) that the X-ray emission is a direct result of heating 
by flares and therefore L, x L*. In the first case the mechanism 
responsible for the optically-detected flares may parallel a 














Table 1 Flare stars 





Star Name Spectral type 
GI 182 V1005 Ori dM0.5e 
Gi 388 AD Leo dM3.5e 
GI 285 YZ CMi dM4.Se 
Gi 65 UV Cet dM6e 
GI 278c YY Gem dMie 
Gi 896 EQ Peg dM4e 

: -G1 406 CN Leo dM6.5e 
GI 867A FK Aql dMle 

° GI 825 dMi 
Gi 735 V1285 Aql dM3e 
GI 803 AU Mic dM2.5e 
GI 15A dM2.5 
GI 551 Prox Cen dM5e 
GI 229 dM2.5 
GI 166c 40 Eri C dM4e 
Gl 234A Ross 614A dM4.5e 
GI 799A AT Mic dM4.5e 
Gl 644 Wolf 630 dM3.5e 


log L, log L* T, 
29.5?! 28,87! 62.1 
29.0! 27.77 48.0 
28.57 27,544.25 51.6 
27.3-27.67 26.7746 32.9 
29.67 28.974 74.9 
28.87 27.874 51.5 
26.6-27.17'7 25.874 29.0 
29.0! 27.777 21.3 
27.2! 26.078 26.0 
28.7°° 26.4’ 14.5 
29.9°° 28.673! 32.1 
27.17 26.0° 48:3 
26.6-27.473 25,53? 39.3 
26.879 25.9 6.7 
27.87 26.8 16.3 
26.9! 26.8'° 8.8 
29,3) 27,9'° 13 
29.37 27,78 46.5 


A tabulation of flare stars, whose ‘quiescent’ X-ray flux L, and time-averaged flare energy L* in the Johnson-U band is known. The total number 


of hours T., spent monitoring in the U band is also given. Both L, and L* are in erg s~ 


related, but not identical, mechanism producing the coronal 
heating. For example, the coronal heating may arise from the 
reconnection of small magnetic-loop structures and the dramatic 
flares seen in the U band from the reconnection of much larger 
and more energetic loops. 

Two aspects of our data may influence our understanding 
of the mechanism responsible for coronal heating: first, the 
quantitative comparison of the energy of optical flares with that 
radiated by the corona in X rays; second, the scatter of the data 
points in Fig. 1. Rewriting the logarithmic relation as L,= 
13.2 L® we see that the quiescent X-ray flux from the coronae 
of the dMe stars is only about an order of magnitude greater 
. than:the time-averaged flare output in the U band, which raises 

_ the question, implied by (2) above, of whether all the energy 
contained in the corona and radiated in X rays could originate 
in stellar flares. Although to answer this, we must be able to 
assess the ratio of the total energy released in a stellar flare to 
that emitted in the U band, this ratio cannot be determined 
directly for any flares yet observed on dMe stars. Even though 
stellar flares have now been observed in X rays (Einstein satel- 
lite), in the ultraviolet (IUE), in radiowaves (VLA) and optically, 
in no case have observations been made over the entire range. 
Several flares, however, have now been observed optically, 
simultaneously, by IUE and the VLA radio telescope’? and by 
IUE and the Einstein satellite’, but as these observations were 
of different flares and on different stars, it is doubtful whether 
a real value for L,...:/ La could be derived from them, particularly 
in view of the complexity and variety of stellar flares. Neverthe- 
less, even an order of magnitude result would be of some interest. 

Using the result? Lop = 2.4 Lu, the relative energies in different 
wavebands for flares on YZ CMi, AD Leo and Prox Cen'*? 
and data for a solar flare’*, we estimate that the total optical, 
ultraviolet and X-ray energy emitted from a flare is ~7 L,,. But, 
in converting to time-averaged energy, we must multiply by a 
factor of 2 to include the unseen flares which occur on the 
opposite hemisphere to that of the observer, that is, L*,,,;= 14L*. 
Thus, L, ~ Lži from which it follows that, if an approximately 
equal amount of energy to that emitted by flares in electromag- 
netic radiation were to be deposited in the coronae of the dMe 
stars, for instance, by shock waves, there would be sufficient 
energy in the flares alone to heat the coronae of these stars. In 
fact the amount of mechanical energy deposited in the stellar 
atmosphere by the flare event may far exceed the radiated energy 
and the only flare for which the former has been estimated, the 
solar flare observed by Skylab on 5 September 1973, has indeed 
a ratio of mechanical to radiated energy’*:'* of 50:1. 

The energy requirements of the solar corona are perhaps 
provided by high-velocity jets of material from the chromos- 





1. Superscripts refer to the reference. 


phere'®. These jets, observed with high-spatial and temporal 
resolution have typical velocities of 400kms~', are confined 
within a small area, < 2” diameter and are thought to be explod- 
ing small loops, perhaps involving the reconnection of two loops, 
as proposed for flare theory”. As their velocities are. much 
greater than the Alfven velocity, shock waves will be generate 
in the corona, resulting in coronal heating. Evidence for high- 
velocity ( V ~ 1,000 km s~') mass motions during flares on dMe 
stars has been observed recently’. 

Returning to the scatter of the data in Fig. 1, we see that the 
individual points do not deviate by more than a factor of tw 
from the straight line. As L, and L* were measured at differe 
epochs, the small scatter of the data points from the me: 
relation implies that any short-term (days) or long-term variabil- 
ity (years) in the X-ray flux be less than a factor of two. Th 
is consistent with a maximum degree of variability of less tha 
a factor of 3 for some of these stars'® and is much less than the 
factor of ~6 for. the rotational modulation in the solar quiescen' 
X-ray emission'’, suggesting that the coronae of dMe stats a 
more uniform than their solar counterpart which, from X-ra 
imaging and rotational modulation of X rays, is seen to be highly 
inhomogeneous. 

This low variability in the quiescent X-ray emission implies 
either than the heating rate for the stellar coronae is relatively 
constant, or the heat capacity of the coronae is sufficient to 
smooth the release of energy that accompanies even the largest: 
flares. The irregularity of stellar flares suggests that they are not 
the sole mechanism for heating the corona. Thus, L* and L, 
may be well correlated because flares are only an extreme 
example of the processes keeping coronae hot, that is, flares 
result from magnetic reconnection on a large scale whereas 
coronal heating results from reconnection on a small scale”. 
Nevertheless, the tight linear correlation of L¥ and L, and the 
remarkable quantitative similarity between L*,,, and L, suggest 
that flares play a direct role in the heating of the corona. 

Note added in proof: It has come to our attention that a quite 
similar but independent paper on this topic by D. R. Whitehouse 
is to appear in Astronomy and Astrophysics. 
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Solar burst emission data at shorter millimetre wavelengths have 
‘been based on a few events measured with low sensitivity and 
‘relatively poor time resolution”. We present here the first high 
‘sensitivity and high time-resolution observations taken simul- 
taneously at 90 GHz (A =3.3 mm) and at 30 GHz (A = 10 mm). 
‘These have identified a unique impulsive burst on 21 May 1984 
with fast pulsed emission that was considerably more intense at 
90 GHz than at lower frequencies. Hard X-ray time structures at 
-energies above 25 keV were almost identical to the 90 GHz struc- 
‘tures to better than 1s. The structure of the onset of the major 
‘90-GHz burst coincided with the hard X-ray structure to within 
128 ms. All 90-GHz major time structures consisted of trains of 
multiple sub-second pulses with rise times as short as 0.03 s and 
amplitudes that were large compared with the mean flux. When 
detectable, the 30-GHz sub-second pulses had smaller relative 
amplitude and were in phase with the corresponding 90-GHz pulses. 
Past observations at centimetre-millimetre wavelengths indi- 
ate that certain bursts can display turnover frequencies which 
care higher than 30 GHz (A <10mm)*”. One very large burst 
‘exhibited a spectral ‘flattening’ in the range 30-71 GHz (refs 4, 
5), which was also found for a few other events’. Another 
peculiar event showed emission at 90 GHz (A = 3.3 mm) but no 
‘emission has been revealed by investigations in the microwave 
tegion”. More recently, 80 GHz (A =3.75 mm) and 92.5 GHz 
(A =3.2mm) solar measurements were started in Japan'® and 
Switzerland (A. Magun, personal communication), respectively, 
with 10 sFU (solar flux unit) sensitivity (1 sFU= 1077? W m`? 
Hz"') and 0.3-s time resolution. 

Observations were made with the Itapetinga 13.7-m radome- 
enclosed antenna, used for the first time at 90 GHz (A = 3.3 mm) 
for solar measurements in May 1984. The antenna aperture 
efficiency at that frequency is about 25% at the zenith and 
decreases with elevation angle". The antenna beam size was 
also dependent on elevation angle, being ~80 arcs from zenith 
to 50° of elevation, and enlarging rapidly for lower elevation 
cangles'’. For solar elevation angles of 60°-10°, the corresponding 
sensitivity. in the antenna main beam ranged from 0.07 to 
0.258FU with a time constant of ims. This represents an 
improvement: of more than two orders of magnitude in both 
sensitivity and time resolution compared with previous observa- 
tions at this frequency. 
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13:26:10 :50 13:27:00 :10 UT 
Fig. 1 The solar burst on 21 May 1984 at 13h 26min UT, as 
observed by HXRBS in X-rays at 24-108 keV and 108-219 keV, 
and in millimetre/centimetre wavelengths at 90, 30 and 7 GHz. 
The sFu scale is subject to an uncertainty of a factor of <2. Major 
structures in the time profiles labelled A, B, and C are plotted on 

expanded time scales in Figs 2 and 3. 


Simultaneous observations were made at 30 GHz using the 
same antenna with a sensitivity of 0.03 SFU with a time constant 
of | ms and beam size of ~3 arc min, independent from elevation 
angle. Active regions were tracked at a spatial position referred 
to their maximum intensity positions defined by the antenna 
beams, and the flux scales were established by assuming that 
the burst sources were coincident in space with the active region 
maximum intensity position. Previous experience at other mil- 
limetre-microwave frequencies (22 GHz and 44 GHz) indicated 
that bursts usually occur at about the same position of the active 
region maximum intensity position. The separation of the 90- 
GHz and 30-GHz beams in space was 3 arc min, and the tracking 
accuracy was better than 2 arcs r.m.s. The positions of the 
two antenna beams with respect to the active region maximum 
intensity position were well known. As the beam shapes were 
also well known, it was possible to establish the flux scale factors 
at both frequencies. The main uncertainty factor was the lack 
of knowledge of the burst source location with respect to the 
active region maximum intensity location. This uncertainty, 
however, should not exceed 50% in the most extreme case. 
Observations were also made at 7 GHz by a patrol radio tele- 
scope using a 1.5-m antenna with a sensitivity of 3 SFU and a 
time constant of 20 ms. Other details of the observational setup 
at Itapetinga are given elsewhere”. 

Simultaneous observations were also made using the hard 
X-ray burst spectrometer (HXRBS) on the Solar Maximum 
Mission (SMM) satellite”. A 15-channel counting rate spectrum 
covering the energy range 24-400 keV was obtained with this 
instrument every 128 ms throughout the flare. 

A 90-GHz impulsive burst occurred on 21 May 1984 at 
13.26 UT with the Sun at 40° of elevation . At that elevation 
angle the antenna beam sizes at 90 GHz and 30 GHz were 1.7 arc 
min and 3 arc min, respectively. The positions of the beams with 
respect to the active region maximum intensity position were 
displaced by 1.5 arcmin at both 90 and 30 GHz. The burst 
demonstrated the unique characteristic of emission at the short- 
est millimetre-wavelengths only, so it cannot be included in any 
known class of solar radio burst. Figure 1 shows the impulsive 














, 30 GHz and 7 GHz and in two hard X-ray. 
energy ranges, 24-108 keV and 108-219 keV. The millimetre- 
wave emission spectrum suggests a turnover frequency as high 
as or higher than 90 GHz. The negligible rise at 7 GHz of 4 SFU 
was confirmed by data obtained at 2.8 GHz showing a <3 SFU 
increase at the same time'*, and by data plots obtained from 
Sagamore Hill Radio Observatory (E. W. Cliver, personal com- 
munication) at various frequencies, ranging from 0.6 to 15.4 
GHz, exhibiting fluxes =4SFU, and a rise at 0.4GHz (~ 
30 SFU). 

The first major impulsive component was observed at 90 GHz 
almost 6 s before the first impulsive structure at 30 GHz. Assum- 
ing that the flux scales are correct, the first structure, A, in Fig. 
1, reached ~70 SFU at 90 GHz and 6 SFU at 30 GHz. The second 
major structure, B, in Fig. 1 reached 56SFU at 90 GHz and 
23 SFU at 30 GHz, and the third structure, C, reached 24 SFU 
at 90 GHz and 14 sFU at 30 GHz. The power law spectral index 
a in the relation Soc f*, where S is the flux density and f is the 
frequency, is estimated from the 30 and 90 GHz fluxes to be 
2.2 for A, 0.8 for B, and 0.5 for C. 

The time variation of the flux ratio between 90 and 30 GHz, 
for different major burst structures, cannot be explained by 
changes in burst source position with respect to the antenna 
beams. The negligible intensity at 30 GHz for structure A (~ 
6 SFU) was also confirmed by full-Sun data at 15.4 GHz (< 
4sFU) (E. W. Cliver, personal communication). Furthermore, 
the very good proportionality between all the time structures of 
the 90 GHz emissions and X-ray intensities could not be con- 
ceived with different structures occurring at spatial positions 
with significant displacements. Therefore, the observed vari- 
ations in spectral ratio seem to be genuine. 

The hard X-ray time profiles in Fig. | show a striking similarity 
to the 90-GHz time profile. Features coincide to within the 
128-ms time resolution of the hard X-ray observations. It is 
interesting to compare the relative amplitudes of structures A 
and B at different X-ray energies and millimetre-wave frequen- 
cies. For the 24-108 keV X rays and the 30-GHz emission, B is 

“more intense than A, whereas for the 108-219 keV X rays and 
the 90-GHz emission, the converse is true. This suggests that 
the 90-GHz emission comes primarily from the higher energy 
electrons or at least from electrons with a harder spectrum. The 
“power law spectral index y in the relation Jo e~”, where I is 
the X-ray flux and e is the photon energy, was estimated to be 
3.2 for A, 3.8 for B, and 4.5 for C. Almost 1 min after C, a 
sudden increase in y to 5.8, corresponding to a secondary rise 
in the hard X-ray flux, was accompanied by weak fluctuations 
observed at 7 and 2.8 GHz (ref. 14). This was apparently the 
beginning of a conventional microwave burst with a peak 
frequency at 8-15 GHz and a peak flux of 40 SFU at 8.8 GHz 
occurring at 13.31 UT (E. W. Cliver, personal communication), 
some 4min-after the initial hard X-ray and 90 GHz spikes. A 
minor peak in the >24 keV X-ray flux also occurred at this time 
but with a HXRBS counting rate of only 300 counts s~' com- 
pared. with 1,630 counts s~“ at the time of the earlier, more 
impulsive spikes. 

The high time resolution achieved in the 90 and 30 GHz 
observations allowed the detection of even faster intensity vari- 
ations than are evident in Fig. 1. All the major impulsive struc- 
tures appeared as trains of several very fast peaks when plotted 
on an expanded time scale. Figure 2 shows an expanded plot 
of A at 90 GHz and in 24-219 keV X rays. Rapid variations are 
detected in the 90-GHz intensity with at least 13 resolved peaks 
in just over 2s. The e-folding rise time of the initial peak is 
~0.03 s. The detection of similar rapid variations in hard X rays 
was precluded in this case by the 128 ms time resolution of the 
observations. However, other events have been detected by 
HXRBS with a time resolution of 10 ms showing equally rapid 
fluctuations in the hard X-ray flux”. In the present case, Fig. 2 
shows that the initial rise of A in hard X rays is simultaneous 
with the rise of the 90-GHz profile to within the 128-ms resolution 
of the X-ray observations. The overall X-ray and 90-GHz time 
profiles, however, are different. This can be attributed to the 
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13:26:30 Ball 32 BB 34 UT. 
Fig. 2 The 4-s expansion of the 24-440 keV X-ray and 90 GHz 
intensities in structure A of the burst shown in Fig. 1. The vertical 
bars on the X-ray plot indicate + lo uncertainties in the measured 
rate based on the square-root of the observed number of counts 
in each interval. The horizontal bars indicate the 128-ms. tim 
intervals over which the counting rates, corrected for instrumental 
dead time, were determined. The time constant used for the 90-GHz 
plot was 10 ms and the system noise was comparable to the thick- 
ness of the line. 
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Fig. 3 Major burst structures at 90 and 30 GHz, labelled A, B 
and C in Fig. 1, plotted on an expanded time scale with a running 
mean subtracted from the measured fluxes. The flux variations in 
a 4-s interval are plotted for each structure at the two frequencies | 
with a similar piot at the top of the figure showing the system noise 
in a 4-s interval, I min before the start of the burst. The vertical 
scale for the 90-GHz plot is the same for all four intervals and is 
given to the left of the curves for A. Similarly, the common scale 
for the 30-GHz plots is given to the left of the curves for B. 
























































ited time resolution of X rays, which smoothes out a! > 
: time structures that are faster than ~128 ms. Hard X-ray 
ts, similar to Fig. 2, but taken at higher energy, would produce 
“same smoothing effect with large error bars owing to the 
naller counting rates. 
_ To show these rapid millimetre-wave fluctuations more 
clearly, the gradually varying component of the 90- and 30-GHz 
flux has been removed in Fig. 3 by subtracting a running mean. 
Plots for the three major structures A, B and C are shown 
gether with a similar plot for a 4-s interval before the burst. 
Note that the system noise amplitude is negligible compared 
ith the pulse sizes. 
Figure 3 shows that the rapid fluctuations in A are evident 
ly at 90 GHz. The pulse repetition rate is ~5 Hz but a Fourier 
nalysis'© shows that there is significant power at frequencies 
xtending from | to 8 Hz. The relative amplitudes of the pulses 
ange from 30 to 50% of the mean flux. Such pulses are barely 
oticeable at 30 GHz, however, and they have much smaller 
mplitude. The situation for B is different with pulse trains 
vident at both 90 and 30 GHz. The five pulses observed in ~1 s 
tarting at 13h 26min 38s UT are essentially in phase at the 
o frequencies but the relative amplitudes are still much larger 
t 90 GHz (60%) than at 30 GHz (1%). Structure C in Fig. 3 
Iso shows a train pulses but with lower relative amplitude at 
both frequencies. 
` The pulse trains at 30 GHz with relative amplitudes of =1% 
re comparable with the ultrafast structures observed for other 
ursts at 22 and 44 GHz (refs 17,18). Similar sub-second pulses 
ave been detected in hard X rays coincident with microwave 
pulses at these same frequencies'” but the relative amplitudes 
of the hard X-ray pulses were 30-40%, comparable with the 
amplitudes of the 90 GHz pulses reported here. A comparison 
of sub-second time structures in solar bursts, obtained with 
bout 100-ms time resolution simultaneously at 10.6 GHz and 
ard X rays”, have shown good correspondence, with possible 
elays for microwaves relative to hard X-rays of ~200 ms. 
The apparent brightness temperature of the burst source at 
millimetre-waves can be estimated if some assumptions are made 
bout the velocity scales involved at the pulses acceleration site. 
f we assume that the speed of light is a limit, the scale for the 
0-ms rise times becomes L<9 10° cm (or apparent size 0,< 
13. arcs). If we assume Alfvén speeds (10° cms~'), we obtain 
L<3x10° cm (or 0,<0.04 arcs). The apparent brightness tem- 
perature Tp is related to the flux density S by the relationship 
= (2kT,/A7)(L/ DY, where k is the Boltzmann constant, A is 
he wavelength, and D=1AU=1.5x10" cm. For structure A 
pulses, the fluxes are 70SFU and 6SFU, at 90 and 30 GHz, 
respectively. We obtain comparable brightness temperatures, at 
both frequencies, of ~10° K (speed of light) and 10'° K (Alfvén 
peed), respectively. 
` The class of solar bursts emitting at the shortest millimetre 
wavelengths imposes important constraints on existing models 
of the mechanisms of particle acceleration in the impulsive 
phase. Measurements at lower frequencies only, such as 30 GHz 
alone, would give the wrong idea that microwaves are not well 
correlated, or delayed, relative to hard Xrays. A thermal 
bremsstrahlung burst component suggested for the higher 
frequencies’ requires burst sizes (> 10°-10'° cm) which are too 
arge for the time scales found here, even assuming the extreme 
limit of the speed of light expansion. The assumption of simple 
synchrotron emission, with a turnover frequency at =90 GHz, 
would imply unrealistically high magnetic fields*”’. If we adopt 
formulae for mildly relativitistic electrons”, interpretations may 
be found, but an extreme value must be assumed for one of the 
three basic parameters: magnetic field, electron density or scale 
size (for example, densities ~10° cm °, maximum size scale 
_~10° cm, requiring magnetic fields >10° G). In the thermal 
model the temperature estimated from the hard X-ray spectrum 
_ (5X 10° K) is much higher than the radio-brightness temperature 
estimated for the larger scale-size assumption (speed of light). 
‘o reconcile the temperatures, the source size should be smaller 
and densities higher, for plausible magnetic fields. For assump- 





tion of Alfvén speed for expansion, however, the scale sizes 
appear to be too small, and the brightness temperatures too 
high to be interpreted with the above models. Further studies 
are required to establish a realistic compromise between the 
physical parameters involved. A study on possible interpreta- 
tions of the burst spectral component at millimetre wavelengths 
is in preparation. 

We thank R. E. Schaal, J. L. Homor and R. H. Trevisan for 
help with Itapetinga observations, and Shelby Kennard for 
assistance with the analysis of the HXRBS data. This research 
received partial support from the Brazilian research agency 
FINEP. 
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A range of water-insoluble materials, when spread from a solvent 
onto an air-water interface, form monolayers, Langmuir films, 
which can be built up on a solid substrate to give well-defined 
multilayer coatings, Langmuir~Blodgett (L—B) films, resembling 
fatty-acid layers’. These L—B films have aroused intense interest 
because of their potential applications as electrically-active 
materials’, optical elements” and electron beam resists‘, for which 
it would be very useful to know the structure of the monolayers. 
Although significant structural information has been derived from 
electron diffraction studies, an electron micrograph would be ideal ; 
because of the fragility of conventional materials and their degra- 
dation in the electron beam, however, such imaging has not been 
achieved till now. (Electron micrographs of L-B films of the 
heavy-metal complex Thi(CF,;CO),CHI, have been reported’, but 
the films were not single monolayers.) We present here the first 
electron micrographs of a single monolayer. 

Classic L-B materials resemble the fatty acids in having a 
hydrophilic headgroup (which interacts strongly with the water 
surface) coupled to a hydrophobic tail (typically a long alkyl 
chain). The first L-B films of phthalocyanines were prepared? 
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Fig. 1 Surface-pressure/area isotherm of compound (1). 
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Fig. 2 Computer-generated model of a stack of (I) molecules. 





Fig. 3 Electron diffraction pattern of one monolayer of compound (I). 


with multilayers on the water surface which were transferred to 
solid substrates. Hann et al? subsequently prepared and 





Although the monolayer character of the films is consistent with 
the observed area per molecule of 0.96 nm? (Fig. 1), it is clear 
from the molecular structure that the packing cannot be domi- 
nated by the standard hydrophilic-hydrophobic interactions. Fig. 4 Electron microscope image of one monolayer of compound (1) 














Models indicate that the very bulky t-butyl groups dominate the 
jacking, the molecules tending to become ordered in stacks in 
vhich the bulky groups are interleaved (Fig. 2). We therefore 
nvestigated whether the known stability of phthalocyanines’! 
n electron beams would allow direct electron microscope imag- 
ing of monolayers. 

Monolayers of the compound (1) were spread at 20°C from 
“a solution in xylene (1 mg m!7') on to the surface of an ICI 
Langmuir trough“? whose barriers were compressed to obtain 
; surface pressure of 20mNm™'. The monolayer was then 
deposited on an electron microscope grid (coated with amor- 
hous carbon) by lifting the horizontal grid through the 
onolayer. 

The films supported on carbon were examined in a JEOL 
_ 1200EX electron microscope at 120 keV. Minimum dose condi- 
ions were used to obtain the maximum amount of structural 
nformation before the films degraded in the electron beam, but 
eir lack of rigidity caused drift during photographic 
xposure—a major problem which could be overcome in future 
y using X-ray film. 

The electron diffraction pattern (Fig. 3) has arced reflections 
corresponding to 1.9nm and 0.33 nm, at right angles to one 
another, indicating that the molecules are lying in columns in 
the plane of the film with an intermolecular separation of 0.33 nm 
nid an inter-columnar separation of 1.9nm. We deduce also 
that the domains are small and highly disordered, yet the arcs 
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are sharp indicating good crystallographic order within the 
domains. The inter-columnar spacing measured from the elec- 
tron diffraction pattern is in good agreement with the spacing 
calculated by molecular modelling. 

A typical image is shown in Fig. 4. The lines of molecules 
are well ordered, but general bending occurs in the domain, 
highlighting one of the differences between electron diffraction 
and direct imaging; a severe bend in a domain would be rep- 
resented in diffraction as two domains at an angle to each other. 
The contrast is in accordance with that expected from calculated 
images’? of unsubstituted phthalocyanines and the bending 
within each domain is comparable with that observed in copper 
phthalocyanine crystals that have undergone severe mechanical 
distortion'*. Here the domains are only approximately aligned 
and those that are normally adjacent are not in contact, implying 
that the L-B film should be regarded as an amorphous matrix 
containing embedded crystallites. 

The order in the film is significantly lower than that observed 
by electron diffraction of long-chain materials'* and the domains 
are much smaller than those observed optically in diacetylenes'®. 
Hence we are presently studying how specific conditions of 
the preparation affect the ordering of phthalocyanine mono- 
layers. 
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Among the important problems in solutions chemistry, hitherto 
unresolved, is that of identifying and evaluating the solute and 
solvent molecular properties governing solubilities of organic non- 
electrolytes in water. There are few subjects having such widespread 
ramifications. The treatment of solubility phenomena in terms of 
molecular properties of both solutes and solvents is made par- 
ticularly explicit in the approach in which the endoergic formation 
of a solvent cavity suitable for the solute molecule is opposed, on 
insertion of the solute, by exoergic terms involving solute—solvent 
intermolecular interactions. Recently’, we used this approach, 
“-together with our intermolecular-force parameterizations, called 
-golvatochromic parameters”, to correlate and predict 
octanol/water partition coefficients for non-hydrogen-bond donor 
aliphatic solutes. We now report linear solvation energy relation- 
_ ships which, we believe, represent a resolution of the problem for 
yn-hydrogen bonding, hydrogen-bond acceptor and weak hydro- 
gen-bond donor liquid aliphatic solutes. 
“For these types of solutes, the leading exoergic term was 
found to be that for the hydrogen bonding by the hydrogen-bond 
donor (HBD) solvents to the hydrogen-bond acceptor (HBA) 
solutes, being given in each solvent (octanol/ water) by the linear 


solvation energy relationship (LSER), (AG,)y5 = Ca, B82, where 
a, is the solvatochromic parameter scaling HBD acidity of the 
solvent, B, is the corresponding parameter scaling HBA basicity 
of the solute, C is a proportionality constant, and (AG,)rus is 
the hydrogen-bonding contribution to the free energy of sol- 
ution. A secondary exoergic term, measuring the dipolarity 
effect, is given by (AG,)pp = Bat mł, where 7* is the solvato- 
chromic parameter measuring solute and solvent dipo- 
larity/ polarizability. 

The solute patameter that determines the magnitude of the 
cavity term is V, the molar volume, taken here as the molecular 
weight divided by the liquid density of the solute; the com- 
plementary solvent parameter is the square of the Hildebrand 
solubility parameter, 5,,°*. Accordingly, the endoergic cavity 
term is given by (AG,)cay = A(Sy”); V2/ 100. We use V/100 so 
that the scale of the cavity term should be similar in magnitude 
to those for 7*, a and B, which makes the evaluation of the 
relative contributions of the various terms to (å G,)rotaı easier. 

Combining the three terms, we find that free energy-dependent 
solubility properties, Sp, are given by equation (1), which, for 
solubility in a single solvent, or distribution between a pair of 
solvents, reduces to equation (2) 


Sp = Sp, + A(8q); V2/ 100+ Brf r$ + Ca, Bz a) 
Sp = Sp, + mV,/ 100+ sa¥ + bB, (2) 


An earlier correlation of octanol/water partition coefficients 
using equation (2)', since expanded to include aromatic non- 
HBD solutes and some alkanols discussed in detail elsewhere’, 
is given by equation (3) 


log Kow = (0.20 + 0.07) + (2.74 + 0.05) V/100 
— (0.92 + 0.08) a* — (3.49 + 0.09) B (3) 


for which n = 102, r= 0.989, s.d. = 0.17. 
We have now found that molar solubilities in water at 25 °C 
of liquid non-HBD aliphatic solutes, Sw, and an almost 
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Table 1 Solubilities in water and gas/ water partition coefficients of liquid aliphatic nonelectrolytes at 25°C 








log S,, 





Bee 2 Experi- 
os Solute V/100 a* B or B,,, mental* 
“n-CHis 1.465 ~0.08 0.00 —4.53 
(C,Hs5)3N 1.401 0.14 0.71 ~0.14 
CH,COC,H; 0.895 0.67 0.48 0.49 
(CjH5),0.: 1 046 0.27 0.47 —0. 1 3 
C,H,COOCH, 0.963 0.55 0.45 ~0.14 
CHNO, 0.721 0.82 0.25 —0.24 
HCON(CH;)> 0.770 0.88 0.69 (1.90) 
CH;COCH, 0.734 0.71 0.48 (0.92) 
CH;CON(CH,). 0.924 0.88 0.76 (2.15) 
{CH;),SO 0.710 1.00 0.76 (2.59) 
CH,COOC,H,,-n 1.487 0.53 0.45 —1.74 
CHOH 0.405 0.60 0.40 (1.35) 
(CH,),CHOH 0.765 0.48 0.51 (0.83) 
n-C,H,,OH 1.414 0.43 0.45 -1.83 
2-C.H,,0H 1.255 0.44 0.51 0.82 
EC:H, OH 1.094 0.41 0.57 0.09 


log | K,., 
Equation Experi- Equation 
(5) log S; mental » (5)t 
—44) 
—0.38 
0.36 
—0.38 
—0.08 
—0.19 
1:98 —3.62 -5.52 ~=5.60 
0.92 ~1.87 —2.79 —2.79 
1.83 —4.12 ~6.27 ~5.95 
2.60 4.62 -7.21 —7.22 
—1.85 —3.61 —1.80 ~1.76 
1.56 —2.21 —3.56 ~3.77 
0.87 —2.65 —3.48 —3.52 
-1.65 
—0.80 
0.04 








* Values in parentheses are for log (Sg 


. equivalent quantity, S,/ K,., (where S, is the molar concentration 
in the solute saturated vapour (S, = = Pum/ 24.5) and K,w is the 
gas/water partition coefficient), are also well correlated by a 
multiple linear regression equation in the form of F equation (2). 
The data are mainly those of Hine and Mukherjee and Amidon 
et al”; the correlation is given by equation (4) 


log Sy = log (S,/ Kow) 
= (0.52 + 0.12) — (3.33 + 0.09) V/100 
~ (0.47 + 0.11) 9* + (5.23 40.12) 8 
for which n = 56, r= 0.9948, s.d, = 0.166. 


(4) 





/ Kw): Although these are ‘hypothetical’ solubilities for compounds that are fully. miscible with water, 
multiplying them by 1.364 would. give real free energies of solution in kcal mol™!. 
+ Obtained by subtracting calculated values of log (S,/‘K,,,) from values of log S, in the literature, 
+ These are the ‘worst case’ combined uncertainties (that i i assuming all the values i in equation (5) are either all plus or all minus) which show 
that there is a total threefold range of calculational uncertainty for a property that varies experimentally by seven orders of magnitude between 
n-heptane and dimethyl sulphoxide. The maximum uncertainty is about twice the standard deviation of equation (5). 














Weak HBD alkanol solutes can apparently be included in 
equation (2) if we use the following Bm values (that i is, B values 
for alcohols in the non-self-associated ‘monomeric’ form: 
methanol, 0.40; all primary alcohols, 0.45; all secondary 
alcohols, 0.51; all tertiary alcohols, 0.57. These are very. close 
to the following Ban values determined by Abboud etal! from 
formation constants for the 1:1 complexes of the monomeric 
alcohols. with 3,4-dinitrophenol in cyclohexane: methanol, 
0.415; ethanol, 0.47; 2-propanol, 0.51; t-butanol,. 0.56... 

Using these new solvatochromic parameters for the alkanol 
and combining the data of Yalkowsky and Valvani? for 37 R-O! 
compounds (excluding the C, and higher alkanols; for reasons 





































































ic I be. discussed elsewhere, the correlations 
ccommodate higher molecular weight solutes if a term in log 
apour pressure is also included) with the 56 solubility results 
treated earlier, we obtain equation (5) 


logS, = log (S,/ Kyw) 
= (0.55 + 0.09) — (3.36 + 0.06) V/ 100 
+ (0.46 + 0.09) 7* + (5.23 +0.09)(B or Bm) (5) 


for which n = 93, r= 0.9943, s.d. = 0.144. 

Values of Sy and K,,, calculated from equation (5) and S, 
alues from the literature are compared in Table 1 with experi- 
ental results for some representative solutes. Equation (5) is 
_ plotted in Fig. 1. 

“The fact that Bm values in equation (5) accommodate the 
esults for the unsubstituted alkanols suggests that, although 
_amphiprotic, these R-OH compounds act only as HBA bases, 
ot HBD acids, in aqueous solution. This seems reasonable if 
ne compares the relevant solvatochromic parameters: for R- 
-OH ‘monomer’ solute, a,,~0.3, 8,,=0.40-0.57; for water- 
_ solvent clusters, a = 1.17, 8 = 0.2. For R-OH to act as a hydro- 
_gen-bond donor or acceptor in aqueous solution it must usually 
jo so at the expense of a water molecule or cluster acting as 
onor or acceptor at the same site. As £ is larger for R-OH 
than for (H,O),,, there is a free-energy advantage when R-OH 
cts as a base: as æ is smaller for R-OH than for (H,0),, there 
is a free-energy disadvantage when R-OH acts as an acid. It 
ollows, therefore, that equation (5) should not accommodate 
olubility results for stronger HBD R-OH compounds; this is 
ndeed the case. If we use our best estimates of 0.05 and 0.03, 
respectively, for Bm of trifluoroethanol and hexa- 
uoroisopropanol, we obtain the following log (S,/ K,..) results: 


ien WHF 


Equation (5) Experimental 
CF,CH,OH —1.27 0.80 
(CF;),CHOH 2.82 0.74 


The latter results suggest that to include stronger HBD solutes 
n equation (5) requires also either a term in @,, or an amphipro- 
ic hydrogen-bonding parameter. 

© As V/100, m* and B have been scaled to cover roughly the 
same range, it follows from equations (4) and (5) that the major 
factors influencing solubilities of organic nonelectrolytes in 
water are the exoergic term due to water donor-solute acceptor 
_ hydrogen-bonding, and the opposing endoergic cavity term, with 
solute-H,O dipolar and induced dipolar interactions exerting 
only a second-order influence. Equations (4) and (5) are also 
important in that they confirm the widespread scope and 
applicability of the 8 scale of HBA basicities, and relate 
solubilities in water to a wide variety of physicochemical proper- 
ties and reactivity parameters which have been correlated by £, 
either alone or in combination with the w*, œ and/or £ para- 
meters’; these include positions and intensities of maximal 
absorption in infrared, nuclear magnetic resonance, electron 
spin resonance and ultraviolet/visible absorption and fluores- 
cence spectra; logarithms of reaction rate and equilibrium con- 
stants; free energies and enthalpies of formation of hydrogen- 
bonded and Lewis acid/base complexes; GLC and HPLC 
capacity factors and retention indices; adsorption properties on 
charcoal: and physiological and toxicological QSARs (quantita- 
tive structure/activity relationships). 
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Our understanding of the tectonic framework for the formation 
of Tibet and the collision of India with Eurasia’ depends on our 
knowledge of the regional structure of the crust and upper mantle. 
Such basic information can be derived from seismic studies, but 
lateral inhomogeneities cause problems with interpretation of 
external observations, owing to the lack of stations inside a hardly 
accessible landmass. In 1982, as part of the French—Chinese 
cooperation programme, a network of long-period seismic stations 
was installed for the first time in southern Tibet itself with the 
object of obtaining local pure-path seismic data. Previously (with 
the exception of ref. 2) pure-path Tibet dispersion curves were 
extracted from mixed-path observations”, which required 
assumptions about neighbouring regions and focal mechanisms. 
In this study, local Rayleigh phase-velocity dispersions from the 
network were inverted to yield S-wave velocity models. As the 
period range of the data extends beyond 120 s, the information so 
obtained constrains deep-seated structures down to 200 km. The 
crust is shown to be very thick (65-70 km), in accordance with 
previous estimates’°, and is divided into an upper part with a 
velocity of 3.2kms~' and a lower part with a steep velocity 
gradient. The underlying mantle has a high velocity lid (V, = 
4.7 km s~’), beneath which the structure resembles that of western 
Europe, with a relatively weak velocity minimum (compared with 
active tectonic regions) of 4.36 kms’ at a depth of 150 km. 

The seismograms used here were recorded by four SL-210 
Geotech vertical seismometers, with free periods made 
equivalent to 120s by a feedback device'®''. The seismometers 
are equipped with a triggered digital recorder with a sampling 
interval of 1 s. Great-circle-propagation paths for the four largest 
teleseismic events (Table 1) are almost in line with pairs of 
stations (Fig. 1); except for the Honshu event, the alignment 
defined by the theoretical azimuth, Az,, is slightly outside 10° 
of the great-circle path, but this is corrected by 6Az after a 
multi-station analysis. For the Kuril Islands earthquake, two 
pairs of stations are in line; for the El Salvador earthquake a 
reverse profile was provided by R2 (see Table 1). 

The two-station phase velocity measurements have been per- 
formed by several classical methods and the results for the 
profiles (1) and (4) are displayed in Fig. 2. On these dispersion 
curves for the Honshu and El Salvador earthquakes, convergent 
estimates were obtained for periods up to 150 s, but observations 
were limited to 70s for the Kuril Islands earthquake. 

For the Kuril Islands and Honshu earthquakes, using the 
records from all four stations, a wave-front field was constructed 
by a 4-stations analysis. For a tripartite network, phase velocities 
must be estimated from the two best-aligned stations, the third 
station giving the azimuth of arrival of the waves'’. The variation 
with frequency of the phases of the Fourier transforms of the 
records in the four stations were smoothed in the period range 
24-57s. Then, using a weighted least-squares method, an 
apparent azimuth, Az,, (Table 1) and average phase velocity 
are estimated from which apparent local velocities for the two 
in-line stations are deduced. The results for the Kuril earthquake 
are very coherent, as the local dispersion does not differ from 
the average phase velocity by more than 0.01 km s`, This 
average phase velocity, curve (2+3) in Fig. 2, is very close to 





















































Fig. 1 Great-circle Propagation paths for the four largest teleseis- 

mic events and the seismic stations at Bangge (90.04° long., 31.43° 

lat.), Chali (93.50°, 30.60°), Latze (87.68°, 29.08°) and Lozagh 
(90.87°, 28.39°). 


the dispersion curve (4). For the Honshu earthquake, at periods 

rter than 40s, a rather strong deviation of azimuth, 5Az, 

le 1) and negative local velocity anomaly are obtained at 
Latze, which could be owing to a perturbation during the propa- 

gation through the Nyaingengtangtha zone southwest of Chali, 
as the western part of the path near Latze is quite similar to the 
path towards the Kuril Islands. 

The slightly lower velocity of curve (1) (profile Chali-Latze) 
relative to (4) for periods <70s may be explained by the path 
going under grazing incidence along a heterogeneous transition 
zone between the southern and northern geological provinces”. 
Thus we will consider the curve (4) as representative of the 
phase velocity under the network and the reverse profile confirms 
the validity of our estimate of the error bar (+0.015 kms7'). 

To interpret the data, two models were first examined (Fig. 
3). Our best fit at short periods (Fig. 2) uses 70km for the 
thickness of the crust and after consideration of the theoretical 
curves for 70-km and 80-km thickness and the error bar, this 
estimate becomes 70+5 km. The velocities in the lid between 
70 and 100 km have been taken as 8.4kms~' for P waves and 
4.65 km s™" for S waves, in agreement with P, and S, values'*. 
Two models of the mantle below 100km’° (Fig. 3) have been 
tried at long periods: the first one, EU, has the S-velocity stable 
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Fig. 2 Phase velocity data curves: (1), Honshu earthquake (Chali- 
Latze) and average velocity from a 4-station analysis; (2 +3), Kuril 
Islands earthquake (average velocities from a 4-station analysis); 
(4), El Salvador earthquake (Bangge-Lozagh). The error bar, 
shown at short periods, is valid for all observations. Theoretical 
curves: the curves at short periods correspond to crustal thicknesses. 
of 70 (— +) and 80 km (—A); EU (—*) and EW (— e) are derived 
from European models'*, replacing the first 100 km by a 70-km- 
thick crust, overlying a high-velocity mantle lid. The curve 1066B ` 

(— W) is obtained from a model by Gilbert and Dziewonski’. 









































structure inferred for paths across northern Eurasia, without 
low-velocity layer, but with velocities a little smaller than for 
shield; the second, EW, for western Europe, has a. veloci 
minimum of 4.36 km s~' at 150-km depth and its upper mantl 
structure is very close to that of a continental Gutenberg m 
Figure 2 shows the close agreement at long periods, bet 
the Honshu (1) and Salvador (4) observations and the theoret 
dispersion for EW. 
To obtain a more refined model for the structure of. the crus 
a better fit than that for EW was sought at periods shorter than 
60s. The model EW, with a 70-km-thick crust, was used as a 
starting model in a least-squares inversion’®. Two. S-wave- 
velocity crustal models, with and without a discontinuity ata 
depth of 30 km, were considered. Indeed a discontinuity at th 
depth for P waves was recognized on some, but not ail, explosio 
seismology profiles for southern Tibet”. 
We inverted two series of data: the ‘normal’ dispersion curv 
(4) and the possibly-anomalous dispersion curve (1). The so 
utions obtained in the crust with and without. a discontinuit 
are very similar (Fig. 3), the constraint of a discontinuity 
30-km depth introducing low-velocity layers. According to Fig. 
3, these cannot be resolved by the data alone. A high velocity 
upper mantle lid is required by the data: starting from model 
EU, the high-velocity lid is apparent as early as the first iteration, 
but this solution is not shown in Fig. 3 as its fit to the data is 
much poorer than when starting from model EW. 


















Table 1 
Earthquakes Date Ho Lat. Long. M, H(km) Station i-Station 2 Profile Ap(km) Az 4, (km) Az 
{h min s) no. 
El Salvador 19/6/82 062158  13.31°N 8934W om, 7.0 52 oe A (4) 337.12 oe Seca: 
Kuril Islands 30/6/82 015734.1 44.68°N 15114E 6.921 a a P T ae 5430.21 oe) 
Honshu 23/7/82 142353.5 3619N 141.70°E 63 37 Chali-Latze (1) 584.02  -—5.97° 4481.34 {ess 





AZ = Az, — AZ, deviation from great-circle path; Az, is the theoretical azimuth, relative to the line of two stations, of the epicentre-station great-circle path at station: 
1, Az, is an apparent azimuth corresponding to the wave-front field computed by a 4-station analysis. Hy is the origin time of the earthquake and H is its depth. A, is’ 
the distance from the epicentre to station 1 and A, is the distance between the stations | and 2. 




































































Fig. 3 Starting models: curves for model EW in the mantle, 
(- ) and (— — —) differing only in the crust, are compared 
with a curve for model EU —**—*e). Corresponding solutions 
starting from model EW (those for EU are not shown): S-wave- 
velocity solutions for the data (4) (~--) and (--—- —) and solutions 

for data (1) (<-->: ) and (~s-—-). The vertical bars on the right 
: are the resolving widths at depths of 33 and 150 km. 





For the normal dispersion data (4) one obtains a reduced 
crustal velocity in the first 30km and a strong gradient with 
higher velocities in the lower half. For the anomalous dispersion 
data (1), the velocities are reduced mainly in the lower half of 
the crust, very slightly under the Moho, but not deeper, which 
is the effect of the anomalous zone (Fig. 1) perturbing the 
Rayleigh wave along a part of the path (1). 

Thus, comparing the model obtained from the dispersion 
curve (4) with a continental model such as EW, the main 
difference lies in the crust, which is twice as thick, has a lower 

erage S-velocity and two different layers, the deepest one with 
an increased velocity. This crustal structure may be compared 
with an average of the explosion seismological results'® for P 
waves along a neighbouring profile. In some places a deeper 
teflector appears, beneath a shallow reflector of variable depth. 
Our results confirm an interpretation of a complex crust-mantle 
interaction between the two reflectors, which results in a mean 
crustal velocity higher in the lower than in the upper half. 
The high-velocity lid is 30km deeper than in a classical 
continental model, the mantle velocity decreasing with depth 
towards a slight velocity minimum (4.36kms7') at a depth 
apparently unchanged relative to the continental model. Because 
of the lack of resolution, however, this depth is imprecise. 

From our inversions, a model with a thick high-velocity lid 
is precluded by the data. Figure 2 shows that a model with a 
thick lid such as EU is ruled out, but at the limit of the error bar. 
in our solution, if the thickness of the crust is twice that 
expected for a continental model, it does not seem that the 
high-velocity lid of the mantle is anomalously thick. Indeed a 
rather thin high-velocity lid is consistent with ref. 7, but not 


structure is closer to that of a stable continent”’”’ than to tha 





th some of the conclusions of ref. 19. However, our mantil 


of a tectonic region. 

The seismic experiments in southern Tibet were a joint venture 
of the Chinese Ministry of Geology, the Academy of Geological 
Sciences, the Academia Sinica and the French Institut National 
d’Astronomie et de Géophysique (CNRS). This is Institute de 
Physique du Globe contribution 800. 
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As a result of the collision of India with Asia’, a thick pile of 
Precambrian crystalline rocks (the Main Central Sheet) was trans- 
ported southwards over the Indian continent. A marked linear 
fabric (a mineral-stretching lineation) within the Main Central 
Sheet varies only slightly from a north-south trend which is 
interpreted as paralleling the direction of transport of the nappe™*. 
Our study sought to extend the previous observations to the 
hitherto-poorly-known part of the Main Central Sheet in southern 
Tibet (China). The stretching lineation is dominantly north-south 
in the lower part of the sheet, but exhibits continuous and discon- 
tinuous variations from north-south to east-west in the upper 
part’. These variations of lineation trajectory indicate two shear 
components, one subparailel to, and one at a high angle with, the 
Himalayan belt. The recognition of westward wrench shearing in 
the Main Central Sheet implies a component of relative displace- 
ment parallel to the Himalayan belt and not only a radial one as 
generally assumed in previous models. This suggests that the 
kinematic story of the intracontinental deformation following the 
continental collision is probably uot one of simple north-south 
convergence. 

The Lhasa-~Khatmandu road, which runs along a deeply- 
eroded precipice, displays a spectacular section of the Main 
Central Sheet (Fig. 1). The uppermost rock unit comprises 
3,000-4,000 m of dark metapelites interlayered with quartzites, 
calceschists and marbles, one to several tens of metres thick (Fig. 
1A). They are penetrated and hornfelsed by lenticular 
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Fig. 2. Geological (left) and structural (right) maps along the Nyalam Zham Valley. The along section variations of foliation strike lines and 
stretching lineations attitude (arrows pointing in the plunge direction) are given on the structural map and on a stereo-plot (Wulff stereonet; 
lower hemisphere). 


leucogranite plutons and large aplo-pegmatitic networks of 
dykes which lie parallel to the bedding or foliation plane of the 
country rocks. These plutons correspond to the Himalayan 
granites dated elsewhere of Eocene to Miocene age (52-17 Myr, 
refs 8-16) and show evidence of northwards shearing”. In the 
quartz plagioclase (An 30) biotite + muscovite + garnet epidote- 
metapelites, contact metamorphism has developed chloritoid, 
garnet and occasionally staurolite. Calcic layers are enriched in 
clinozoisite, hornblende, garnet and locally, scapolite. Marbles 
contain diopside and garnet within a calcite matrix. This rock 
unit is underlain by 1,000-2,000 m of homogeneous augen gneiss 
with K-feldspar porphyroblasts up to 15cm in diameter. The 
augen gneisses could represent syntectonic granitoids although 








Cross-section of the Main Central Sheet (Nyalam-Zham Valley). 
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similar rocks have provided early Palaeozoic ages in Nepal'® 
Below the augen gneisses 3,000-4,000 m of paraanatexites and 
orthoanatexites (Fig. 1B and C) are composed of quartz, plagio- 
clase (An 25-30), K feldspar, biotite, muscovite + garnet + 
sillimanite + cordierite + hornblende + clinozoisite + diopside. 
They contain boudins of amphibolites composed of hornblende 
plagioclase, epidote + biotite + garnet + chlorite and: sphene 
Layers of quartzites and. calcic gneisses can be found. Fine 
grained pelitic layers contain, in addition to minerals observed . 
in the anatexites, kyanite, garnet + staurolite + sillimanite. Some 
metres-thick mylonites occur parallel to the dominant foliation 
and are intruded by pegmatitic veins commonly folded into tight 
to isoclinal folds. Below the anatexites more or less anatectic 
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Fig. 3 Block diagram illustrating the structures and lineation 
-< trajectories in the Main Central Sheet. Shading shows metapelites 
intruded by Himalayan leucogranites with northward shearing 
: microstructures, 


and biotite-rich paragneisses contain euhedral kyanite, staurolite 
and garnet (Fig. 1D). They constitute the lowermost unit of the 
Main Central Sheet whose basis is the Main Central Thrust 
(MCT) itself!’ (Fig. 1). In the whole pile, and especially in 
pelitic layers, the metamorphic minerals such as sillimanite, 
kyanite and micas appear to have crystallized or recrystallized 
uring the deformation. This synmetamorphic character of the 
eformation is also demonstrated in migmatites by the localiz- 
tion of neosomes in shear bands, between boudins or in small- 
cale fold hinges. 

"The structure of the Main Central Sheet is simple. The general 
mposite foliation dips 10-30° north, but is undulated, giving 
large circular distribution with a pole oriented N060 on a 
tereoplot (Fig. 2). This distribution is due to long-wavelength 
ow-amplitude folds in the vicinity of Nyalam (Fig. 1). The 
‘oliation is axial planar to numerous isoclinal recumbent folds 
hich deform a foliation and which occur on the centimetre to 
everal tens of metres scale. The folds and the foliations belong 
ọ a complex deformation history. It is difficult and even pre- 
umptious to separate superposed phases known to result from 
ntinuous development of the Main Central Sheet. The iso- 
linal fold axes are parallel to a mineral lineation indicated by 
longated patches of micas, kyanite and the long axes of sil- 
imanite or muscovite + quartz aggregates. This lineation is also 
n elongation lineation which, because of the high values of 
hear strain within thrust sheets, can be equated with the direc- 
ion of the principal stretch *°?'. Continuous and discontinuous 
ariations in the lineation trend are related to the existence of 
several slices in the Main Central Sheet (Figs | and 2A, B, C 
and D). Although some discontinuities between the slices are 
ithological, some are intraformational. But they are all charac- 
erized by mylonitic bands and intense folding. In slice D, just 
bove the MCT, the lineation trends N020-030 and rotates to 
N090-110° near slice C. Within slice C the same rotation is 
Observed near slice B. In slices B and A, the mean direction of 
he lineation is N090 except to the base of these slices where it 
rends N020-030. The striking feature of the lineation trajec- 
ories (Figs 2 and 3) is the continuous anticlockwise rotation of 
he lineation when approaching the mylonites. Non-coaxial 
eformation criteria indicating shear deformation parallel to the 
ineation are abundant whether the lineation trends east-west 
_or north-south. They are commonly sigmoid-shaped polycrys- 
talline aggregates, asymmetric pressure shadows, rotated gar- 
“nets, drag folds and shear bands, which are evidence for south- 
wards shearing where the lineation is approximately north-south 
(in a way compatible with the sense of movement on the 
MCT) and westwards shearing where the lineation is almost 
east-west (a systematic trend which had not been observed 
-previously). 

In some places, channels 1-50. cm thick are parallel to the 
foliation. They correspond to phyllonites having a diaphtoritic 
mineral composition (muscovite, pale chlorite) and along which 
post-metamorphic southwards inverse faulting has taken place. 


the Main Central: Sheet trending east-west are chevron folds 


several tens of centimetres in wavelength which are minor struc- 
tures that are overturned to the south. 

The Main Central Sheet in southern Tibet exhibits (par- 
ticularly along the Nyalam-Zham section) the following charac- 
teristics: southwards thrusting suggested by the general dip to 
the north of the main composite foliation, north-south stretching 
lineation especially in mylonitic zones (implying that important 
north-south movements in the Main Central Sheet are concen- 
trated within narrow zones) and southwards directed non- 
coaxial deformation criteria. In addition, westwards shearing 
subparallel to the Himalayan Belt is indicated by N080-120 
trend of the principal extension and mineral lineation, west- 
directed non-coaxial deformation criteria, stability of the 
roughly east-west recumbent fold axes in the thrust pile where 
they should tend to be rotated into the shear direction”. East- 
west north-south lineations are observed within the same foli- 
ation plane and have developed with the same grade of meta- 
morphism. The continuity between the two directions and the 
anticlockwise rotation of the lineation may be discussed in terms 
of combined (westward) wrenching and (southward) thrusting 
as it has been proposed for thrust areas in the Variscan Belt”. 
This interpretation is new in the Main Central Sheet where 
earlier studies have ignored the east-west lineations and their 
significance. Our results indicate that the intracontinental thrust 
known as the MCT in the Himalayas has evolved into a ductile 
wrench fault. On one hand, the wrenching could be owing to 
local effects such as relative movement between slices induced 
by local mechanical heterogeneities; on the other hand it could 
be owing to general causes such as the inhibiting of underthrust- 
ing by the light buoyancy of the crust”* or variations in the 
displacement path of India. To get an answer, more data are 
needed on the pattern of stretching trajectories and the geometry 
of thrust slices all along the Himalayan Belt. Some discon- 
tinuities not seen by us will probably be discovered in future 
work. The identification of mylonitic zones in the Main Central 
Sheet suggests that it is not a simple pile as claimed, but that 
it is the superposition of several tectonically emplaced slices 
whose nature and extension must be documented. 

We emphasize that the evolution of large intracontinental 
thrust into wrench faults is probably a common feature of many 
more crustal shear zones than has been recognized. 
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The Vester-Ulbricht hypothesis suggests that the chirality of 
biological molecules originates from the B-radiolysis of prebiotic 
racemic mixtures’. Despite the inconclusiveness of past investiga- 
tions’, recent calculations have shown that £ particles, because 
of their helicity, radiolyse L- and D-enantiomers at slightly differ- 
ent rates, the asymmetry, Ar, being predicted to be 107" (new 
experimental tests” give |Api<2x10~*). Before this, the 
size of the radiolysis-induced chiral polarization, Ne (n= 
(a, — np)/(n, + np) where m, and np are the numbers of L and D 
molecules present), was estimated” '? for different values of Ay; 
according to Keszthelyi et al.>"', if |Ay|~ 1071", Ing] can never 
exceed the chiral polarization, |r|, produced by statistical fluctu- 
ations, thus invalidating the V-U hypothesis. Here we re-examine 
the major assumptions on which these calculations were based and 
find that several overly restrictive conditions were imposed, which, 
when relaxed, allow the condition |R| > [yr], in accordance with 
the V-U hypothesis. 

The previous calculations””'? of ng were made for a particular 
system of chiral molecules undergoing simultaneous formation, 
B radiolysis, thermal- and radio-racemization and decomposi- 
tion and, in some”"'’, well-defined physical restrictions were 
placed on the volume and surface area of the system. We follow 
here these earlier treatments, except that the restrictions are 
removed and three new features introduced: (1) the recent 

‘theoretical estimate Ay ~ 10°'' is used; (2) a number of plausible 
‘new intense sources of B radiation are considered (Table 1): 
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Fig. 1 Magnitude of maximum chiral polarization |7,(max)| ver- 
sus temperature for radiolysis of alanine in an aqueous environ- 
ment by natural sources of 8 radiation. Calculations used the rate 
equations of Mann and Primakoff'*. Radiolysis rate constants, for 
which the asymmetry is 107'' (refs 5, 6), are given in Table 1. The 
Arrhenius parameters from which the thermal racemization rate 
constants are calculated, the thermal decomposition rate constants 
and the radio-racemization rate constant were obtained from refs 
27, 28 and 12, respectively. Clearly the largest values of |, (max)| 
are favoured by strong B emitters and by low temperatures (the 
temperature dependence of |y,(max)| is a direct consequence of 
that of the racemization rate constant). Also shown for comparison 
is the chiral polarization produced by weak neutral currents, which 
create an energy difference between an enantiomer and its mirror 
image”. 











































Table 1 Source strengths and radiolysis rate constants for B-ray sources 





Source Radiolysis Radiolysis 
strength rate constant time constant. 
B-ray source S(s7! em™3) eS(s7') (eS)! (yr 
°K, SC in ocean 0.2 sx107™ 6x10 
Total crustal average 3.9 2x10" 2x19" 
Uranium-detrital deposit 6x10? 4axig7's 8x10" 
1x 108 1x107 3x10° 
351) natural reactor 14x10? 5x407"? 60. 


eaaa 


values for the ocean and Earth’: 


2 


and **°U in ref. 18. In addition t 


that the amino acids present on the 
early Earth were formed in the presolar nebula and carried down in carbonaceous 
chondrites in the last stages of the Earth’s accretion. These amino acids. would 
have been irradiated during the decay of nova™* or supernova” produced short: 
lived radioisotopes incorporated directly into the carbonaceous chondrites, for 
example, ?6Al, which has been detected in the Murchison and other meteorites 
The Al source strength is obtained from data in ref. 26. 


(3) the temperature dependence of the racemization an : 
decomposition rate constants is included. 

The result of our calculation is that, for a system of N chir: 
molecules (N = n, + np), |nr] increases with time from zero t 
a maximum value given approximately by 


4AR if eS> Bp 
eSAp/2B if eS« B 


where eS is the radiolysis rate constant for a B-ray source 0 
strength S (Table 1) and 8 is the racemization rate constant:o 
half the thermal-decomposition rate constant, whichever i 
greater. This result is obtained by solving the rate equations’ 
for m, and np to first order in Ag. This maximum. value i 
attained in a characteristic time (defined as the inverse of th 
respective rate constant) approximately equal to the radiolysis. 
racemization, or thermal decomposition time, whichever is least. 
These results are obtained irrespective of whether formation o 
the enantiomers is taken to occur before, or simultaneously with, 
radiolysis. For each of the B-ray sources, |n,(max)| is plotted 
for the amino acid alanine as a function of temperature (Fig 
1) and the corresponding time required to reach this maximum 
is given for selected temperatures in Table 2. Because of uncer 
tainties in the input parameters, these values are estimates of 
an order of magnitude rather than precise predictions.. 

We find that [ng] never exceeds 3 x 107; this is much smalle 
than previous estimates'*. Hence, asymmetric B-radiolysis can 
never by itself produce |n| = 1.Nevertheless, the small value of 
ng can be amplified by subsequent chemical or biological pro- 
cesses eventually to give 7 =+1. A necessary condition for th 
validity of the V-U hypothesis is that this initial np be greater 
in magnitude than |n| and, because, from statistical arguments, 
[nF] is almost certainly <3N~'/? (this equals three standard. 
deviations, assuming the distribution of fluctuations to be 
gaussian), this condition will be satisfied for N>9/%. For 
instance, if nR=3x107'?, then N~10% (150g of alanine): 
which, for reasons to be discussed below, may not be an excess: - 
ively large amount. 

Therefore, for plausible prebiotic conditions, the relation: 
lnr! = |ne] can obtain, whereas the most recent analysis of | 
Keszthelyi’® concludes that |7,| <[nr]. The discrepancy arises 
because Keszthelyi’s analysis is based on the choice of a system. 
having a static l-litre volume with a 1-cm? surface area and 
10-m depth, which is radiolysed by 8 particles from natural “°K.. 
at a temperature T=20°C”"''?, and assumes that the amino 
acids produced in the atmosphere enter this volume only through. 
the surface, at a rate of 2 x 10'° s~' cm™. According to the results 


7r(max) =| 





Table 2: Maxim: tion times and magnitudes = 


























































i chiral polari 
Maximum chiral 
Temperature polarization Time required 
B-Ray source (eC) inp (max)| (Yr) 
x, |C in ocean -20 2x107" 2x10 
: 0 3x108 4x 10° 
20 7x107 9x10° 
100 1x107? 2 
Total crustal average —20 gxio7'* 2x10" 
0 1x107" 4x 10° 
20 3x107" 9x10 
100 5x10? 2 
< Uranium-detrital deposit —20 3x107? 8x10" 
; 0 2x10°8 4x10° 
20 5x10 9x10" 
100 1x107" 2 
-20 3x107" 3x10° 
0 3x107”? 3x 10° 
20 1x107" 9x 104 
100 3x107'8 2 
ZU reactor (10 kW) -20 3x107? 60 
0 3x107”? 60 
20 3x107? 60 
100 1x107" 2 
350 2x107 2x107 


imene 


1 Fig. 1, the largest value of |nr] that can be attained under 
ese conditions is ~107'’, requiring N = 10°° for the condition 
nil= |nr] to obtain. However, the number of amino acids 
accumulating in the system of Keszthelyi is, at most, of order 
0°” (attained in 10° yr), which gives |p| = 107° and |n¢| >| nel- 
Figure 1 shows, however, that |ng| > |np|= 107"? can obtain 
y increasing |nr! for the above system, either if T < —20 °C, or 
the stronger sources that we have introduced are present. In 
ddition |np| can be smaller than 10°" if larger systems are 
allowed, for example, by increasing the 1-cm? surface area of 
the systems in refs 9-11, 13. We note that subsequent amplifica- 
‘tion mechanisms may well impose limits on the size of a system, 
‘where ‘system’ is defined as the total number of chiral molecules, 
CN, which is the starting point for chemical or biological processes 
amplifying |n| in that initial population. However, the nature 
of such processes has not been determined explicitly, although 
“models amplifying |n| in systems of large physical dimensions 
‘have been demonstrated mathematically'*"'®. Thus, we conclude 
‘that there is no justification for assuming N < 10°” asin refs 9-11. 
We have demonstrated that, under certain not improbable 
‘conditions, the result |nr] = |nr] can obtain despite the small 
magnitude of np. Recently, a general argument that some 
pecific causal mechanism probably dominated statistical fluctu- 
‘ations has been advanced!’, which our results show could have 
been asymmetric radiolysis. Considering the present lack of 
knowledge of the details of any realistic prebiotic amplification 
process and evidence presented here for the prebiotic existence 
_of the strong ”°°U and A1 sources (Table 1), the V-U hypothesis 
cannot be excluded without further detailed research. 
We thank Professors E. W. Heinrich and R. Sears for helpful 
discussions. R.H. thanks Wake Forest University for a Reynolds 
eave of absence. This work was supported by NASA and the 
NSF. 
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Selected actions of neurotransmitters and hormones on ion chan- 
nels in nerve and muscle cells are now thought to be mediated by 
cyclic AMP-dependent protein phosphorylation'"''. Although the 
cyclic AMP-dependent protein kinase (CAMP-PK) affects the 
cellular properties of several neurones, its mode of action at the 
single-channel level has not been characterized. In addition, little 
is known about the identity or subcellular localization of the 
phosphoproteins that control channel activity and, in particular, 
whether the critical substrate proteins are cytoplasmic or mem- 
brane-associated. In Aplysia sensory neurones, serotonin produces 
a slow modulatory synaptic potential mediated by cAMP-PK” 
that contributes to presynaptic facilitation and behavioural 
sensitization'”, Previously, we have found that serotonin acts on 
cell-attached membrane patches to produce prolonged all-or-none 
closures of a specific class of K* channels (S channels) whose 
gating is weakly dependent on voltage and independent of intracel- 
lular calcium'*-'*, We demonstrate here that in cell-free membrane 
patches from Aplysia sensory neurones, the purified catalytic sub- 
unit of cCAMP-PK"* produces all-or-none closures of the S channel, 
simulating most (but not all) aspects of the action of serotonin on 
cell-attached patches. This result suggests that protein kinase acts 
on the internal surface of the membrane to phosphorylate either 
the channel itself or a membrane-associated protein that regulates 
channel activity. 

Single-channel currents were recorded from cell-free inside- 
out patches of membrane (cytoplasmic surface of the membrane 
facing the bath) from LE sensory neurones of Aplysia abdominal 
ganglia using standard techniques'*'’. The membrane potential 
across the patch was held at depolarized levels to inactivate 
both the delayed rectifier K* channel and the early K* channel”. 
In these conditions, the two types of channel currents observed 
in the cell-free patches corresponded to the non-inactivating 
S-channel current (/,) and a Ca**-activated K*-channel current 
(1.)'="°. The S channel in cell-free patches displays properties 
similar to those seen in voltage-clamp" and cell-attached patch- 
clamp experiments'**. To study the action of cAMP-PK on 
S-channel currents in isolation, we kept the concentration of 
Ca?* in the bath at 0.2 uM, a concentration which does not 
activate the Ca?" -activated K* channel in Aplysia at the potential 
at which the patch was held. 

In experiments with cAMP-PK, S-channel currents were first 
identified in the inside-out patch on the basis of their Ca?*- 
insensitivity and unit current amplitude. The patch pipette was 
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Fig. 1 cAMP-PK closes S channels in inside-out membrane patches from Aplysia sensory neurones, a-c, Expanded record of channel currents... 
before, during and after application of cAMP-PK, respectively. | mM Mg-ATP was present initially. Ordinate shows the number of open 
channels (n). a, Before the addition of kinase, the patch contained four active channels open for a large fraction of the time. The current 
record fluctuates from one to four channels open simultaneously due to rapid random opening and closing of individual channels. The patch: 
contained a fifth channel which opened occasionally throughout the experiment (seen as brief upward spikes in d) and which was not analysed _ 
further. b, Three minutes after addition of cCAMP-PK (0.1 uM final concentration) plus | mM Mg-ATP (2.0 mM final concentration) the current. 
level fluctuates from zero to two channels open but the amplitude and probability of opening of the remaining active channels are unchanged | 
from those of the control. c, After recovery, the channels again fluctuate between four levels. d, Closure and re-opening of the same channels 
shown in a-c, but on a slower time sweep. Channel currents were recorded for over 8 min before addition of cAMP-PK, during which time 
there were no closures longer than 10 s. At the arrow, cCAMP-PK was added to the bath. After a latency of 3 min, one channel closed (downward 
step in maximal current level), and after a further 4 min, a second channel closed. The two closed channels then re-opened (upward ‘step 
., Changes in maximal current level in d), followed by a final prolonged channel closure. On wash-out of the enzyme, the remaining closed 
channel re-opened after 5 min. The mean duration of cAMP-PK-produced closures in this experiment was 3 min. The expanded records were 
taken from the regions indicated by the brackets labelled a, b and c in d. In tabulating this experiment (Table 1), two out of five active | 
channels were counted as closed by cAMP-PK. Probability of channel opening fluctuated between 0.5 and 0.7 throughout the experiment; 
these fluctuations were uncorrelated with the addition of kinase or Mg-ATP. Current records were filtered at 500 Hz in d, 1 kHz in a-c. The 
membrane was held at 0 mV throughout. ws 
Methods. Patch pipettes were filled with normal artificial seawater (resistance 1-2 MQ) containing (in mM): 460 NaCl, 10 KCI, 10CaCi,, 
55 MgCl, 10 Tris buffer titrated to pH7.5 with NaOH. The bath contained an ‘intracellular’ solution of (in mM): 360 KCl, 272 sucrose,’ 
10 NaCl, 2 MgCl., 20 K-HEPES (pH titrated to 7.2-7.5 with KOH) and 1.5K-EGTA and 1.0 CaCl, to give a free Ca** concentration of 
0.2 uM. All experiments were done at room temperature (22-25 °C). cAMP-PK was purified according to ref..16 (specific activity 4.8 x 10° U 
per mg protein where | U = I pmol POJ” transferred per min, assayed according to ref. 25). Purified enzyme was stored in buffer containing 


2 M glycerol, 50 mM KH,PO,, pH 7.2; 1-7 days before use, an aliquot (50-500 yl) of kinase was dialysed against the ‘intracellular’ solution © 


to remove the glycerol and raise the K* concentration. 


then placed in a small well, superfused with a solution contain- 
ing 0.2 pM free Ca”* and channel currents were recorded for 
5-15 min to obtain a stable baseline of S-channel activity. 
Purified catalytic subunit of cAMP-PK (0.1-1 pM) was then 
added to the patch either with or without Mg-ATP. 

In the presence of Mg-ATP, cAMP-PK produced prolonged 
all-or-none periods of channel closure (Fig. 1) in 73% of all 
experiments {n = 42). Such prolonged closures (lasting for over 
208; see Fig. 2 legend) were observed neither during control 
recordings before the addition of kinase nor after the kinase 
was washed out of the bath. Once closed by the kinase, the 
channels do not remain closed indefinitely, but rather can re- 
open, even in the continued presence of kinase; there can then 
follow repeated cycles of long closures and re-openings. 

The protein kinase closed 1.3 + 1.0 (mean +s.d.) channels out 
of a mean of 3.8+1.9 channels initially active per patch. Thus, 
the kinase closed 34% of all channels in the patches, including 
channels in patches where kinase failed to produce any sig- 
nificant closure. To control for any nonspecific effects of the 
catalytic subunit of cCAMP-PK not mediated by phosphorylation 
(as well as any bias introduced by our criteria for significant 
closure), we tested the effects of the catalytic subunit of cAMP- 





PK in the absence of Mg-ATP. Without this source of. high- 
energy phosphate, the kinase was much less effective, producing 
channel closures in less than 24% of all experiments and closing 
only 8% of all channels. Similarly, Mg-ATP alone (in concentra. 
tions up to 10 mM) had little effect on S-channel activity (see 
Fig. 2). We have not yet been able to determine whether the 
closures seen with cAMP-PK in the absence of Mg-ATP or with 
Mg-ATP alone reflect a low sponianeous closure rate of th 
channel that is independent of either the cyclic AMP-dependent 
kinase or Mg-ATP, or whether the closures result from the action 
of endogenous kinase or the presence of membrane-bound 
Mg-ATP. Nevertheless, the marked stimulation of channel 
closure by cAMP-PK in the presence of Mg-ATP argues that 


these closures represent a phosphorylation reaction mediated 


by the kinase. 


The mean latency between addition of cAMP-PK and the first 


channel closure was 4.5+4.0 min (range 30s to 15 min). This 
latency was probably due partly to inadequate mixing when the 
small volume of enzyme (40 yl) was added to the well. In the 
10 most recent experiments, in which care was taken to ensure 


adequate mixing of the bath, the mean latency was reduced to- 


<2.5 min. 

























































We have compared our results in cell-free patches the 
ffects of serotonin on channels in intact cells. Extracellular 
pplication of serotonin and intracellular injection of cyclic 
MP produce prolonged, all-or-none closures of the S channel 
thout affecting either the elementary conductance of the 
annel or its gating”. It is important, therefore, that in cell-free 
gatches, cCAMP-PK simulates these physiological effects by 
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ig. 2 Effects of Mg-ATP alone (W), cAMP-PK (©) and cAMP- 
PK plus Mg-ATP ($) on S-channel currents. Data were obtained 
in the presence and absence of potassium fluoride as indicated. 
a, Per cent of experiments in which a given treatment produced 
prolonged closures of the S channel. Concentrations of cAMP-PK 
were in the range 0.1-1.0 pM. The data have been grouped accord- 
ing to whether treatments included no KF (0 KF) or 20-50 mM 
KF in the bath solution. The pooled results from both sets of 
experiments are shown also. In tabulating the combined results, 
only results from treatments in the presence of fluoride were used 
whenever a given treatment was applied to a patch in both the 
absence and presence of fluoride. b, Per cent of total channels 
-` closed by the same treatments as in a. The increase in percentage 
of channels closed by cAMP-PK plus Mg-ATP with KF is statisti- 
cally significant ( P < 0.05). The percentage was obtained by divid- 
ing the maximum number of channels closed simultaneously by a 
given agent by the number of channels that were initially active 
in the patch. In determining the percentage of experiments with 
prolonged closure and the percentage of channels closed, a 20-s 
closure was chosen as the threshold for considering a prolonged 
closure significant, because this duration was generally longer than 
the longest closed time in the absence of agent but shorter than 
most of the prolonged closures seen in the presence of cCAMP-PK 
(plus Mg-ATP). Similar results were obtained using a threshold 
of between 10 and 20s. In addition, a closure was considered 
significant only if the baseline current recording in the absence of 
treatment was stable, with no closures longer than 20s over a 
period of recording that was at least twice the latency to the first 
channel closure-after addition of the agent. If a channel re-opened 
after 20's, it was still counted as a closure. We did not calculate 
the average reduction in patch current, which would be somewhat 
less than the percentage of channels closed. The number of experi- 
ments using Mg-ATP, cAMP-PK and cAMP-PK plus Mg-ATP 
was, respectively, 26, 17 and 40 in 0 KF; 2, 6 and 12 in the presence 
of KF; and 27, 18 and 42 for the combined results. In addition to 
the control experiments shown here, we found that heat-inactivated 
cAMP-PK never produced the all-or-none closures of channels 
produced by the active kinase (n =8), but in some experiments 
the denatured enzyme caused a slight decrease in the probability 
of opening of a channel. Such changes in probability were not 
seen with active kinase, either in the presence or absence of ATP. 





even in the presence of the kinase, whereas serotonin caused 
closures that persisted for the entire duration of transmitter 
application (>5 min). Second, cAMP-PK closed fewer 
channels than serotonin (34% as opposed to 46% ; see Table I 
and Fig. 2). 

One possible explanation of these differences is that the 
cell-free patch contains an endogenous protein phosphatase that 
limits the action of the kinase by cleaving the phosphate from 
the phosphoprotein”; the lack of any specific phosphatase 
inhibitor for molluscan cells prevents us from testing this 
hypothesis directly. However, evidence consistent with the pres- 
ence of phosphatase comes from two sources: (1) Preliminary 
experiments show that the membrane-cytoskeleton complex iso- 
lated from Aplysia ganglia”’ contains significant phosphoprotein 
phosphatase activity (M.J.S. et al., unpublished observations). 
This activity is largely inhibited by KF, a nonspecific phos- 
phatase inhibitor”. (2) Based on these findings, we added KF 
to the solution bathing the inside of the patch, and found that 
KF increased both the percentage of successful experiments and 
the fraction of channels closed (Fig. 2). Figure 3 shows an 
example of such an experiment in which cAMP-PK initially 
produced no channel closure, but caused pronounced closures 
in the presence of fluoride. In three experiments in which kinase 
produced only brief closures (<20s long) in the absence of 
phosphatase inhibitor, the duration of channel closure was 
increased 5-10-fold in the presence of inhibitor (two experiments 
with fluoride and one with a different inhibitor, 2 mM _p-nitro- 
phenylphosphate). KF alone had no effect on channel activity 
nor did it potentiate either the effects of CAMP-PK in the absence 
of Mg-ATP or the effects of Mg-ATP alone (Fig. 2). As fluoride 
stimulates adenylate cyclase”, we controlled for this by adding 
cyclic AMP directly to the patch to test whether the effects of 
KF are mediated by cyclic AMP production. In the presence of 
Mg-ATP, but without cAMP-PK, cyclic AMP (0.1-1 mM) had 
no significant effect on channel activity (n = 6), nor did it potenti- 
ate significantly the effects of cAMP-PK. 

The results presented here indicate that cAMP-PK can pro- 
duce prolonged all-or-none closures of single S channels in 
cell-free patches of membrane. The similarities in the actions 
of cAMP-PK in cell-free patches to those of serotonin and cyclic 
AMP acting through a complicated cellular system support the 
view that the closures produced by kinase in the cell-free patches 
are physiologically relevant. Moreover, these actions are pro- 
duced by concentrations of enzyme (0.1-1 pM) that are in the 
physiological range and represent less than the total concentra- 
tion of cAMP-PK in the sensory neurones”. The effects of 
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Table 1 Comparison of modulatory effects in cell-attached and cell- 
free membrane patches 





% Expts % Of Latency Closed 
with channels to first time 

Treatment n closures closed closure (min) (min) 
Cell-attached 

Serotonin 33 76.5 45.8 1713 >85 

Cyclic AMP 7 71.4 52.2 4541.6 >5 
Cell-free 

cAMP-PK 

+ ATP* 42 81.0 42.0 45+46 3.04 2.7 
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Closed times in serotonin and cyclic AMP generally outlasted the 
experiment so 5 min is a lower limit. Mean closed time with cAMP-PK 
was calculated using data from experiments in which channels showed 
recovery from closure (n = 18). 

* Results are combined (+) fluoride results from Fig. 2. 
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Fig. 3 KF potentiates the action of cAMP-PK. Current from an inside-out patch of membrane containing one S channel. a, Before the 
addition of 50mM KF to the bath solution, application of cAMP-PK (0.1 pM; specific activity = 5.9 x 10° U per mg protein) and Mg-ATP 
(1.0 mM) had no effect on channel activity measured for 11 min after kinase application. b, Single-channel current recorded in the presence 
of 50mM KF. Addition of cAMP-PK (0.1 4M) and Mg-ATP (1.0mM) produced prolonged periods of channel closure (mean closed 
time = 2 min). c, Expanded time record (bracket labelled c in b) of single-channel current showing the normal channel gating process in the 
presence of 50 mM KF before the addition of kinase and Mg-ATP to the bath. d, e, Continuous sweeps on an expanded time scale showing © 
the transition from the normal gating process to a period of prolonged closure after the addition of kinase plus ATP to the bath. Note that 
the channel exhibits normal gating behaviour up to the time at which it enters a prolonged closed state, Current record filtered at 250 Hz in) 

a, b and | kHz in c-e. 
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cAMP-PK do not completely mimic those of serotonin and 
cyclic AMP in the intact cell, however. In the cell-free patch 
the kinase tends to close somewhat fewer channels and the 
closures are shorter, suggesting that either the cell-free patches 
lack adequate amounts of some component necessary for com- 
plete channel modulation, or the patches contain a phos- 
phoprotein phosphatase which terminates the kinase-induced 
closures. That KF, a nonspecific phosphatase inhibitor, potenti- 
ates the effects of cCAMP-PK provides indirect evidence for the 
involvement of a phosphatase. The difference in channel closure 
time between cell-attached and cell-free patches may be 
explained if the sensory neurones contain a cytoplasmic protein, 
similar to phosphatase inhibitor protein found in other tissues, 
which is capable of regulating phosphatase activity’. Finally, 
although we cannot determine whether the kinase phosphory- 
lates the S channel itself, our results suggest that the isolated 
membrane contains at least some of the phosphoproteins 
necessary for channel closure. 
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Cell recognition and selective adhesion may be important in patter 
formation; such processes in Drosophila melanogaster could be 
responsible for the maintenance of segment boundaries’, the mor 
phogenesis of metamorphosing imaginal disks’, and the paths of 
axon outgrowth during neurogenesis’. As cells from differen 
imaginal disks of Drosophila are able to recognize and. sort où 
from one another**, we decided to investigate whether these larval 
cells could recognize and bind to the epidermis of intact embryos. 
We report here that imaginal disk cells bind preferentially. to the 
epidermis of the embryonic segments from which they are derived: 
thoracic disk cells to thoracic segments and genital disk cells to 
abdominal segments. Furthermore, thoracic disk cells recognize. 
and bind, without preference, to all segments of the homocotic. 
mutant Df(3R)P9 (ref. 6). We conclude, therefore, that cells of 
the same segmental origin have similar recognition properties at. 
different developmental stages. 


Fig. 1 Photomic 

cells bound to the surface of 
-Drosophila embryos (x90); in all 
three cases the anterior end of the 
“embryo is at the top. Shown here are 
examples of a wild-type embryo that 
has been dissected out of its vitelline 
membrane (a), a wild-type embryo 
with thoracic disk cells attached to 
the second thoracic segment (b), and 
a Df(3R}P9 embryo (c) with thoracic 
disk cells attached to several head 
“segments (not scored) and the sixth 
abdominal segment. The positions of 
attached cells are indicated by arrow- 
heads; the bright area in the interior 
of the embryos is due to autofluor- 
escence of the yolk. 
































































































“Whole imaginal disks dissected from late third-instar larvae 
vere incubated in Schneider's’ insect culture medium with 5% 
fetal bovine serum (FBS), 2 mg ml”! collagenase and 5 pg mi~’ 
hodamine-{23 for 45 min, in order to disrupt the basement 
1embranes and allow uptake of the dye. They were then rinsed 
| fresh medium, dissociated in 0.36 M citric acid pH 2.5 for 
§s, and immediately transferred to fresh medium containing 
.5% FBS, 1% bovine serum albumin (BSA) and Tris-base 
sigma) to neutralize the acid. With this technique, most of the 
isks become dissociated to single cells or small clumps’, with 
ver 90% of the cells viable as determined by Trypan blue 
xclusion. The dissociated cells were then concentrated by set- 
ing them out at lg onto a 100% Percoll (Sigma) cushion at 
room temperature. 

Embryos that had just completed germ-band shortening (~9 h 
fter egg deposition at 25 °C) were dissected from their vitelline 
embranes in Schneider’s and 5% FBS using tungsten needles 
Fig. la). Disk cells were then added to the embryos in a 
epression slide. The final volume was adjusted to 90 wl, with 


Fig.2 Frequencies of disk cell attachment to embryonic segments. 
a, Schematic diagram of the segmental pattern of a wild-type 
-embryo shortly after completion of germ-band shortening, with 
thoracic (T), abdominal (A) and telson (t) segments labelled. b-d, 
listograms of the frequency with which disk cells bind to a given 
segment for n embryos examined. b, c, Binding of thoracic disk 
‘eells and genital disk cells, respectively, to wild-type embryos. d, 
Binding of thoracic disk cells to Dff3R)P9 embryos. In a few cases, 
disk cells attached at the boundary between segments: these were 
scored as intermediate between the two. For statistical com- 
_ parisons, the total number of cases of binding to thoracic segments 
was determined for each experimental condition, as was the total 
number of cases of binding to abdominal segments, Using the G 
test, the totals for different experimental conditions were com- 
ared: first, thoracic disk cell as opposed to genital disk cell binding 
to wild-type thoracic and abdominal segments: second, thoracic 
disk cell binding to wild-type versus Df(3R)P9 thoracic and 
abdominal segments. 

“Methods: Disk cells were dissociated and incubated with embryos 
as. described in the text. Embryos were then scored for the presence 
af bound disk cells by fluorescence microscopy. Localized regions 
of the embryos were often damaged by the dissection procedure; 
the damage was visually apparent, with chunks of tissue either 
missing or mutilated. Because we found that disk cells bound 
indiscriminately to any regions of the embryos that had been 
lamaged, only disk-cells that were bound to apparently undamaged 
regions were scored. To control for the possibility that the 
apparently intact regions had suffered invisible damage, we varied 
the point at which-the vitelline membrane was cut during dissection 
in the different trials, thus varying the regions of the embryo that 
were damaged, The distribution of binding to putative undamaged 
sites was the same for each trial, regardless of the dissection method 
used, indicating that the observed distribution of binding was due 
to cell recognition and not to undetected damage. Because the 
embryonic head segments were often damaged during the dissec- 
ion procedures, attachment of disk cells to head segments was 
not considered. 


~5x10° disk cells ml”! for each group of 20 embryos. The 
mixture was incubated for 2 h at room temperature on a rocking 
shaker. The embryos were then rinsed twice in insect Ringer’s® 
to remove unattached cells, and scored for the position of 
attached fluorescent cells. 

In five separate trials, mixed disk cells of thoracic origin (leg, 
wing and haltere disks) bound preferentially to the second and 
third thoracic segments of wild-type embryos (Figs 1b, 26). 
From a total of 84 embryos examined, between 20 and 50% 
showed disk cell binding, some with multiple sites of attachment. 
The variation in attachment frequency between different trials 
was probably due to slight variations in dissociation technique, 
cell concentration and preparation time before incubation, 
because experiments done using the same disk cell preparations 
usually had attachment frequencies within 10% of each other. 

We also examined the pattern of binding of genital disk cells 
to wild-type embryos, in four separate trials for a total of 92 
embryos; these cells bound preferentially to the eighth 
abdominal segment (Fig. 2c), a significantly different pattern 














(P <0.005 using the G test’) from that observed with thoracic 
cells. As the genital disk anlage arises from the eighth and 
subsequent abdominal segments’, this result indicates that disk 
cells-are able to recognize and bind to their segments of origin. 

As a further test of recognition specificity, we examined the 
pattern of binding of thoracic cells to embryos homozygous for 
a deficiency of the bithorax complex (Df(3R)P9). In these 
homozygous embryos, each segment from the third thoracic 
segment to the seventh abdominal segment is transformed into 
a mosaic of anterior mesothorax and posterior prothorax'', as 
shown by the morphological pattern of the differentiated cuticle. 
Because embryos homozygous for the deficiency also fail to 
complete germ-band shortening when incubated at 18 °C (ref. 

12), we were able to select them for use in our assay. 

We performed these experiments using the same preparations 
of thoracic disk cells as in the experiments with wild-type 
embryos. In each of five trials, thoracic disk cells bound without 
preference to all segments of the mutant embryos (Figs Ic, 2d), 
a significantly different pattern (P <0.005) from that observed 
when the same cell preparations bound to wild-type embryos. 
This result indicates that the homoeotic transformation affects 
at least two aspects of segmentation: the cuticular pattern 
secreted by the cells of the embryonic epidermis, and the recogni- 
tion properties of these cells. Also, because this result demon- 
strates that the mutant embryos are already transformed at the 
stage used, the bithorax genes must normally be expressed at 
or before this time, as concluded previously'*". 

The imaginal disk anlagen arise in the embryonic epidermis 
at about the stage used in this assay’; it is possible, therefore, 
that the disk cells recognize disk anlagen rather than the epider- 
mis as a whole. However, the disk cells do not bind only to 
particular regions within a segment, as would be expected if the 
disk cells recognized only disk anlagen. Thus, we believe that 
the disk cells recognize and bind to the entire epidermis of a 
given segment. 

It should be emphasized that in these experiments the cell 
recognition occurs between two cell types at very different 
“developmental stages: imaginal disk cells from late third-instar 

larvae (just before the onset of pupariation) and embryonic cells 
from a much earlier stage (~10h after fertilization at 25°C); 
thus the properties that permit their recognition and binding 
are present over a wide developmental period. It is possible that 
these recognition properties are present as early as the cellular 
blastoderm stage, when the cells first become committed to a 
particular segment identity'®. 

Thus, we have shown that cell recognition and selective 
adhesion can occur between epidermal cells of different develop- 
mental stages in Drosphila, and that this recognition is segment 
or region-specific. Such cell recognition may be a key factor in 
controlling developmental processes. We plan to use the assay 
described here to characterize the properties responsible for 
recognition and binding, and to determine further their speci- 
ficity. 

We thank J. Palka for the use of his fluorescence microscope; 

B. Alberts, L. Sandler, S. Blair and L. Riddiford for their helpful 
comments; and Caroline Kiehle for technical assistance. This 
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A.G.). 
Note added in proof: We have recently found that the preferential 
binding of disk cells to embryos is enhanced greatly by pretreat- 
ing the embryos with | mg ml”! collagenase for 10 min at room 
temperature. 
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Atrial natriuretic polypeptides (ANPs) of varying chain length 
have been identified recently in human’ and mee atrial tissue. 
Their potent natriuretic—diuretic activities indicate their key rok 
in the regulation of extracellular fluid volume and electrolyt 
balance. Furthermore, human’ and rat'*-? cDNAs encoding thei 
precursor have been cloned and identified. Natriuretic—diureti 
activity in human atrial extract comprises three distinct com 
rrp (a, relative molecular mass (M,) ~ 3,000; B, M;~ 6,000 
y, M, ~ 13,000)'. However, only the 3,000-M, peptide, ‘@-humar 
atrial polypeptide (a-hANP), comprising 28 amino acids, has 
far been identified’. We report here the purification and sequence 
analysis of two novel hANPs of higher M,, B- and y-hANP, bot 
of which exhibit natriuretic and hypotensive activity. y-hANP, 
composed of 126 amino acids, carries the a-hANP sequence a 
its carboxy terminus. The identification of y-hANP reveals that 
the peptide, being the largest form of hANP, is processed directl 
from a 151-residue precursor’ by removal of a 26-residue signa 
peptide. In contrast, B-hANP (56 residues) comprises an anti: 
parallel dimer of a-hANP; such a dimeric peptide possessing 
bioactivity has never been found in the tissue as an endogenow: 
entity. 

Purification was carried out using side fractions prepare 
from a single human atrium, as in our previous isolation 0 
a-hANP’. Natriuretic activity in the extracts was monitored b; 
an assay of relaxant activity on chick rectum”. At an earlie: 
purification step, SP-Sephadex C-25 chromatography of th 
crude atrial was used to separate fraction SP-II, containing the | 
less basic rectum relaxant y-component, from the more basic. 
fraction SP-III, which contains the a- and B-components (Fi 
1 legend). Gel filtration of fractions SP-II and SP-III yielde 
crude y-hANP (13,000 M,) and B-hANP (6,000 M,), respe 
tively (Figs la, 2a). The y- and B-components were purified to 
homogeneity by subsequent cation-exchange and reverse-phas 
HPLC and their purity was confirmed by different HPLC system 
(Figs 1b, 2b,c). The amino acid composition of the purified 
peptides indicates that 8- and y-hANP have 56 and 126 amino. 
acid residues, respectively (Fig. 4 legend). From these data, the 
yields of B- and y-hANP obtained from a 40-g human atrium 
were estimated to be 14 and 67 nmol, respectively. (Note that. 
92 nmol of a-hANP were isolated in the same purification.) 
Because y-hANP has a disulphide linkage, sequence analysi 
of the peptide was performed after reductive S-carboxymethyl 
tion to convert it to the corresponding RCM (reduced an 
S-carboxymethylated)-derivative (Fig. 4 legend). Edman degra 
dation combined with carboxy-terminal analysis of the RCM-¥ 
hANP and its peptide fragments, T1-T15 (Fig. 3a) and V1-V2 
prepared by digestion with trypsin or Staphylococcus aureus V8_ 
protease, unambiguously revealed the complete amino acid 
sequence of y-hANP (Fig. 4), showing it to be identical with 
that deduced from the base sequence of cDNA encoding a: 
hANP*. Interestingly, the N-terminal sequence of y-hANP thus 
determined is closely homologous to the reported N-terminal. 
30-residue sequence of cardiodilatin'*, isolated from porcine. 
atrial tissue as a 7,500-M, peptide, regulating vascular smooth. 











| that of the 3,000-M, a-hANP (Fig. 4 legend), suggesting 
that B-hANP, composed of 56 residues, is a dimeric form of 
the 28-residue.a-hANP. Amino- and carboxy-terminal analyses 
of B-hANP also gave identical results to those obtained with 
a-hANP. Furthermore, reductive S-carboxymethylation of B- 
hANP produced a single peptide of 3,000. M, that was identical 







B-hANP, having a M, ~6,000, twice that of a-hANP, is 
markedly distinct from a-hANP on cation-exchange (Fig. 2b) 
and reverse-phase HPLC (Fig. 2c). Surprisingly, however, the 
amino acid composition of B-hANP was found to be identical 
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Fig.1 a, Gel filtration of SP-II derived from human atrial extracts 
on a calibrated column of Sephadex G-75. Column, 1.8 x 135 cm; 
flow rate, 10 ml h7'; eluent, 1M AcOH; fraction size, 5 ml per 
tube. Relative contractile activity on chick rectum is shown by 
‘black bars. V, and V, are the initial and final volumes, respectively, 
and the numbered arrows indicate the M,s (x107*) of the various 
peaks. b, Reverse-phase HPLC of purified y-hANP (1.25 nmol). 
Column, TSK LS-410 ODS SIL(4x250 mm; ToyoSoda); solvent 
system, linear gradient elution from a to b for 80 min with a flow 
rate of Imimin”'. H,0:CH;CN:10% trifluoroacetic acid 
(TFA) = a, 90:10: 1; b, 40:60: 1 (v/v). 
Methods. The starting materials used were side fractions, referred 
-to-as the B- and y-components of rectum activity, corresponding 
to about 6,000 and 13,000 M,, respectively, which were obtained 
in our previous purification of a-hANP'. Human atrial tissue (40 g) 
»- resected within 10h post-mortem was heat-treated and extracted 
with i M AcOH containing 20mM HCI. After desalting through 
--an Amicon UM-2 membrane followed by acetone precipitation at 
a concentration of 66%, the resulting supernatant was evaporated 
“in vacuo to dryness. The dry material was redissolved in 1 M AcOH 
and subjected to batchwise chromatography on SP-Sephadex C-25 
(H*-form), pre-equilibrated with 1 M AcOH. Successive elutions 
with 1 M AcOH, 2 M pyridine and 2 M pyridine-AcOH (pH 5.0) 
yielded three respective fractions of SP-1, SP-IT-and SP-IH. At this 
“step, the -y-component was eluted in the SP-II fraction, while the 
a- and B-components were eluted in the SP-HI fraction. The SP-II 
; fraction thus obtained was the starting material for y-hANP. Gel- 
filtration of SP-IT was performed- on a column of Sephadex G-75. 
_An aliquot taken. from each fraction was bioassayed for chick 
` rectum relaxant activity (a). Fractions (39-44) eliciting the rectum 
activity were subjected to preparative HPLC on a reverse-phase 
column: of TSK LS-410. ODS SIL(8 x250 mm; ToyoSoda) and 
rechromatographed.. The purity of the y-hANP obtained was 
checked by another reverse-phase HPLC (b). Bioassays were car- 
d out in the following way: (1) Chick rectum relaxant activity 
-was assayed by methods described elsewhere’, using strips of 
_ freshly isolated. chick.rectum bathed in Krebs-Henseleit solution 
~at-37.°C. Muscle tone was induced in the rectum strips by adding 
_earbamylcholine .(2*107°M). (2) Natriuretic and diuretic 
activities were assayed as reported elsewhere‘, after injection in 
rats through a jugular vein in one shot. Urine was consecutively 
collected every 5 min. The content of Na*, K* and Cl” in urine 
samples was determined as described previously’. Urine volumes 
were measured by weighing. Three observations were made for 
each dose. 
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Fig.2 a, Gel filtration-of SP-I derived from human atrial extracts 
on a calibrated column of Sephadex G-50. Column, 1.2 x 103 cm; 
flow rate, 5.4mlh™'; eluent, 1 M AcOH; fraction size, 2 mi per 
tube. Relative contractile activity on chick rectum is shown by 
black bars. b, Cation-exchange HPLC of purified B-hANP 
(0.8 nmol) compared with authentic a-hANP (1.6 nmol). Column, 
TSK CM-2SW (4.6 x250 mm; ToyoSoda); solvent system, linear 
gradient elution from a to b for 80min with a flow rate of 
Imimin™. a, 10mM HCO,NH, (pH 6.6): CH;CN =90:10; b, 
1 M HCO,NH, (pH 6.6): CH;CN = 90: 10 (v/v). c, Reverse-phase 
HPLC of purified B-hANP (0.5 nmol) compared with authentic 
a-hANP (0.5 nmol). Chromatographic conditions were as for 
Fig. ib. 

Methods. Purification of B-hANP from SP-III was performed 
similarly to that of y-hANP (Fig. 1 legend). Gel filtration on 
Sephadex G-50 of SP-IH yielded the B-component.of rectum 
activity well separated from the a-component (see Fig. 2 of tef. 
1). The B-component was further purified. by cation-exchange 
HPLC (TSK CM-2SW: 7.6 x300 mm; ToyoSoda), followed by 
reverse-phase HPLC as for the y-component, to yield pure 8- 
hANP. The chromatographic behaviour of purified 8B-hANP was 
compared with that of authentic a-hANP by cation exchange and 

reverse-phase HPLC (c). 
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Fig. 3 Reverse-phase HPLC of tryptic digests derived from: a, 
RCM-y-hANP (2.0nmol); b, RCM-8-hANP (0.75 nmol) and 
RCM-a-hANP (1.5 nmol); c, intact 8B-hANP (0.75 nmol) and intact 
a-hANP (0.75 nmol). Column, Chemcosorb 3 ODS H (46x 
75mm; Chemco); solvent system, linear gradient elution from a 
to b for 60 min; flow rate, | ml min™!. HJO:CH,CN: 10% TFA =a, 
100:0:1; b, 40:60: 1 (v/v). Tryptic peptides are designated T and 
numbered sequentially in the order they occurred in y-hANP (see 
Fig. 4). T! is an oxidized form of T1. Ta and TB in c represent 
a tryptic peptide containing a disulphide linkage derived from 
intact a- and B-hANP, respectively. 

Methods. Reductive S-carboxymethylation of hANPs was perfor- 
med as described previously! and resulting RCM-hANPs were 
purified by reverse-phase HPLC. Tryptic digestion of the RCM- 
peptides (0.75-2.0 nmol) was carried out with trypsin (1.0-2.0 pg, 
TPCK-treated; Worthington) in 25 pl of 1% ammonium bicarbon- 
ate ( pH 8.0) at 37 °C for 3 h. In the case of intact hANP containing 
a disulphide linkage, trypsinization was carried out at pH 7.0. 
Tryptic peptides were separated by reverse-phase HPLC (a-c) and 

sequenced (see Fig. 4 legend). 


-with the authentic RCM-a-hANP (Fig. 4 legend). A tryptic 
“peptide map prepared from RCM-8-hANP was also identical 
: with that from RCM-a-hANP (Fig. 3b). All these results indicate 
that B- hANP is a dimeric form of a-hANP. Furthermore, the 
tryptic peptide map.derived from the intact B-hANP is identical 
with that from the intact a-hANP, indicating that B-hANP is 
probably an antiparallel dimer of a-hANP. Trypsinization of 
the intact a- and B-hANP at pH 7.0 produced an identical 
peptide (Ta and Tf) containing a disulphide linkage, along 
with four other identical peptides (T10, T11, T13 and T15) (Fig. 
3c). Both TB and Ta produced T12 and T14 by reductive 
S-carboxymethylation, indicating that Tf is a peptide in which 
Cys7 in T12 is linked intermolecularly with Cys 23 in T14. 
Accordingly, we conclude that B-hANP is an antiparallel 
dimeric form of a-hANP linked by two sets of intermolecular 
crosslinks between Cys 7 and Cys 23. The possibility that 8- 
hANP is a parallel dimer is excluded because there are no tryptic 
fragments involving Cys 7-Cys 7 or Cys 23~Cys 23 crosslinking 
in the tryptic digests of B-hANP. Thus, the complete structure 
of B-hANP has been determined (Fig. 4). Although breakage 
and rejoining of a disulphide linkage in peptides is conceivable, 
particularly at high pH, it was confirmed that the synthetic 
a-hANP, despite its exposure to the conditions used for the 





Table 1 Diuretic and natriuretic responses induced by a-, B- and 





y-hANP 
a-hANP B-hANP y-hANP 
Dose injected (nmol) 0.2 0.8 1.0 
Urine output 315252 298 + 42 212438 
Na* excretion 422+ 83 335478 295452 
K* excretion 278 +48 152+27 143 +12 
CI excretion 451478 366 + 62 320 + 49 





Diuretic and natriuretic responses expressed as % change (mean + 
s.e.) in urine output and in excretions of Na*, K* and CI” from 15-min 
urine samples collected before and after intravenous injection in 
anaesthetized rats. Three rats were used for each sample. 

































































present purification, did not undergo dimerization to B- 
In addition, B-hANP of 6,000 M, was always observed ii 
initial extract of other human atrial tissues, indicating 
B-hANP is present in the tissue as an endogenous entitity, ev 
though the way in which such an unusual dimerization tal 
place in vivo remains unknown. 

Intravenous injection of purified B- and y-hANP in’ 
resulted in marked increases in the excretion of urine an 
electrolytes. The responses induced by y-hANP were maxi 
within 5 min of injection and essentially complete within 30 mir 
in a manner similar to a-hANP'. However, the. natriuet 
diuretic response of B-hANP showed a slower onset and longe 
duration of action than a- and y-hANP. A response was firs 
observed 5 min after injection; B-hANP-induced natriuresis ant 
diuresis were maximal in the subsegent 5 min and lasted 
50-60 min after injection. Because of the very small amount 
available, biological activities of B- and y-hANP have not be 
compared accurately. However, preliminary data (Table 1) m 
give an approximate estimate of their biological activity. 

Based on these data, natriuretic—diuretic responses. induce 
by B-hANP (0.8 nmol) and y-hANP (1.0 nmol) seem to be 
comparable to those induced by a-hANP (0.2 nmol). However, 
injection of 1.0 nmol aæ-, B- and y-hANP in anaesthetized rat 
caused a comparable decrease in blood pressure (maximu 
15-20 mmHg), lasting 50-60 min. Thus, the hypotensiv 
responses to a-, B- and y-hANP are not as great as thei 
natriuretic activities, perhaps implying a mechanistic disso: 
ation of natriuretic and hypotensive activities. It has been repor 
ted that reductive S-carboxymethylation of a-hANP abolishe 
its natriuretic activity, suggesting that a disulphide linkage < 
ting-structure of a-hANP is essential for activity'?. Interest 
ingly, however, B-hANP lacks the ring-structure observed i 
a-hANP, and yet exerts appreciable natriuretic activity. Becaus 
our B-hANP preparation was chromatographically pure an 
totally free from a-hANP contamination, it is evident tha 
B-hANP shows natriuretic and hypotensive activities of its own, 
Thus, 8-hANP may retain a structural conformation resemblin: 
the ring-structure of a-hANP which is required for activity. Th 

































































ponses of B-hANP compared with those of æ- or y-hANP 
nay be due to slight differences in their receptor binding. Note 
Iso that the oxidation of Met to Met-sulphoxide at position 12 
f a-hANP decreases its natriuretic activity to ~5%, suggesting 
hat the microenvironment around Met12 is critical for 
atriuretic activity. 

‘The present purification reveals that natriuretic activity in 
uman atrial tissue is composed of three distinct peptides, a-, 
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Fig. 4 Complete amino acid sequences of y- and 8-hANP com- 
pared with that of a-hANP. Sequence analysis was performed with 
| RCM-proteins, a series of tryptic peptide fragments (designated 
as T). Inthe analysis of y-hANP, two peptides (V1 and V2), derived 
from RCM-y-hANP by digesting with S. aureus V8 protease and 
“found to correspond to residues 25-61 and 62-107 of y-hANP, 
respectively, were used for overlapping. 

Methods. Amino acid analyses were carried out with amino acid 
analyser Hitachi-835, after hydrolysis of the peptide (~0.5 nmol) 
n 3 M mercaptoethanesulphonic acid or 6 M HCI containing 0.1% 
phenol at 110°C for 20h. RCM-y-hANP: CmCys, 1.8(2); Asp, 
13.8(14); Thr, 2.3(2); Ser, 12.8(13); Glu, 12.2(12); Pro, 12.4(12); 
Gly, 10.8(11); Ala, 10.9(11); Val, 6.1(6); Met, 3.5(4); Ile, 1.2(1); 
Leu, 15.7(16); Tyr, 2.0(2); Phe, 3.3(3); Lys, 4.3(4); His, 1.2(1); 
Trp, 1.7(2); Arg 9.5(10). RCM-B-hANP: CmCys, 3.8(4); Asp, 
CAAC); Ser, 10.3(10); Glu, 2.2(2); Gly, 10.1(10); Ala, 2.1(2); Met, 
$ 1,8(2); He, 1.9(2); Leu, 4.0(4); Tyr, 2.0(2); Phe, 4.2(4); Arg, 9.9(10). 
-Carboxy-terminal analyses of RCM-hANPs and the intact B-hANP 
(1.0 nmol) were performed by successive digestion with car- 
“boxypeptidase A and B (Sigma, 100 ng each) in a buffer of 0.2 M 
“\N-ethylmorpholine acetate (pH 8.0) at 37°C as described else- 
Where’. Amino acids released at appropriate times were analysed 
on a picomole level with a pre-fluorescence-labelling analysis sys- 
-tem (Waters)'. With both RCM-y-hANP and the intact B-hANP, 
“the first release of Tyr took place by digesting with car- 
_-boxypeptidase A. The second release of Arg was achieved after 
addition of carboxypeptidase B to the reaction solution and then 
“(spontaneously followed by successive releases of Phe and Ser. The 
-C-terminal sequence of -Ser-Phe-Arg-Tyr thus verified was found 
to be identical with that of a-hANP, implying that the a-hANP 
sequence occurs at the C-terminus of each peptide. Sequence 
analyses of RCM-hANPs were performed by stepwise Edman 
_ degradation, using a gas-phase automated sequencer (Applied 
_ Biosystems 470A), coupled with HPLC identification of resulting 
- phenylthiohydantoin-derived amino acids’*. Edman degradation 
sof RCM-y-hANP revealed the N-terminal sequence (1-38) indi- 
cated. The tryptic peptides were each identified as shown. The 
N-terminal (1-38) sequence of RCM-y-hANP determined above 
enabled us to assign the location of T1, T2 and T3 to the N-terminal 
gion of RCM-y-hANP. Tryptic peptides T10-T15, which were 
identical with those obtained by trypsinization of RCM-a-hANP, 
were concluded to be derived from the a-hANP unit, correspond- 
ing to the C-terminal sequence of y-hANP. Alignment of T3-T10 
<: was deduced by comparing sequences of two overlapping peptides, 
Vi and V2, corresponding to residues 25-61 and 62-107, which 
“were obtained from RCM- y-hANP by digesting with S. aureus V8 
- protease. Although a tryptic fragment, T? (Ser-Lys), which passed 
through the HPLC column, could not be isolated, the dipeptide 
was shown to correspond to the portion connecting T6 with T8. 
From these results; the complete amino acid sequence of y-hANP 
was unambiguously established. Sequence analysis of B-hANP is 
7 described in the text. 


lower onset and longer duration of the natruretic-diuretic - 





B- and y-hANP, in marked contrast to rat atrial natriuretic 
activity which comprises several homologous peptides’™*. This 
difference may be due to species differences in the enzymatic 
systems involved in processing the precursor. 

We have recently’ deduced the complete sequence of the 
15!-amino acid hANP precursor (pre-hANP) from the base 
sequence of cDNA encoding a-hANP. In the pre-hANP 
molecule, the N-terminal 25-amino acid leader sequence con- 
nects directly with a sequence identical with that of y-hANP. 
In this context, the present identification of y-hANP indicates 
that removal of the signal peptide and disulphide bond forma- 
tion may directly yield y-hANP, the largest peptide of natriuretic 
activity. Also, the location of a-hANP at the carboxyl end of 
y-hANP indicates that further processing may take place after 
the Pro-Arg (amino acid residues 97-98 of y-hANP) sequence, 
to give a-hANP. 
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One hallmark of the vertebrate immune system is self-tolerance; 
those mechanisms deployed against foreign tissues are not directed 
against autologous tissues’. Defects in self-tolerance, such as those 
leading to autoimmunity, have provided important insights into 
the mechanisms of discrimination between self and non-self. 
Although many invertebrates display a capacity to discriminate 
foreign tissues, it is not established that these systems represent 
‘simpler’ homologues of vertebrate immune recognition’~*. In par- 
ticular, there is a lack of evidence that any invertebrate possesses 
active mechanisms of self-tolerance. During a hydroid breeding 
programme, we found several individuals possessing a striking 
defect. These individuals were autoreactive, using their rejection 
system to actively destroy their own tissues. Here we characterize 
this ‘autoimmune’ phenomenon, which we believe to be the first 
described in an invertebrate. 

Hydractinia echinata is an athecate colonial marine hydroid 
possessing a genetically based capacity for discrimination 
between related and unrelated colonies of the same species’. 
Colonies are composed of an ectodermal mat from which arise 
many feeding polyps (each superficially similar to those of the 
freshwater genus Hydra) and a network of periderm-covered 
gastrovascular canals called stolons. When compatible colonies 
encounter one another they fuse, forming a permanent genetic 
chimaera®°. When unrelated, incompatible colonies encounter 
one another, a dramatic series of differentiation events occurs®” 
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Fig. 1 Historecognition in Hydrac- 
tinia echinata. a, Rejection between 
two incompatible colonies. Note the 
broad zone of hyperplastic tissue 
Separating the two colonies. b, 
Diagram of a: hp, hyperplastic 
stolons; M, 2, ectodermal mat of 
colonies 1 and 2; S, stolons; dots 
represents polyps. c, An autoreactive 
colony. Note the development of 
hyperplastic stolons throughout the 
colony and that this response has 
been initiated in the absence of con- 
tact with other H. echinata colonies. 
Contrast this morphology with the 
right-hand side of a, which shows the 
morphology of a normal colony. d, 
Diagram of c. Colonies were bred 
and maintained in the laboratory 
using methods described in detail 
elsewhere®? 


(Fig. la, b). Within 24h of contact, the stolons begin to swell, 
due to a large-scale migration of multipotent interstitial cells 

(I-cells) from the central mat. These hyperplastic stolons lift 
from their substratum and their epithelial surface is replaced 
by a layer of specialized cells. These cells contain basotrichous 
isorhizal nematocysts’, harpoon-like structures which discharge 
into the foreign tissue and effect its destruction. The discharged 
nematocysts are sloughed off, a new set differentiates from 
T-cells, and the histocompatibility reaction continues until one 
“colony has eliminated the other’. 

: A large number of offspring from crosses between three nor- 
mal male.and three normal female lines were tested for histocom- 
patibility. responses, and a small percentage of autoreactive 
offspring developed from one of the females (Table 1). These 
colonies were raised from single zygotes and had no contact 
with other H. echinata colonies, hence chimaerism cannot 
explain their autoreactivity. Stolons of autoreactive colonies 
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Fig. 2 Growth of normal and autoreactive colonies. a, Number 

of polyps as a function of time, expressed as the mean and 1 s.d., 

for two parents and four normal siblings of autoreactive colonies. 

b-d, Growth of three autoreactive colonies. Solid points represent 

hyperplastic episodes; open points represent periods of remission. 
Note that size in these colonies cycles with time. 

































often failed to fuse, in contrast to normal colonies. Most- stri 
ingly, however, autoreactive colonies, on reaching a characteris 
tic size, spontaneously developed a morphology resemblin 
rejection of incompatible colonies, but did so in the absence of 
any other individual (Fig. 1c,d). The onset of the autoreactiv: 
episode occurred at a size at which germ cells matured in norma 
siblings (mean size at onset of reproduction in siblings: 24 
polyps, n = 6; mean size at onset of autoreactivity: 313 polyps, 
n=9; P> (0.3, t-test). However, autoreactive colonies failed 
reach reproductive maturity. Regions of hyperplasticit 
developed in areas of stolonal growth, then grew towards. th 
central region of the colony, effecting the destruction of thi 
own tissues. Destruction of autologous tissues was not lethal 
however. The hyperplastic response is initiated only by stolons”, 
and once these stolons were destroyed the colony reinitiate 
growth. This ‘remission’ was temporary, autoreactivity bei 
triggered again at a characteristic size. Thus, colony size cycled 
with growth during periods of remission and shrinkage during 
autoreactive episodes (Fig. 2). 

Ultrastructural observations of the autoreactive conditio 
revealed batteries of nematocysts in the hyperplastic stoloni 
indistinguishable from those of normal hyperplastic stolon 
Autoreactive colonies, despite their defects in self-tolerance 
retained typical histocompatibility relationships with allogen 
tissue; they fused with parents, siblings and half-siblings, bu 
mounted a hyperplastic response to unrelated colonies. (Tabli 
2), as is typical of this lineage. Thus, autoreactive colon 
display a maternally inherited defect (Table 1) which has ini 
apparent effect on normal tissue rejection mechanisms, but 
periodically directs these same mechanisms towards the destruc- 
tion of their own tissues. 

Colonial organisms, unlike vertebrates, do not sequester their 
germ lines at an early stage of ontogeny, but rather differentiat 





Table 1 Frequency of autoreactivity 





Females 
A B C 
Males D 5 (55) 0 (32) 0 (45) 
E 3 (51) 0 (129) 0 (29) 
F 7 (94) 0 (153) 0 (61) 





Values given are the number of autoreactive colonies; the numbers 
in parentheses are the sample sizes. 





Table 2 Histocompat 





ility responses of normal and autoreactive individuals 





Test strain n Fusion 
-Parents 8 8 
Normal sibs 48 48 
«.,Autoreactive sibs 6 6 
< Half-sibs 36 35 


Autoreactive colonies 


Normal siblings 





Rejection n Fusion Rejection 
0 104 101 3 
0 IH 108 3 
0 36 108 3 
1 126 117 9 
21 43 0 43 
















. Unrelated 21 0 


erm cells from a pool of multipotent stem cells'®. In Hydrac- 
ia, the capacity for allorecognition appears well before repro- 
ctive maturation’. The autoreactive condition, however, 
rises coincidentally with the acquisition of reproductive ma- 
urity. Thus, autoreactivity may represent a response to self- 
markers expressed only with the onset of germ-cell maturation. 
The observation that the autoreactive condition fails to disrupt 
ormal allorecognition (Table 2) further supports the suggestion 
hat autoreactivity is a response to self-markers other than those 
ssociated with allorecognition. It is tempting to draw the 
nalogy (or homology?) between this invertebrate defect in 
élf-tolerance with the well-known association in vertebrates of 
eproductive maturation and the onset of various autoimmune 
fects! 
We thank K. Carle, B. Keller, R. Grosberg, C. McFadden, R. 


Mogil, D. Wethey, S. Woodin and P. Yund for comments on 
the manuscript; C. McFadden for technical assistance; and the 
NSF (OCE-81-17695 and PCM-83-10704) for financial support. 
This paper is the third of a series entitled Biology of Hydractiniid 
Hydroids. 
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interleukin-2 (IL-2) is a lymphokine originally described as a 
humoral factor required for the continued proliferation of acti- 
ated T-cell clones’. It also seems. to be involved in the mitogenic 
esponse of thymocytes’, in augmenting natural killer cell 
ictivity*, in the generation of cytotoxic T cells® and in the induction 
of other lymphokines such as y-interferon’® and a B-cell growth 
factor (BCGF-1)°. More recently, there has been evidence for the 
involvement of IL-2 per se in the stimulation of B-cell growth (ref. 
10 and T. Kishimoto and J. Vilček, personal communications). We 
have reported previously the cloning and expression of a human 
IL-2 complementary DNA. The cDNA encodes biologically active 
L-2 which would consist of 153 amino acids, including a signal 
sequence”, Because so much of the work on IL-2 has been done 
n the human and mouse, we sought to obtain cDNA encoding 
murine IL-2, and we now report the cloning, expression and 
Sequence analysis of murine IL-2 cDNAs. The longest cDNA insert 
ncodes a polypeptide of 169 amino acids, containing unique 
repeats of a CAG sequence which would encode 12 consecutive 
glutamine residues within the active IL-2 molecule. 

Polyadenylated RNA was isolated from a mouse lymphoma 
ell line, LBRM-33 (ref. 12), 6h after stimulation by 
phytohaemagglutinin (PHA, final concentration 1%) and frac- 
jonated by centrifugation on a sucrose gradient’! by the pub- 
ished procedure. Fractions containing messenger RNA whose 


sequence cross-hybridized to the cloned human IL-2 cDNA 
were monitored by blotting analysis of the single-stranded 
cDNA synthesized on aliquots of each mRNA fraction. Specific 
hybridization was observed in non-stringent conditions (see Fig. 
la legend) in a mRNA fraction corresponding to 12S (results 
not shown), and RNA from this fraction was used to prepare 

a cDNA library by the standard procedure’ ™!?. Clones which 
cross-hybridized to the human IL-2 cDNA sequence (the largest 
HinfI fragment)" were screened by the in situ proceđure’*, and 
from 15,000 colonies screened, we identified three positive clones 
(numbers 14, 20 and 21). The cDNA insert from each plasmid, 
designated pMIL2-14, pMIL2-20 and pMIL2-21, respectively, 
shared common sequences with each other, but none covered 
the entire 5’ region of the mRNA (Fig. la). We therefore 
prepared another cDNA library and screened it (~10,000 
colonies) using the nick-translated cDNA insert from pMIL2-14 
as probe. Two positive clones were identified and each of their 
plasmids, pMIL2-45 and pMIL2-58, contained a cDNA insert 
consisting of ~1,000 base pairs (bp) (Fig. Ia). 

The complete nucleotide sequence of the cDNA insert from 
pMIL2-45 was determined and compared with the human IL-2 
cDNA (Fig. 1b). The cDNA insert of pMIL2-45 consists of 
940 bp, with a stretch of A residues corresponding to the poly(A) 
tail of the mRNA. The cDNA sequence contains a large open 
reading frame which encodes 169 amino acids. Like the human 
IL-2, 20 amino acids at the N-terminal region would constitute 
a signal peptide which is cleaved off during secretion. A 76% 





Table 1 Detection of IL-2 activity in the culture media of COS cells 
transfected by pCM-45 





IL-2 activity 


Transfected DNA (Umi!) 
pCM-45 835 
pCMA-45 <0. 
pCE-1 <0.1 
None <O.1 





Intact pCM- 45, pC Ma- 45 and pCE-1I were transfected into monkey 
COS cells” essentially as described previously'', and 72 h after transfec- 
tion, IL-2 activity was assayed by the procedure described by Gillis etal’. 
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Fig. 1 a, Restriction endonuclease cleavage maps of the murine 
IL-2 cDNA inserts. The rectangle represents the cDNA insert of 
pMIL2-45 and the filled area its protein coding region. The strategy 
of the DNA sequence analysis is presented below the map. Solid 
arrows, determination by the chain termination method”: dashed 
arrows, by the chemical modification method”’. b, Comparison of 
the nucleotide sequences of murine IL-2 and human IL-2 cDNAs 
and of the derived amino acid sequences. The sequence of human 
IL-2 is from Taniguchi et al.''. The sequences were aligned to give 
maximal homology by introducing gaps. Identical amino acids are 
boxed. 

Methods. For the screening of IL-2-specific clones, we first 
monitored the presence of nucleotide sequences which cross- 
hybridize to the cloned human IL-2 cDNA within the mRNA 
isolated from PHA-stimulated LBRM-33 cells'*. Briefly, after frac- 
tionation of the poly(A) RNA (~500 wg) by centrifugation on a 
sucrose gradient, an aliquot of mRNA (~3 ug) from each of the 
15 fractions obtained was used as template to synthesize single- 
stranded cDNA. Each cDNA was then blotted onto a nitrocellulose 
filter and probed with the nick-translated PstI cDNA insert from 
pIL2-50A (ref. 11) by the standard procedure’, except that the 
washing of the filter after hybridization was carried out in 3 x SSC 
at 65 °C. Only one fraction of mRNA, corresponding to 12S, gave 
a positive response by this analysis. Double-stranded cDNA was 
prepared according to the method of Land et al.” by using either 
the 125 RNA (10 ug) or total poly(A) RNA (45 yg). After size- 
fractionation, it was inserted into pBR322 and the resulting hybrid 
plasmids were used to transform Escherichia coli strain HB101 as 
described previously''. For the identification of pMIL2-20, -21 and 
-14, a. cDNA library prepared using the 12S RNA as template was 
screened with the nick-translated human IL-2 cDNA fragment (the 
largest Hinfl fragment'') in the same hybridization conditions as 
described above. For screening clones with longer cDNA inserts, 

a piece of the cDNA from pMIL2-14 ( Powll/Accl fragment) was 
used as probe, and another cDNA library prepared with more 
strictly-sized cDNA (synthesized on the total poly(A)RNA) was 

used; clones containing pMIL2-45 and -58 were identified. 


nucleotide sequence homology was found between the murine 
and human IL-2 cDNA, whereas comparison of the deduced 
amino acid sequence with that of human IL-2 revealed 63% 
homology at the protein level, including the signal peptide, 
without taking into account the regions where gaps were intro- 
duced to maximize the overall homology. 

The most peculiar feature of the murine IL-2 cDNA sequence 
is the tandem repeats of a CAG sequence in the protein coding 
region (nucleotides 150-185) which would produce 12 consecu- 
tive glutamine residues in the IL-2 polypeptide. The repeat 
occurs in other IL-2-specific cDNAs cloned independently (see 
Fig. la) as well as in the first exon of the chromosomal gene 
isolated from another mouse cell line (A. Fuse and T.T., unpub- 
lished results). Hence, it is most likely to be a genuine sequence 
which cannot be attributed to a cloning artefact or to a peculiarity 
of the cell line used here. 

To confirm that the cloned cDNA encodes biologically active 
IL-2, the cDNA insert was excised by PstI cleavage of pMIL2-45 
and linked to a vector, pCE-1 (ref. 11), to demonstrate IL-2 
expression in monkey COS cells (pCM-45)'>. We also modified 
the cDNA, so that the ATG sequence at nucleotides 204-206 
would function as the initiator in the mRNA, by cleaving the 
cDNA insert with Pvull, as this single cleavage site (nucleotides 
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195-200) is located just upstream of the ATG and downstream 
of the CAG repeat (pCMA-45) (Fig. 2). COS cells transfected 
with pCM-45 but not with pCMA-45 secreted active IL-2 
molecules into the culture media (Table 1), and the IL-2 pro- 
duced showed many properties seen in authentic murine IL-2. 
(results not shown). Taken together, these results demonstrate: 
that the stretch of 12 consecutive glutamines in fact constitutes 
a part of the murine IL-2 molecule. The CAG repeats could 
have arisen either by direct insertion of the whole sequence or 
by amplification of a unit sequence. It is interesting that a- 
sequence, CAG-CTA-CAA-CTG-GAG-CAT (nucleotides 138- 
155), is present in the corresponding region of the human IL-2. 
gene. Thus, the CAG repeat in the mouse IL-2 gene may have 
been generated by duplication of a primordial sequence resem- 
bling the human sequence. Another repeated sequence (nucleo- 
tides 114-137) occurs in the upstream region of the CAG repeats 
and the related sequence is present only once in the human. 
counterpart (nucleotides 114-125). 

As deduced from the cDNA sequence, the mature murine 
IL-2 would contain 149 amino acids and its relative molecular ` 
mass (M,) was calculated to be 17,233.5, compared with an 
estimated M, for the native murine IL-2 of 15,500-31,000'°'8, 
As for human IL-2, there is no potential N-glycosylation site’ 
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Fig. 2 Construction of plasmid DNAs for the expression of 
murine IL-2 cDNA. Plasmid pCE-1, which contains the simian 
- virus 40 (SV40) early promoter'', was cleaved at the single PstI 
io site and ligated to the IL-2 cDNA which was excised by Pstl 

< “digestion of pMIL2-45 ta construct pCM-45. To construct pCMA- 
45, the cDNA was excised by Poull and PstI. The Pst] cleavage 
"site was rendered flush by T4 DNA polymerase and then ligated 
“to Pstl-cleaved pCE-1 DNA whose ends were also made flush by 
T4 DNA polymerase treatment. In those plasmids, expression of 
‘the IL-2 structural gene should be under the control of the viral 
promoter. Ori, origin; 8, noncoding region; W, CAG repeats; O, 
coding region; A, SV40 sequence; W, rabbit B-globin gene; and 
am, G:C tails. 


n the murine IL-2 sequence. Three cysteine residues, two of 
which (positions 58 and 105) seem to have a critical role in 
maintaining the human IL-2 molecule in the active conforma- 
ion’?, are conserved also in the mouse IL-2 sequence (positions 
2, 120 and 140). At present, we have no evidence for other 
énes encoding active IL-2 in the mouse genome. Thus, the 
molecular heterogeneity of the native murine IL-2'* may be due 
o the different extent of post-translational modifications of a 
ingle product, as reported for human y-interferon”®. The murine 
L-2 produced by a cloned gene will be useful for the study of 
e biological properties of this lymphokine as well as for the 
‘valuation in mice of the clinical potential of IL-2. 

We thank Dr Y. Gulzman for COS cells, Drs T. Miyata and 
_A. Fuse for valuable comments and Dr H. Sugano for support. 
Note added in proof: W have now learned that two groups have 
obtained mouse IL-2 clones containing essentially the same 
sequence as ours (K. Arai and W. Fiers, personal communica- 
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Proto-oncogenes may be important in the cellular processes central 
for the growth and differentiation of normal cells'*. N-myc is a 
DNA sequence which shares limited homology to the proto- 
oncogene c-myc and has been found to be amplified in both primary 
tissue’ and cell lines from neuroblastoma“, a childhood tumour 
of neuroectodermal origin. Differentiation of this embryonal 
tumour is of clinical importance, since occasional tumours have 
been noted to differentiate in vivo to benign ganglioneuroma*?’™*. 
In vitro, many human neuroblastoma cell lines can be induced to 
differentiate morphologically and biochemically by a variety of 
agents’ '', Retinoic acid (RA), an analogue of vitamin A, has been 
shown to inhibit neuroblastoma cell growth and clonability in soft 
agar, and to induce extensive neurite outgrowth”. Therefore we 
examined the relationship of N-myc expression to the in vitro 
differentiation of these cells. We report here that in the case of 
RA-induced differentiation, a decreased level of expression is 
detected within 6h of treatment and precedes both cell-cycle 
changes and morphological differentiation. 

To study the relationship between N-myc expression and 
neuroblastoma differentiation, log-phase SMS-KCNR neuro- 
blastoma cells’? were incubated in medium containing RA or 
the solvent control, ethanol. At various times after the initiation 
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Fig. 1 Effect of RA on neurite outgrowth. @, RA treated; ©, 


ethanol treated. The inset photographs show SMS-KCNR cells 
after 10 days of treatment with ethanol (a) and with retinoic acid 
(b). SMS-KCNR cells’? were plated in 150-mm tissue culture 
dishes in RPMI 1640 with 15% fetal calf serum and incubated at 
37°C with 5% CO,. After 2 days of incubation, the medium was 
removed and replaced with medium containing | x 10°*M trans- 
retinoic acid (Sigma) dissolved in ethanol at a concentration of 
S$ mM or control medium containing ethanol. For determination 
of neurite outgrowth, the number of cells extending a neurite longer 
than the cell body were counted and expressed as a percentage of 
the total number of cells counted. Each data point represents the 
average of five random fields from each plate of triplicate cultures. 



















ig. A, Graphic representa- 
tion (from densitometer scans 
of autoradiograms) of the rela- 
tive levels of N-myc expression 





with **P-labelled-c-myc DNA. 
B, A graphic presentation of the 
percentage of cells in the 
growth fraction or S+G,+M 
in the ethanol-treated control 
cultures (©) compared with 
those treated with 10x10"°M o 
trans-retinoic acid (®). The 
inset DNA histograms show Hours after treatment 
cell-cycle profiles for SMS-KCNR comparing: a, control cultures (—) and RA treatment at 48h (---); b, control cultures (—) and 
isoleucine-deprived cultures (- ~ ~); ¢, control cultures (——-) and serum-deprived cultures (- - -). a 
Methods. A, 5 x 10° SMS-KCNR cells were plated, cultured and treated as described in Fig. | legend. At various times after treatment, duplicate 
experimental and control plates were collected for cell-cycle analysis and isolation of cytoplasmic RNA. RNA was isolated by lysing the cells 
with 0.5% Nonidet P-40, spinning out the nuclei, extracting the supernatant with phenol followed by chloroform-isoamyl alcohol extraction: 
and ethanol precipitation. Samples of 20 pg of total cytoplasmic RNA from the various time points indicated were denatured in 2.2M 
formaldehyde, 50% formamide, 0.2 M MOPS, 50 mM sodium acetate, | mM EDTA, pH 7.0 for 5 min at 65 °C. The samples were electrophoresed” 
in a 1% agarose-formaldehyde/ MOPS-buffered gel. The RNA species were transferred to nitrocellulose and hybridized with nick-translated:. 
pNb-! DNA specific for N-myc’*, in conditions of high stringency (42 °C, 50% formamide, 10% dextran sulphate) washed at 60 °C in 0.2xSSC, 
0.1% SDS and exposed to X-Omat AR film for 16 h with a Lightening-plus intensifying screen at -70 °C. For detection of c-myc expression, 
the same nitrocellulose blot was rehybridized with nick-translated pSPP DNA containing c-myc'®, washed at 55°C in 0.2 xSSC, 0.1% SDS 
and the autoradiogram was exposed for 7 days as described above. B, For cell-cycle analysis, cells were plated and treated with RA or ethanol 
as described in A. At the appropriate time, cells were collected as previously described® to form a cell suspension. Viability (=85%) was 
determined by haemocytometer using 0.07% Trypan blue and I x 10° cells were stained in 0.05 mg ml™! propidium iodide in 0.1% citrate”? 
+0.05 mg ml”! RNase on ice and analysed using an Ortho cytofluorogrdph as previously described’*. RA-treated and control cells collected” 
_for cell-cycle analysis showed no difference in viability during the first 48 h of culture, excluding the possibility that the N-myc decrease and 
cell-cycle arrest were due to selective cell death (data not shown). A total of 8 x 10° cells were analysed for each data point, and the percentage 
of cells in G,, S and G,+M was determined by modification of a graphical curve fitting method”, calibrated using the polynomial curve 
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fitting software resident on the Ortho 2150 computer”. 


of treatment, the cells were examined for morphological differ- 
entiation as assessed by neurite outgrowth and collected for 
cell-cycle analysis and isolation of cytoplasmic RNA. Neurite 
outgrowth is the hallmark of neuroblastoma in vitro morphologi- 
cal differentiation’. The time course of neurite extension for 
SMS-KCNR cells shows that maximal morphological differenti- 
ation (69.5% of the cells extending measurable neurites) was 
reached 6 days after the start of RA treatment (Fig. 1). There 
was no detectable difference in neurite outgrowth of RA-treated 
cells compared with controls. at 6h and only a small portion of 
the cells had extended neurites by 24h (8.7% in RA treated 
cells; 3.9% in the control). 

N-myc expression was assessed by hybridization of DNA 
from plasmid pNb-i to Northern blots of cytoplasmic RNA 
from RA or contro! cultures (Fig. 2A). A detectable decrease 
in the levels of RNA hybridizing to N-mye was observed in 
RA-treated SMS-KCNR cells by 6h after treatment (Fig. 2A, 
inset a). By 30-48 h after treatment, there was an 85% decrease 
in the level of N-myc expression in RA-treated cultures com- 
pared with control cultures and expression remained at approxi- 
mately this level during the 10-days of our experiment (Fig. 3). 
The decreased N-myc in neuroblastoma cells treated with RA 
is not due to selective loss of amplified N-myc sequences, since 
Southern blot analysis of SMS-KCNR neuroblastoma cells 
treated with RA for 14 days showed no difference in N-myc 
copy number compared with untreated controls (data not 
shown). 

Cell-cycle analyses of parallel cultures of SMS-KCNR 
revealed that the percentage of cells in the growth fraction 
(S+G,+M) was not significantly different until 24h after the 
addition of RA (Fig. 2B). At 48 h, when N-myc expression was 
maximally depressed, cell-cycle arrest was also maximal, with 



























14% of the RA-treated cells in the growth fraction compare: 
with 37% in the control culture (Fig. 2B, inset a). To determin 
if the decrease in N-myc expression could be due to growt 
arrest, we blocked SMS-KCNR cells in the G, phase by eithe: 
serum starvation or isoleucine deprivation. Neither of thes 
treatments induced neurite outgrowth of SMS-KCNR. Incuba- 
tion of cells in serum-free or isoleucine-depleted medium for 4 
days resulted in 18.5% and 12% of the cells in the growt 
fraction, respectively (Fig. 2B, insets c, b). Northern analysis of 
cytoplasmic RNA revealed that there was no decrease in N-my 
expression in serum-starved cells (Fig. 2A, inset a) or isoleucin 
depleted cells (data not shown). These results indicated that th 
decrease in N-myc expression preceded a detectable change in. 
cell cycle and that arresting the cells in G, was not sufficient t 
down-regulate N-myc levels. 

RA-induced differentiation of the human myeloid leukaemi 
cell line HL60 to granulocytes’? and the F9 murine teratocai 
cinoma cell line'* to parietal endoderm is accompanied b 
decreased levels of expression of the proto-oncogene c-myc”! 
Since N-myc shares limited homology with c-myc, we examined 
the expression of c-myc in RA-treated SMS-KCNR cells. The 
Northern blot previously used for detection of N-myc was 
rehybridized with c-myc containing plasmid DNA’ (Fig. 2A). 
The results of this experiment indicate no significant difference 
between the steady-state levels of c-myc in RA-treated and 
control cultures at times when N-myc expression was.dramati- 
cally altered by RA (Fig. 2A, inset b). Thus, the proto-oncogene 
c-myc and N-mye appear to be differentially regulated in RA- 
treated neuroblastoma cells. 

We also studied the steady-state levels of cytoplasmic N-my 
expression in several other neuroblastoma cell lines treated wit! 
a variety of agents known to induce neuroblastoma cells t 








Fig. 3 Analysis of expressions of N-myc levels in cytoplasmic 
> RNA (isolated as described in Fig. 2A) from four neuroblastoma 
cell lines (SK-N-SH, SMS-KCNR, SMS-SAN, LA-N-5) treated 
with solvent control (C) or retinoic acid (RA) and one neuroblas- 
toma cell line (SMS-KAN) treated with either 6um 5- 
bromodeoxyuridine (BrdU) or lmM dibutyryl-cyclicAMP 
` (cAMP). RNA was isolated from cells when they showed maximal 
ș neurite outgrowth except for SK-N-SH which does not extend 
neurites in response to RA but does respond by assuming a more 
epitheliois morphology’: SK-N-SH+ RA, 2 days; SMS-KCNR+ 
RA, 10 days; SMS-SAN+ RA, 7 days; LA-N-5+RA, 13 days; 
SMS-KAN + BrdU, 36 days; SMS-KAN+cyclicAMP, 12 days. 
RNA from a human embryonic fibroblast cell lines (HEC) was 
used as a control. RNA was denatured in 0.44 M formaldehyde 
and 3 xSSC at 60°C for 15 min, chilled on ice and twofold serial 
’ dilutions were adjusted to 20 x SSC and applied to nitrocellulose 
» sheets. Hybridization was performed in 50% formamide, 10% 
dextran sulphate, 5 xSSC at 42°C using the **P-labelled pNb-! 
DNA. Washing was done in 0.2 xSSC and 0.1% SDS at 60°C. 


cquire some morphological and biochemical properties of 
neurones®”''. RNA was extracted from cells when they showed 
maximal morphological differentiation (as assessed by neurite 
outgrowth) and twofold serial dilutions of cytoplasmic RNA 
were immobilized on nitrocellulose and examined with *?P- 
abelled pNb-1 DNA. The results of these RNA dot blots (Fig. 
3). indicate that in all but one of the cell lines examined, an 
approximately 4-16-fold decrease in the level of N-myc 


did not have detectable levels of N-myc before treatment and 
which has been reported not to contain amplified N-myc 


< Studies on the induction of differentiation in several tumour 
lines, including teratocarcinoma’*'’ and myeloid 
leukaemia’*'*, suggest that the genes required for normal growth 
and differentiation are not lost during tumour formation but 
that the regulation of these genes is altered in these tumour 
cells. Our experiments relate the expression of N-myc to in vitro 
morphological differentiation of human neuroblastoma cell lines 
and demonstrate that the level of expression of this amplified 
sequence is decreased in several cell lines induced to differenti- 
ate. This is consistent with previously described differential 
‘xpression of proto-oncogenes during normal growth and 
development’? and suggests N-myc is expressed early in the 
development of neuroectodermal tissue. Our finding that N-myc 
levels decrease in RA-treated neuroblastoma cells before the 
onset of detectable morphological differentiation, yet are not 
depressed in growth-arrested cultures with similar cell-cycle 
profiles is compatible with the hypothesized regulatory activity 
for the N-myc gene product”. 

The presence of intracellular retinoic acid binding proteins 
in neuroblastoma” suggests that the prompt regulation of N-myc 
could be mediated by a direct effect of RA, although other 
mechanisms such as RA-induced increases in cyclic AMP- 
pendent protein kinase activity? cannot be ruled out. Since 
_the levels of RA which induce neuroblastoma differentiation 








are ilar to levels that can be achieved clinically, RA itsel 
may have therapeutic value in this disease. 
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Errata 


Accelerator mass spectrometry radiocarbon 
ages of amino acid extracts from Californian 
palaeoindian skeletons 


J. L. Bada, R. Gillespie, J. A. Gowlett & R. E. M. Hedges 
Nature 312, 442-444 (1984). 

THIS letter was inadvertently printed before all the proof correc- 
tions had been received. The first sentence of the fifth paragraph 
should read ‘The radiocarbon age obtained for the La Jolla 
Shores skeleton agrees with a previously determined 5,000- 
6,000 yr AMS age of this skeleton (T. W. Stafford, personal 
communication), whereas those obtained using the conventional 
radiocarbon method are much younger’.’ Reference 23 should 
refer to the dates for the Sunnyvale skeleton, and the correct 
reference is: Taylor, R. E. et al., Science 220, 1271-1273 (1983). 
The fully corrected version is available in reprinted form. 


South American modern beach sand 
and plate tectonics 


P. E. Potter 

Nature 311, 645-648 (1984). 

IN the title, ‘South American’ was incorrectly replaced by ‘South 
African’. 


Corrigendum 
Iridium in Mississippi River suspended matter and 
Gulf of Mexico sediment 


F. D. Fenner & B. J. Presley 

Nature 312, 260-262 (1984). 

THE value of iridium quoted for geochemical reference standard 
DTS-1as 61 p.p.b. should read 0.67 p.p.b. (Gladney, E. S., Burns, 
C. E. & Roelandts, 1. Geostand. Newsl. 7, 3; 1982). 
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1985. Approximately XVI, 184 pages, 52 figures 
and 21 tables. Hardcover. Approximately DM 110.-/ 
US $ 43.60. ISBN 3-527-26039-0 


Electrophoresis is one of the most important 
methods for the investigation of biological mate- 
rials and probably the most efficient procedure 
for the separation and detection of proteins and 
other charged species. Special methods, which 
can be summarized as gel electrophoresis, 
include polyacrylamide and agarose electropho- 
resis, isotachophoresis and electrofocusing. This 
book presents gel electrophoretic procedures 
which are generally applicable to the identifi- 
cation and isolation of charged molecules. All 
methods have proved reliable and are used in 
daily laboratory work. Also the equipment requir- 
ed for gel electrophoresis is described in detail. 
For items that are not commercially available, the 
reader gets all the information needed to do the 
construction himself. Theoretical aspects are 
covered to the extent that they are indispensible 
for the application of a method. A comprehensive 
index completes the book and makes it a reliable 
reference work. 


Electrophoresis ’84 


edited by V. Neuhoff 


1984. XV, 522 pages with 177 figures and 25 tables. 
Softcover DM 110.-/US $ 48,90. 
ISBN 3-527-26074-9 


This book presents all invited papers and all 
poster abstracts from the fourth meeting of the 
international Electrophoresis Society. It contains 
information about new advances in general, 
about methods and applications of two-dimen- 
sional electrophoresis, and about applications of 
electrophoretic techniques in clinical and genetic 
research. The specialist will find here a wealth of 
information, both theoretical and-practical, that 
either is of immediate relevance to his work or 
stimulates progress by. acquainting him with 
ideas from related areas. 


Ta obtain these books please contact your local bookseller or 
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It is hard to imagine what it would mean to 
research in biochemistry if chromatography were 
not available as an analytical tool. Liquid chroma- 
tography, in all its various modes has become 
particularly indispensable. Above ali, the high per- 
formance version of liquid chromatography 
(HPLC) has brought completely new dimensions 
to the analytical work of this and all other areas of 
chemistry. The features most important for the 
analysis (separation efficiency, speed of analysis 
and lower level of detection) have gained impro- 
vement of at least one order of magnitude over 
the last ten years. The method can now be carried 
out on a microscale, with comparably small 
amounts of sample. 

This book gives an extensive introduction to the 
theoretical and instrumental principles of HPLC 
and a detailed treatment of its application to 
various groups of compounds of biochemical 
interest. The first chapters deal with fundamental 
chromatographic relationships, the column and 
the instrumentation used in HPLC in general. 
Among the compounds considered in the follow- 
ing chapters are not only amino acids or peptides, 
the first compounds to be analysed by HPLC, 
but also lipids, carbohydrates, biogenic amines, 
porphyrins, steroid hormones, vitamins and 
organic acids in humans. 

Two lists of symbols and abbreviations facilitate 
the correct interpretation of the data provided 
and the detailed subject index guarantees a fast 
and reliable access to the wealth of information 
for every biochemist, the beginner and the expe- 
rienced analyst. 
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HITLeER’S “Final Solution” of the Jewish 
Problem ‘‘solved’’ nothing. Rather, it 
raised new and bewildering problems for 
historians, philosophers and moralists. 
How could this vast operation of highly 
organized mass murder, which was not 
confined to Jews, come about? How could 
a civilized nation, in the twentieth century, 
not only permit it but actually co- 
operate in it? For by now all the 
old excuses and explanations 
have worn thin. That the German 
people did not know what was 
being done, that they had no 
responsibility for it, that it was 
the work of a criminal party 
which had usurped political 
power and set up a dictatorship 
— all this is now recognized to be 
amyth. The German people, or at 
least the German establishment, 
not only knew and tolerated what 
was being done — provided it was 
< done out of their sight and 
hearing — but had prepared the 
ground and provided the means 
for it. It is chastening, and 
disturbing, to reflect how the 
matter would now stand if Hitler 
had won his war. How much 
would we then know about the 
fate of the Jews, the gypsies and 
the other ‘‘inferior’’ peoples who 
had disappeared? How much 
further would the process have gone? How 
curious, or contrite, would the German 
people be? Would a new generation be 
reconciled to a victory on such terms? 

At least we now know the factual 
history. The machinery was first set up to 
serve the “Euthanasia” programme for the 
extermination of the mentally ill. It was 
transferred to the East after the invasion of 
Russia, then ‘‘improved’’ to cope with 
millions of victims, who now included 
Slavs and gypsies. It continued to operate 
throughout the war, even when the 
German armies were everywhere in retreat. 
The industry of destruction seemed, at 
times, to take precedence over the 
necessities of war. But to establish the facts 
is not to explain. At the highest level of 
command we can assume a fanatical racial 
ideology. Hitler and Himmler had con- 
vinced themselves and their followers that 
the destruction of the Jews was a necessary 





“Deadly Science: The Elimination of Jews, 
Gypsies and the Mentally Il, 1933-1945. 








act of disinfection: the extermination of 
biological parasites who would otherwise 
destroy the ‘‘superior’’ German race. But 
what of the technological élite who 
organized the chemistry and lubricated the 
process of destruction: the white-coated 
doctors, who selected the candidates for 
the gas-chamber, who experimented on the 
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Selection at Auschwitz. The man on the left is supposedly Mengele. 


victims while they were still alive, and who 
dissected their bodies and sent their pickled 
organs for “‘research’’ in their institutes 
when they were dead? The worst of these — 
those who actually participated in the 
murder — did not escape retribution, 
although Dr Mengele still lives comfortably 
in Chile; but others, who merely used or 
blessed their labours, returned to their 
laboratories and lecture rooms and con- 
tinued their studies and their teaching, asif 
innocent of any complicity. By what 
historical or psychological process, we ask, 
did these educated men, who professed a 
humane science, become essential agents in 
the most grisly actions of a now universally 
dishonoured regime? 

The experts concerned were mainly 
geneticists, who accepted perversions of 
Darwinism; anthropologists, who believed 
in the irremediable and inherited infer- 
iority of certain races; and psychiatrists, 
who believed in the inheritance of mental 
illness. Professor Miiller-Hill, a geneticist 
at the University of Cologne, has been 











exercised by the problem of the complicity 
of these men and has made a careful study 
of their work and personality. He has 
examined the documents, and has inter- 
viewed survivors and the families or assist- 
ants of those who have not survived. Many 
documents have been deliberately 
destroyed, and many of those whom- be. 
interviewed refused to allow the record of 
the interview to be published. The secon- 
dary sources on the subject are —no doubt 
for these reasons — very thin; and Profes- 
sor Miiller-Hill insists that much work still 
remains to be done. Nevertheless, he has 
built up a detailed history in order to show 
how, in Nazi Germany, the academic study 
and practice of anthropology and 
psychiatry “‘revealed itself, step by step, as 
mass-murder of nonconformists’’. 

The central establishment in the story is 
the Kaiser-Wilhelm Institute in 
Berlin, and in particular ‘its 
separate institutes. for 
anthropology and psychiatry. 
This body was ‘‘the spear-head of 
scholarly advance” but already, 
by 1933, it had committed itself 
to racial doctrines. As the head of 
the Institute of Psychology, 
Professor Eugen Fischer, said to 
the new Reichsarztftihrer Dr. 
Conti, ‘‘our eugenic movement 
= has been going far longer than 
(~ the Nazi Party. So the new order 
was easily accepted. Within three: 
months of Hitler’s accession to: 
power, the Institute obediently: 
= began the purge of its Jewish 
€ members. Thereafter it was plain’ 
£ sailing. First came the 
2 sterilization of the unfit. Here it 
in was the psychiatrists who took. 
Zthe lead. Already the basic 
š principles were laid down. 

Mental illness was incurable and 

hereditary. Science had proved 
that. Therefore the victims had 
no rights; the doctors (with a judge): 
decided their fate. This work went on unti 
the attack on Poland. Some 350,000-" 
400,000 sterilizations had by then been. 
carried out; but now the doctors were 
wanted for the war, ‘‘and also to kill those. 
who previously would have been 
sterilized”. 

Throughout the war, the grandees of the 
Kaiser-Wilhelm Institute co-operated 
whole-heartedly with the Nazi Party. 
They organized crash-courses for 
SS doctors. They also received funds from 
SS sources for their research. Here too 
psychiatrists took the lead. ‘‘Neurotic’’ 
soldiers, they recalled, had thrown down 
their arms in 1918. That must not happen 
again. So soliders who faltered at the front 
were stiffened by electric-shock treatment 
— ‘torture by electricity’? which they. 
would not wish to incur a second time. (If 
they resisted the treatment, they were 
judged ‘‘mentally ill’ and in need of more 
of the same.) Meanwhile, at home, the- 
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thanasia law was in force. The mentally 
uld now be killed quietly. The victims 
ere selected by the doctors and sent to 
‘special killing-stations, to be gassed. The 
Jews among them were sent to the new 
extermination camp at Chelmno in 
Poland. ‘‘The affair, which began in the 
greatest secrecy, was soon known to the 
whole German people.” Lawyers, offic- 
ials, clergy protested; but, says Professor 
Miiller-Hill, “among all the letters, I have 
not seen one from a psychiatrist”. 

The ‘‘Euthanasia Action’’ was stopped 
in October 1941 and its machinery was 
turned against the Jews. That machinery 
included its minders, the psychiatrists. The 
doctors of the Kaiser-Wilhelm Institute can 

hardly have been surprised. Six months 
before, their leaders, Professors Fischer 
and Ginther, had been guests of honour at 
a conference called by Alfred Rosenberg, 
“Hitler’s ideologist, on ‘‘The Total Solution 
of the Jewish Problem’’. The nature of the 
“solution proposed had then been clear. But 
it was not only Jews who were now to be 
exterminated. Slavs also were genetically 
““nferior’’, so Russian prisoners-of-war 
were condemned to death by starvation or 
over-work. Professor Abel, of the 
Anthropological Institute, favoured 
“extermination of the Russian people’, 
which however was thought impracticable. 
So was a plan — ‘‘historically justifiable on 
-biological grounds” — to exterminate 15 
million Poles. The gypsies, however, being 
“fewer, were easier to deal with. They too 
had been scientifically studied. Dr Ritter, 
of the Racial Hygiene Research Depart- 
ment of the Reich Health Office, was in the 
process of preparing a special report on 
them. 
In 1941 the gypsies had been included in 
-the ‘‘Final Solution’’, and those of Russia 
< and the Balkans were massacred in situ. 
: Those of Germany had been deported to 
Poland in 1939. How were they now to be 
-disposed of? A plan to drown them all in a 
: ship in the Mediterranean was dropped for 
“practical reasons. It was then decided to let 
‘them freeze to death. But Dr Ritter 
-protested that he had not quite completed 
his research on them, which secured them 
another year of life. They then ended in the 
gas-chambers of Auschwitz. Those from 
East Prussia, who came separately, were 
pushed straight in on arrival by the 
considerate Dr Mengele, who was on the 
Spot. He was afraid of an epidemic unless 
“they were disposed of quickly. The extra 
year of life had not been useless to research: 
it had enabled Dr Ritter to confirm the 
assumptions from which he had set out. As 
Professor Fischer put it, ‘‘it is a rare and 
special good fortune for a theoretical 
‘science to flourish at a time when the 
reigning ideology welcomes it, and its 
findings can serve the policy of the state’’; 
and Dr Ritter’s conclusions about the 
gypsies could now provide a model for the 
treatment of other groups. 

Professor Fischer had meanwhile retired 
` from the Kaiser-Wilhelm Institute, but his 

















































































successor, 











Professor von 
Verschuer of Frankfurt, carried 
on the good work and, thanks to 
his assistant Dr Mengele, 
exploited ‘‘the gigantic 
opportunities” of Auschwitz. Dr 
Mengele supplied the Institute 
with ‘‘rare and valuable | 
material? — human organs, 
pickled in spirits and sent by 
express post as “‘urgent war | 
material’’. He also carried out 
projects of his own. Standing on 
the ramp at Auschwitz, he picked | 
out twins, giants and dwarves and 
after experimenting on them 
alive, had them killed and 
dissected for further research. 
Other departments of the 
Institute also made use of the 
same opportunities. The 
Psychiatric Institute and the 
Brain Institute snapped up skulls 
as fast as they could be delivered. 
As the head of the Brain Institute, 
Professor Hallervorden, would 
explain afterwards to his American 
interrogator: 






I heard that they were going to do this, so I went 
and said to them, ‘Look here, folks, if you’re 
going to kill all these people, at least take out the 
brains so that the stuff can be used’. They asked 
me, ‘how many can you manage?’, and I said, 
any number, ‘the more the better’. I gave them 
fixing material, jars and boxes, and they turned 
up with them like a removal-firm with a 
furniture-van. 


Unfortunately there could be hitches, as 
Professor Schneider at Heidelberg 
lamented: only half of the children’s brains 
arrived in usable condition: ‘“‘that is a 
pity’’, he wrote philosophically to his old 
colleague in the Euthanasia programme, 
Professor Nitzsche, ‘“‘but it can’t be 
helped’’. 

At the end of his book, Professor 
Miiller-Hill quotes a conversation between 
Dr Mengele and his Jewish ‘‘slave- 
assistant’? at Auschwitz, Dr Nyiszli. 
“When will all this extermination stop?” 
asked the unfortunate prisoner. ‘‘My 
friend’’, answered his master, “‘it will go 
on, and on, and on’’. In fact it was stopped 
by the defeat of Germany; it is the 
questions that go on, and on. Professor 
Miiller-Hill sums them up as ‘‘nine 
questions’’, which he does not presume to 
answer with confidence. He also gives — 
where it has been allowed — the text of his 
interviews. The fundamental question is, 
why did this happen only in Germany? Can 
it happen elsewhere? And the fundamental 
problem raised by the interviews lies in the 
fact that none of those professors who had 
participated — at a safe distance — in the 
grisly business, seems to have had any sense 
of personal responsibility for it. 

Locked in their complacent, insular 
“‘objectivity’’, these men simply could not 
see that they could be accused of anything 
“unprofessional”. And as they would not 
condemn themselves, so they would not 
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condemn each other, ‘‘I have asked all his 
surviving pupils whether Professor Fischer 
was an anti-semite’’ writes Professor 
Miiller-Hill. “ ‘No’, they all replied, 
without exception: ‘whatever else, he was 
not that’. And he was one of the Presidents 
of the Anti-Jewish Congress in Cracow!’’. 
“How much Dr Mengele knew of the 
cruelty and murders in Auschwitz’’, wrote 
a committee of his fellow professors in 
1949, does not emerge from the 
documents. ‘‘Let us say nothing of that: it 
all lies behind us’’, Fischer’s successor 
Professor von Verschuer wrote calmly to a 
foreign scholar in 1946; and his own 
colleagues at least were prepared to agree: 
they would not be so ‘‘pharisaical’’, they 
said, as to judge a man who had all the 
qualities of an ideal researcher and teacher 
of youth. These men were a guild: ‘“‘their 
colleagues were closer to them than their 
patients’’. 

They also believed that they were 
“objective”. They did not pervert their 
judgement by any ideological or moral 
prejudices. They were not Nazis. Professor 
Miiller-Hill allows that ‘‘all of them — I 
exclude none — had mental areas which 
were not soiled by Nazism’’, “‘islands of 
rationality in a foaming sea of unreason’’. 
But if they were not Nazis, perhaps that 
was only because their prejudices, which 
they thought were pure science, preceded 
the Nazism which they willingly served. 
That, of course, only pushes the problem 
further back. Its solution must be sought 
not in the public history of Nazism but in 
the dark, still only half explored mental 
pre-history of that sinister movement. [2 





Hugh Trevor-Roper (Lord Dacre of Glanton) is 
Master of Peterhouse, Cambridge. He is a 
historian and author or editor of a number of 
books, among them The Goebbels Diaries, Final 
Entries 1945 (1978) and The Last Days of Hitler 
(6th Edn, 1982). 
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THE title of this book is somewhat 
misleading. Dr di Gregorio has indeed read 
Huxley’s scientific papers, but, almost 
without exception, with no insight into 
their scientific content, the materials 
Huxley had to work with or the actual 
methods of a practising scientist. There are 
many doubtful statements on scientific 
matters (as well as a number of bad mis- 
spellings of scientific names) — 
Macrauchenia is not a camelid, a 
phylogeny of the Podophthalmia is not of 
the Crustacea (a far larger group), the 
“ordo Placoids”’ is a solecism and Haeckel 
was well aware of exceptions to recapitu- 
lation, to name only a few. It is incredible 
that (p. 97) ‘‘the evolution of groups above 
the level of species” can be described 
without qualification as ‘‘a kind of evo- 
lution which is still somewhat contro- 
versial’’, and even more so that this latter 
statement can be supported by a reference 
to William Paley’s Natural Theology 
(1802). 

What Dr di Gregorio is mainly con- 
cerned with is to extract from Huxley’s 
scientific writings an analysis of his phil- 
osophy of science, and the psychological 
peculiarities that gave him his immense 
drive and success. Unfortunately part at 
least of Dr di Gregorio’s conclusions 
depend on misreadings of nineteenth- 
century English prose, both scientific and 
informal. He believes that Huxley ‘‘over- 
read” Darwin’s analogy of artificial and 
natural selection into a belief that they were 
“essentially identical” in action. A look at 
the use of analogy in the nineteenth century 
(and previously} would correct this 
impression. Even the. eccentric William 
Swainson understood the difference be- 
tween a superficial (or poetical) analogy 
and a real scientific one (see, for example, 
Chapter 6 of his Preliminary Discourse on 
Natural History of 1834). 

Similarly a letter from Darwin to Huxley 
is exaggerated into a quarrel between them, 
and (with others) into a fundamental dif- 
ference in their philosophies of science, 
Huxley requiring theory to be verified 
absolutely by direct experiment, Darwin 





New in paperback 

@ Alan Turing: The Enigma of Intelligence by 
Andrew Hodges. Publisher is Unwin Paper- 
backs (Counterpoint imprint), price is £5.95. 
For review see Nature 307, 663 (1984). 

© Charles Babbage: Pioneer of the Computer 
by Anthony Hyman. Publisher is Oxford 
University Press, price is £4.95. For review see 
Nature 300, 114 (1982). 





looking only to its powers of explanation. 








The real issue here is that Darwin (a good 
experimentalist) believed like most people 
that evolution was so slow that an 
experiment to produce a new species would 
take far too long; Huxley, presumably 
influenced by the advances in livestock 
breeding of the previous half-century, 
thought it must be successfully carried out 
before evolution could be more than the 
best hypothesis so far. Dr di Gregorio 
quotes (p. 62) from a letter to Hooker, 
Darwin’s statement that ‘‘the change of 
species cannot be directly proved” but 
exalts it into a major difference in 
philosophy instead of a practical difficulty. 

Not realizing the practical value of 
Huxley’s use of the type concept, Dr di 
Gregorio accuses him of employing ameta- 
physical term without a proper system of 
philosophy, and again mystifies the situ- 
ation because he has no experience of its 
employment empirically both in grasping 
the diversity within a group and in teaching 
it. Viewing Huxley primarily as a careerist 
driven by a sense of insecurity, he some- 
times praises him for his fairness and grasp 
of the subject. More often he seems to 
regard him as a fool, a crafty opportunist 
and a mere power-seeker. The best thing 
that this book can do is to stimulate people 
to read Huxley and judge for themselves. O 





A.J. Cain is Derby Professor of Zoology at the 
University of Liverpool. 
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Ir mathematics is the tool-chest of the 
theoretical physicist, then group theory is 
the instrument which opens up an 
understanding of symmetries. Of course, 
group theory is only algebra, but it would 
be foolish today to argue that one should 
carry out the algebraic steps without 
recognizing the group-theoretical structure 
of those processes. 

Although group theory plays a role in 
classical physics, it is in the realm of 
quantum physics that it dominates. In 
some concrete applications, vibrations for 
example, group theory can be seen as a neat 
way of understanding results that would 
emerge, in any case, from numerical 
calculations. However, in more abstract 
fields such as elementary particle physics, 
where the new concepts of strangeness, 
charm and colour, and even the particles 
(quarks) themselves are quite beyond 
human experience, symmetry often 
provides the foundation of the theory. 
Group theory can also be seen as a unifying 
element enabling us to recognize, as 
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arguments, certain features “such 
degeneracies and selection rules whi 
occur in diverse physical systems. 

It is appropriate therefore that the 
seventh title in the Techniques of Physi 
series should be Group Theory in Physics, 
Many books have been written on this topic 
since the 1920s but, even in 900 pages, an 
author faces some difficult decisions. First. 
should he concentrate on just one brani 
of physics, to allow space to describe bo 
the physics and the group theory, or should 
he stress the wide range of application. 
group theory by describing many fields 
with only a brief account of the relevant 
physics? Secondly, what balance show 
be struck between readability and 
mathematical rigour? And finally, f 
whom is the book to be intended?) = > 

On the first question, J.F. Cornw 
chooses to cover several fields and the 9 
pages in two volumes are allocated rough 
as follows: molecular and’ solid-sta 
physics (100), elementary: particle physi 
(90), Schrédinger equation (30), Loren 
groups (50), general group theory (100), 
Lie groups and algebras (300) an 
appendices. (200). Atomic and nuclear 
structure problems get little or no mention 
On the second question, the books 
emphasize mathematical rigour more th; 
most of their competitors making it rath 
difficult for a reader meeting these topi 
for the first time. For example, molecul: 
vibrations are discussed through 
succession of eight theorems with proo: 
and generally the style is that of 
mathematics rather than a physi 
textbook. The third question is né 
answered in the preface, but the princip: 
target must be postgraduate students 
getting to grips with theory in solid-state or 
elementary particle physics. ; 

The strength of these books lies in the 
extensive account of Lie groups and the 
relation. to Lie algebras, here done’ mo 








was surprised to find the symmetric.group 
of permutations discussed, not in its own 
right, but as part of the study of the unitary 
groups. Also, having seen a mention of 
super-algebras in the preface, I was 
disappointed to find no further discussion 
of this comparatively new development 
except for an ‘‘aside’’ on one other page. 

Technically, the two volumes are nicely 
produced and even the most elaborate 
equation is easy to read, though cros: 
reference by chapter and section is difficu 
because only the page number is carried at 
the top of each page. So one has to refer t 
the contents every time. Special prais 
however, for the proof-reading. The 
must be misprints in a work of this lengt 
but I didn’t find any! 








J.P. Elliott is Professor of Theoretical Physi 
at the University of Sussex. 
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THE ascription of consciousness to other 
ings surely depends on their similarity to 
ourselves, and in particular on how far 
eir activities resemble those of our own 
t are consciously conducted. The rele- 
ant similarities are, however, not merely 
ose of behaviour. Most people would be 
reluctant to think of a robot as conscious 
no matter how purposeful its activities, so 
ng as its body was made from metal plates 
id its brain and nervous system from 
tronic components. Indeed, when it 
mes to consciousness, it is doubtful 
hether there can be any substitute for 
h and blood. For these reasons, most 
eople would have no hesitation in 
nking of ‘other primates as conscious 
id would probably extend the attribute to 
any: other mammals. There is no clear 
int in the animal kingdom where it is 
ossible to be sure that consciousness 
ops, though paramecia and even ants are 
different from ourselves that if they have 
me form of consciousness one feels it is 
ly to be very different from our own 
th in degree and in kind. It is of course 
qually difficult to decide at what point the 
rowing fetus develops consciousness: to 
dge from a baby’s undifferentiated 
haviour, it may be many months after 
irth before it achieves the sort of 


In Animal Thinking, a coda to his pre- 
ous book The Question of Animal 
wareness (second edition, 1981), Donald 
riffin suggests that virtually all animals 
ith a nervous system are conscious. He 
loes not define consciousness since, as he 
ightly observes, such definitions are cir- 
ar involving the use of terms like 
itention, idea, notion, awareness and so 
n. In trying to decide how far down the 
mal kingdom consciousness extends, he 
pears to use three criteria. 
‘The first and most compelling is that an 
nimal should exhibit ‘‘versatile adapt- 
of behaviour to changing circum- 
es. and challenges’. The most 
oyable and instructive parts of the book 
are those in which Griffin demonstrates the 
istence of this kind of behaviour by des- 
ribing such activities as plovers drawing a 
redator.away from their nests, ant-lions 
ing pits for prey and throwing sand at 
hem, the construction of “house” cases 
+ the larvae of caddis flies, and the 
ecently learned ability of dolphins to 
scape from the nets used in tuna fishing. 
the argument that such activities as the 
lance of the honey bee are largely genetic- 










, ally determined, he replies. rather weakly 





that even so they may involve an element of 
consciousness. 

The word ‘‘may’’ occurs repeatedly 
throughout the book, particularly in 
connection with Griffin’s second argu- 
ment, which is that whenever an animal 
performs a complex activity, it might be 
useful for it to be conscious of what it is 
doing. In fact, this is less an argument than 
an assertion. As far as we know, there is no 
behaviour, no matter how complex, that 
could not be exhibited by an organism or by 
a computer without consciousness, and 
many of the unconscious calculations 
made in perception or in controlling motor 
activity appear to be as complex as the 
thinking of an Einstein. 

Griffin draws his third argument from 
Nicholas Humphrey, who has suggested 
that to deal with their co-specifics social 
animals must empathize with one another. 
But again, empathy is simply using a model 
of oneself appropriately modified to fit 
someone else’s circumstances in order to 
predict his goals, needs and behaviour. 


There is no obvious reason why such a 
model should be of use only if it appears in 
conscious awareness. 

Griffin repeatedly urges that further 
research should be undertaken on animal 
consciousness, but he gives no indication 
of how to go about it. He also believes that 
only by understanding the consciousness of 
animals will it be possible to explain their 
behaviour. He forgets, however, that 
explanations in terms of consciousness are 
not rigorous since they rely on our manip- 
ulating a model of ourselves. To offer 
rigorous explanations it is necessary to 
specify the processes that underlie both a 
given sequence of thoughts and the 
organism’s behaviour. It is worth asking 
whether the knowledge that a given species 
was conscious would really make any dif- 
ference to how its behaviour is to be 
explained. The question is more difficult to 
answer than Griffin allows. o 





Stuart Sutherland is Director of the Centre for 
Research on Perception and Cognition at the 
University of Sussex. 
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Ir is difficult to over-estimate the con- 
tribution made by spectroscopic methods 
to the advancement of modern physics and 
chemistry during the past one hundred 
years. Electrophoresis and ultracentri- 
fugation, the topics covered in Lev. A 
Osterman’s two-volume work, are two of 
the most important methods of molecular 
separation and analysis, and are today 
playing analogous roles in the development 
of molecular biology and biophysics. 

Just as the essence of spectroscopy is the 
separation of photons according to their 
energies, the essence of the molecular tech- 
niques is to distinguish between molecules 
according to their physical and chemical 
characteristics. The results obtained from 
the two sets of methods are also similar — 
onea set of bands on a photographic plate, 
representing molecular species, the other a 
series of peaks on recording paper showing 
the intensity of electromagnetic waves. In 
both cases the resolving power is a crucial 
factor in determining the quality of the 
result. 

A further aspect of methods of mole- 
cular separation is their multidimensional 
nature. Any one of a variety of parameters 
influencing the migration velocity of mole- 
cules in the separation medium may be used 
— size, amount and sign of the electric 


charge, buoyant density, affinity to a 
specific ligand. Therefore, a proper select- 
ion of the dimension of separation, as well 
as the search for new parameters to 
distinguish hitherto inseparable molecular 
species, are matters of much interest to 
those working on biological macro- 
molecules. 

Osterman’s manual of research method- 
ology gives exhaustive descriptions of 
electrophoresis, isoelectric focusing and 
ultracentrifugation (Vol. 1), and immuno- 
electrophoresis and the application of 
radioisotopes (Vol. 2). The two books 
should be extremely useful even to novice 
researchers; thorough and systematic 
description of the techniques and plentiful 
illustrations should enable both graduate 
students and more experienced researchers 
to perform high-resolution experiments 
with the most suitable dimensions of 
separation. The coverage of the techniques 
and the references are comprehensive and 
current to the end of 1982. 

The books should also help in the choice 
of the most suitable combination of the 
various separation techniques to obtain 
results which could not be obtained with 
one alone, for example two-dimensional 
display by O’Farrell’s method. The quality 
of the results emerging from such experi- 
ments ultimately depends on the individual 
scientist’s skill and training, but these two 
volumes provide an excellent starting 
point. 

I have one plea. Various types of chro- 
matography are equally important to 
macromolecular fractionation. In a future 
edition Dr Osterman might consider 
including them to make his manual even 
more complete and valuable. G 


Akiyoshi Wada is Professor of Biophysics at the 
University of Tokyo. 
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RECOMBINATION AT THE DNA LEVEL 


-The principle of genetic linkage in Mendelian inheritance was established by TH Morgan in 1911. That genetic recombination occurs 
. by chrornosomal crossing-over events was first shown in two independent studies, both published in 1931 —one by H.S. Creighton and B: 
McClintock working with maize and the other by C. Stern working with Drosophila. Since that time a small, elite group of geneticists 
have thought about and experimentally analyzed genetic recombination with such profound consequences that introductory» 
genetics was, and still is, learned by studying chromosome recombination. 








More recently. R. Holliday’s conceptual framework explaining genetic recombination in molecular terms and the advent of recombi- 
nant DNA technology have made it possible to investigate genetic recombination in molecular detail. The 94 papers presented at the: 
49th annual Symposium—Recombination at the DNA Level— investigate the biochemical and the genetic aspects of recombination: 
in a framework that includes synapsis, types of DNA transactions, initiation, and resolution, é 







Biochemical parameters of several proteins and the substrates required for recombination are discussed. Experimental strategiés fora’ 
wide variety of systems, ranging from bacteriophage to mammalian cells and including developmentally regulated systems such as: 
yeast mating-type switching, are discussed, and the future research prospects for this primary genetic mechanism are explored. 
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Peter J. Bowler 
Darwinian Evolution. 


By Antony Flew. 
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THE prospectus for Paladin’s Movements 
and Ideas series openly challenges 
Fontana’s Modern Masters and Oxford 
University Press’s Past Masters, arguing 
that. major intellectual movements cannot 
adequately be described through the 
medium of biography. Antony Flew’s 
Darwinian Evolution, one of the early 
volumes in the series, is thus meant to 
supplant the accounts of Darwin’s work by 
Wilma George (Fontana) and Jonathan 
Howard (Oxford).* The three books havea 
similar format — all are slim paperbacks 
with peculiar covers — but their purposes 
are indeed rather different. Of the two 
earlier accounts, George’s is more 
sympathetic to the cultural environment in 
which Darwinism developed, and makes an 
effort to relate the theory to wider debates. 
Flew’s real interest is the latter area. He 
summarizes Darwin’s career and the 
argument of the Origin of Species, but the 
substance of the book is its analysis of the 
philosophical and ideological issues. 

It is perhaps inevitable that so brief a 
study should concentrate on the areas with 
which the author is most familiar, but some 
readers may find the choice of topics unbal- 
anced. Flew’s purpose is to uncover the 
logical core of Darwinism and then show 
how that core fails to support many of the 
ideological systems that have used it as a 
foundation. He explores the logical 
structure of the theory of natural selection, 
and refutes at length the claim that the 
theory rests on a tautology. In the process, 
the cladists at the Natural History Museum 
are dismissed as Aristotelians. But we are 
told virtually nothing about taxonomy, 
biogeography, speciation and other topics 
of primary importance to Darwin and all 
later Darwinians. The structure of the 
theory is obviously important, but I doubt 
that a newcomer to the field can be given an 
adequate impression of what scientific 
Darwinism is all about by concentrating so 
narrowly on this topic. 

On the ideological front, Flew discusses 
the influence of Malthus and Adam Smith 
at some length. He defends Malthus 
against the criticisms of Marx and other 
social reformers by stressing the deductive 
character of the principle of population. 
Curiously, the movement to defend laissez- 
faire capitalism as an extension of 
Darwinian principles is passed over in a 
couple of pages, and Herbert Spencer 
receives scarcely a mention. Flew’s energy 
is conserved for an assault on the Marxists, 
whose links with Darwinism are system- 
atically demolished. His arguments are 





* Reviewed together in Nature 296, 510 (1982). 
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valid, but the section degenerates into a 
wholesale critique of Marxism which seems 
out of place in a book supposedly devoted 
to Darwinism. Flew also attacks Desmond 
Morris and those who would reduce human 
beings to animals, but defends 
sociobiology against intolerant radicals by 
pointing out that it is not meant to explain 
all human behaviour. 

Flew’s efforts to expose the weak links in 
the ideological connections are stimulating 
contributions to a number of debates, but 
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Michael F. Claridge 
Insect Ecology, 2nd Edn. 


By Peter W. Price. 
Wiley: 1984. Pp. 607. $47.50, £37.50. 











THE second edition of Peter Price’s Insect 
Ecology, the first of which was published in 
1975, is far more than an up-dated and 
corrected reprint. Undoubtedly the most 
significant feature of the first edition was 
the stress placed upon the evolutionary 
aspects of the subject. This emphasis is 
retained, but thorough revision has pro- 
duced a more balanced text. The book 
deals with the fundamental problems of 
ecology as exemplified by terrestrial eco- 
systems. Such ecosystems are mostly 
dominated numerically by green plants and 
insects, but while the author is thus able to 
consider all of the major aspects of 
terrestrial ecology by reference to these 
organisms, he frequently uses examples 
from other taxa and habitat types when 
they are relevant to his main theme. 

The introductory chapters provide a 
brief but excellent account of the principal 
components and the functioning of eco- 
systems. A new chapter is included on the 
very important ecological consequences 
resulting from the relatively small sizes of 
insects. Most of the remainder of the book 
consists of chapters under three general 
headings — ‘‘Trophic Relationships’, 
“Populations?” and ‘‘Communities and 
Distributions’? — which develop in a more 
logical and satisfying manner than in the 
first edition. There are useful accounts of 
insect-plant, predator-prey and parasite- 
host interactions, while elsewhere Price 
argues persuasively for the importance of 
mutualistic interactions which he justi- 
fiably claims have been sadly neglected 
until recently by ecologists. He also 
provides a stimulating and thought- 
provoking discussion of the possible 
evolutionary consequences of different 
types of interspecific interactions. 

The chapters concerned with population 
processes have been extended, and in them- 
selves constitute a helpful text for students. 
The final section, on community ecology, 
includes lucid accounts of some current 
areas of ecological controversy, such as the 
role of competition in the structuring of 













in a series entitled Movements and I 
one might have expected a more histo: 
approach. The various forms of socia 
Darwinism may be perversions of ‘the 
scientific theory, but we need to know why 
so many political movements have tried to 
link themselves with Darwin’s name. O 


































Peter J. Bowler is a Lecturer in History and 
Philosophy of Science at the Queen's Universi 
of Belfast. He is the author of Evolution: th 
History of an Idea (1984). 


communities and the relationships between 
diversity and stability. E 
For this new edition the original materi: 
has obviously been reworked in detail. | 
most areas this has led to a clearer ani 
better book. For example, a whole chapte 
was previously devoted to “‘species pac} 
ing’’; now the term does not even appear i 
the index, and the phenomena are deal 
with more objectively under the nichear 
related concepts. Rightly'so — ecolog 
does not need redundant terminology! 
The book is well written, as before, an 
is illustrated with many new and beautifi 
line drawings. In its new, improved form 
Insect Ecology will continue to be the plac 
to start for advanced students of th 
subject. 


Michael F. Claridge is Professor of Entomolog 
in the Department of Zoology at Universit 
College, Cardiff. 
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THAT doctors (neurologists and 
‘psychiatrists in particular) should write 
fiction of compelling interest does not 
-strike one as particularly surprising. Their 
‘working lives as secular priests allow them 
to poke around in corners of the body and 
soul that we usually try to keep well hidden 
from even our most intimate friends, and 
the “raw material” thus uncovered has 
supplied themes aplenty for such doctor- 
writers as Arthur Schnitzler, Ernst Weiss, 
‘Anton Chekhov, Géza Csáth and Alfred 
Döblin. Furthermore, the well-constructed 
case-report that young doctors are trained 
“to present on ward-rounds (‘‘On exam- 
ination, . . .’’) is itself a literary form of 
considerable power. Whatever one may 
hink of them as ‘‘science’’, Sigmund 
Freud’s early papers have the shape and 
legance of superbly crafted short-stories. 
And Freud indeed once wrote to Schnit- 
-gler, a master of the short-story form, that 
he had always avoided him for fear of 
meeting his Doppelgänger. 
© That training as an experimental psycho- 
» logist could yield a comparable input to the 
‘creative imagination sounds, at first blush, 
simply ridiculous. The discipline prides 
“itself on providing ‘‘shallow’’ inter- 
“pretations of ‘‘objective’’ behaviour 
elicited under carefully controlled condit- 
‘ions and subjected to rigorous method- 
ological and statistical scrutiny. What 
could possibly be further from the lush 
< profligacy of both fictional and ‘‘real’’ 
life? Yet it is exactly such a background, 
combined with the hard sciences and engin- 
-eering, that provided the motive forces 
behind the only truly “‘modern’’ novel 
“written in the twentieth century: Robert 
Musil’s ironic dissection of the Austro- 
< Hungarian Empire as it floated towards 
destruction in the First World War — The 
-Man without Qualities. Many of us who 
misspent our youth reading Musil when we 
should have beeen studying for exam- 
inations will welcome Hannah Hickman’s 
summary of Musil’s life and work, and her 
analysis of the influences and experiences 
-that made him the outstanding chronicler 
of the culture of Vienna in the Gay 
‘Apocalypse. 
Robert Musil (1880-1942) spent his 
‘childhood and adolescence in Austrian 
: military academies until in 1898, at odds 
© with the intellectual and cultural values of 
army officers, he entered his father’s de- 
< partment at the Technical University in 
Brno, Moravia, to train as a mechanical 
--engineer. After a brief period as an assist- 
tant at the Technical University in Stuttgart, 


` dissatisfaction with engineering as a philo- 








sophy of life provoked Musil to re-enroll as 
a student, this time at the University of 
Berlin. There he read logic, mathematics, 
physics and experimental psychology. 
Musil’s professor was Carl Stumpf who 
had made important contributions to the 
study of auditory perception and to the 
psychology of music: Stumpf was also 
instrumental in unmasking ‘‘Clever 
Hans”, the mathematical horse. Other 
students in the department in the early 
years of the century included Wolfgang 
Kohler, Max Wertheimer and Kurt 
Koffka, for whom Stumpf’s stress on 
intrinsic perceptual organization was a 
crucial factor in their development of 
Gestalt psychology. Musil himself 
performed tachistoscopic experiments and 
devised a greatly improved colour wheel 
that became standard apparatus in all 
European laboratories of psychology. For 
his doctoral dissertation, however, Musil 
wrote an analysis of Ernst Mach’s psycho- 
physical theories. Mach’s impressionistic 
materialism was not congenial to the 
department and “‘it was only after repeated 
arguments’’, Hickman recounts, ‘‘that 
Stumpf could be persuaded to accept 
Musil’s thesis’’. 

Both strands of Musil’s psychological 
education emerged in his masterpiece. 
Ulrich — the man without qualities — lives 
through the first half of the novel 
as a fragmented empiricist, sardonically 
observing Franz Josef’s reign as ‘‘Emperor 
of Peace’’; but in the second half he 
attempts to recreate, in a potentially 











incestuous relationship with his sister, the 
vision of wholeness that informed the work 
of the Gestalt psychologists. 

Although brief, Hannah Hickman’s 
monograph gives a comprehensive account 
of Musil’s writings, from his first novel 
(Young Törless) to his (unsuccessful) 
efforts to complete The Man without 
Qualities while in Swiss exile after the 
Anschluss. She draws extensively upon the 
published notebooks and letters and the 
many unpublished papers in the National 
Library of Austria; her wide reading is 
reflected in the particularly skilful way in 
which she interrelates Musil’s biography, 
essays and fiction. Only a fraction of 
Musil’s output has been translated into 
English (though his finest work, The Man 
without Qualities, is still in print). For the 
reader with little or no German, Hickman’s 
study brilliantly fills out the background 
that will deepen one’s appreciation of the 
major fiction. 

The monograph will undoubtedly send 
the reader back to Musil with an increased 
awareness of the psyche of a writer who 
could employ such chapter titles as ‘‘From 
Koniatowski’s critique of Danielli’s 
theorem to the Fall of Man’’; ‘‘So far as 
jurists are concerned, there are no semi- 
insane people”; and, my own favourite, 
“A chapter that can be skipped by anyone 
who has no very high opinion of thinking as 
an occupation’’. oO 





John C. Marshall is in the Neuropsychology 
Unit, part of the Neuroscience Group at the 
Radcliffe Infirmary, Oxford. 
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In business — jubilation in space, November 1 982, as the Space Shuttle project starts to pay off with 


é s 


the successful launch of two commercial communications satellites from Columbia. The picture is 
reproduced from The Voyages of Columbia: The First True Spaceship by Richard S. Lewis, 
published (appropriately) by Columbia University Press. Price is $24.95, £20.80. 
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Chromatography and electrophoresis 


A wide variety of new products is covered, including several chromatography data handling. 


systems and ten offers of free literature or applications notes. 


@ NuSieve agarose is a new gel medium 
designed for sieving low molecular weight 
DNA. Produced by the Marine Colloids 
Division of FMC Corporation, NuSieve 
agarose features low viscosity to allow 
simple casting of high concentration gels. 
The gels are firm and easy to work with, 
and this one-component gel is a 
convenient alternative to composites of 
agarose and polyacrylamide gels. 
NuSieve agarose will separate DNA 
fragments in the 10-1,000 basepair range, 
making it suitable for checking the quality 
of DNA linkers. 

Circle No. 100 on Reader Service Card. 
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© A new range of higher purity solvents 
has been introduced by BDH to meet the 
demands in HPLC for ever-higher purity 
solvents as the technique provides greater 
sensitivity. The HiPerSolv range of 
solvents is extremely pure and suitable for 
the most sensitive HPLC work. The 
solvents also have minimal water content, 
low non-volatile matter content and high 
optical purity. The HiPerSolv range 
comprises sixteen high purity solvents, 
available in 2.5 and 1.0 litre packs. 

Circle No. 101 on Reader Service Card. 

@® The Packard Instrument Model 436 
gas chromatograph is an economical 
instrument which is capable of superior 
performance in routine capillary column 
separations. Features include idealized 
oven geometry, microprocessor control, 
high-speed electrometers, proportional 
oven temperature control, high quality 
insulation, a non-turbulent column 
environment and precise flow control. 
Model 436 is ready to accept microbore 
column technology without need for 
modifications, a feature that will become 
increasingly important as these new 
columns come into regular use. 

Circle No. 102 on Reader Service Card. 


These notes are based on information provided 
by the manufacturers. For further details circle 
the appropriate numbers on the Reader Service 
Card bound inside the journal. 














@ Erba Instruments has developed an 
automated liquid injection system for 
completely unattended cold on-column 
injection of up to 60 samples, the 
Autosampler 550.The new autosampler is 
extremely compact and can be added to 
the Erba ‘‘Mega Series’? HRGC system. 

Circle No. 103 on Reader Service Card. 


Hewlett Packard’s new liquid chromatograph. 


® High-speed chromatography is 
combined with high resolution in the new 
IBM 3 um Laureate Series HPLC 
columns. These columns come packed 
with a proprietary 3-ym spherical silica 
and are available in silica and in two 
bonded phases — octadecyl and octyl-EC 
(encapped). These 4.5-mm_ internal 
diameter 3-4m columns are offered in two 
column lengths, 50 mm and 100 mm. 
Analytical methods can be easily 
transferred from 5-um columns because 
the chemistries of the S-~m and 3-um 
columns are identical. 

Circle No. 104 on Reader Service Card. 

@ Three new models have been 
introduced to Hewlett Pakard’s HP1090 
family of integrated LC modules. Now the 
HP 1090 can be controlled from its own 
keyboard for applications which do not 
require the computing power of the HP85 
controller. The Local User Interface, or 
LUSI, provides a lower entry price to the 
HP 1090 family without compromising on 
chromatographic performance. Up to 10 
LC methods (parameters for solvent 
delivery, sample injection and detection) 
can be stored in a battery protected 
memory and parameters may be changed 
instantly during a run. For outstanding 
composition precision and an economical 
solution to ternary mixing and gradient 
operation, the new PV5 Ternary Solvent 
Delivery Module can be used with 
standard, high-speed and microbore 
columns. The third new module, the DPU 
multichannel integrator, quantitates up to 
eight signals from the HP 1090 diode array 
detector module simultaneously. In one 
run, the integrator gathers and evaluates 
all the useful chromatographic data. 
Circle No. 105 on Reader Service Card. 















Chrompack columns for separating organic 
acids and carbohydrates. we 
© Based on a microporous sulphonated. 
polystyrene-divinyl-benzene: res 
Chrompack’s new polymeric columns’ 
designed for the separation of. organi 
acids and carbohydrates. The columns for 
separating organic acids and aromatic: 
acids are in hydrogen form, and the 
column for separation of carbohydrates i 
in calcium form. Dimensions are 300 mm 
long and 6.5 mm internal diameter for the 
organic acids and carbohydrate columns 
and 100 x 6.5 mm for the aromatic acid: 
column. The principal separation. 
mechanism in these columns ‘is ion- 
exclusion, but other mechanisms are. 
observed due to the interaction between. 
the non-polar groups present in the solute. 
Circle No. 106 on Reader Service Card. 

@ Pierce Chemical Company has. 
introduced Excellulose GF-5, a pre- 
swollen gel filtration support for desalting. 
solutions containing macromolecules 
Excellulose GF-5 is a cross-linked beaded 
cellulose of with an exclusion limit of. 
5,000 daltons. Macromolecules, with a 
molecular weight greater than the. 
desalting gel’s exclusion limit, pass 
around the beads and are eluted in the 
column’s void volume. Smaller molecules 
penetrate the pores of Excellulose beads 
and are eluted in one column volume 
Excellulose GF-5 may be reused. after the 
low-molecular weight compounds have 
been removed. Excellulose GF-5 can also” 
fractionate small molecules. Polyethylene 
glycols, with a molecular weight of 400 to. 
5,000 have been successfully separated 
using this support. 

Circle No. 107 on Reader Service Card. 

@ Alltech Associates’ line of 0.53-mm 
fused silica NON-PAKD GC columns is 
claimed to offer capillary column 
convenience coupled with an improved 
performance on most applications. 
previously the province of packed GC 
columns. The columns are extremely. 
inert and are claimed to give equal or. 
better separations than packed columns. 
while running 3 to 5 times faster and with 
significantly reduced peak tailing. 
Circle No. 108 on Reader Service Card. 










































YL DC/Milton Roy’s modular ion 
chromatography system, featuring the new 
conductoMonitor IH conductivity detector 
is an ion chromatography system that 
routinely delivers low p.p.b. (parts per 10°) 

-detection of common anions and cations 
and includes a Rheodyne sample injection 
valve and all necessary plumbing for simple 
- and quick system set-up. It features a wide 
: zero suppression range to electronically 
suppress the background conductivity of 
eluent buffers and cell temperature is 
actively controlled for baseline stability. 
Circle No. 109 on Reader Service Card. 
--@ A new line of ampholytes has been 

developed by Isolabs to meet the demand 
= for high resolving, stable, pH gradients 
within electrophoresis gels. Isolytes are 
produced in eleven pH ranges, and resolve 
molecules with isoelectric points differing 
by as little as 0.02 and have excellent 
buffering capacity at each pl, with uni- 
<form conductivity. To assist with the 
‘observation of when the gel has equilib- 
rated a light amber colour has been intro- 
duced which enables the Isolytes to be ob- 
served as they migrate to the pI position. 
Circle No. 110 on Reader Service Card. 
® A compact, easily fitted densitometer 
accessory is now available with the new Pye 
Unicam PU 8800 UV/visible spectro- 
photometer series, making the instrument 
ideal for recording electrophoretic sepa- 
rations. The old technique of staining and 
then photographing the gel suffers from a 
“toss of detail, and the new accessory 
converts the PU 8800 intelligent, high- 
speed UV/visible spectrophotometer into a 
high-performance densitometer for this 
increasingly popular method of following 
lectrophoresis. 

Circle No. 111 on Reader Service Card. 


improve chromatographic precision by 
providing a stable, temperature controlled 
environment. The heater incorporates 
precise temperature control up to 150°C, 
an optional heated injection valve, and can 
accommodate two columns. It will 
accommodate up to two standard 30 cm 
columns of up to 0.375 inches outer 
diameter, plus guard columns. Many 
different sized columns can be used in the 
same heater, as the aluminium inserts are 
interchangeable. 

Circle No. 112 on Reader Service Card. 

@ The capabilities of the Perkin-Elmer 
Model 8300 gas chromatograph have 
been extended with major new options 
and an uprated specification. The 
Programmable Temperature Vapourizer 
(PTV) is a temperature programmable 
injector that provides both split and 
splitless operation. Samples are injected 
into a cold environment so that problems 
associated with sample discrimination 
from the syringe needle, decomposition of 
labile compounds and quantitation errors 
are greatly reduced. In many applications 
where on-column injection has previously 
been required, excellent results can be 
obtained with the PTV. The Model 8300 
real-time screen graphics and built-in data 
handling facility provides a versatile 
chromatography and data processing 
system, and a new option adds re- 
integration of raw data to this system. 
Following an analysis, the chromatogram 
can now be re-examined, integration 
parameters changed, recalibrations 
carried out and, if necessary, the process 
repeated until the most suitable 
parameters are determined. 

Circle No. 113 on Reader Service Card. 

















®@ For milligram to multigram 
separations, the Separations 
Technology/Lab 800A 
preparative HPLC system has 
been engineered to facilitate 
the use of smaller particle 
packing media for increased 
separation efficiency. Each 
system is equipped with a 
solvent delivery system, a fluid 
control panel, an ST/2000 
series stainless steel column 
and a mobile cart with a column 
mounting assembly. Dual-head 
diaphragm type pumps deliver 
a maximum flow rate of 800 mi 
per min at 1,800 p.s.i. for either 
isocratic or binary gradient 
solvent applications. Systems 
are provided complete with 
detection, recording and 
fraction collection ability. 
Pilot-plant and process scale 
systems are also available. 
Circle No. 114, 


© The Eldex column heater is designed to 









































The Protean II electrophoresis ceil. 


@ Protean II is a vertical electrophoresis 
system from Bio-Rad, designed for easy 
operation for SDS-PAGE, two-dimen- 
sional and many other techniques. The 
Protean II system comprises: vertical 
multi-tube and Trans-Blot cells; gradient 
formers, slab dryers, destainers and power 
supplies. The Protean II vertical cell is easy 
to assemble, requires no grease and is leak- 
proof. Smile-free patterns are obtainable 
with only 1.5 litres of buffer and up to four 
16 x 16cmor16 x 20cm slabs can be run 
simultaneously. For larger capacities the 
multi-cell can accommodate up to 12 slabs 
or 48 tube gels. 
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@ New medium-pressure packings, 
made of spherical, beaded cellulose, are 
now available from Amicon for ion- 
exchange and gel permeation chromatog- 
taphy. With outstanding physical 
strength and pressure resistance as well 
as low nonspecific adsorption, these 
media are specially suitable for high 
column flow rates. The rigidity of the 
particles in the pre-swollen gels allows 
repeated repacking and stirring without 
generation of fines. Large bed height 
changes due to changes in solvent 
conditions are avoided, as a result of rigid 
structure. Offered under the trade name 
Matrex Cellufine, the line of media 
includes medium and high-MW ion- 
exchange and desalting gels. 
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@ Automated Microbiology Systems, Inc. 
has developed a new scanner capable of 
scanning gels, TLC, and paper 
chromatograms labelled with '*C, S, or 
XNP, The Ambis Beta scanning system 
features a two-dimensional proportional 
counter with. 312 discrete detector 
elements. This detector. array scans an 
entire gel or TLC plate to produce an image 
of the distribution of activity with up to 
47,000 image points, allowing the user to 
select regions of interest. Data from these 
regions can be processed and presented as 
histograms. The software facilitates easy 
quantitation of activity within the peaks as 
well as peak location. The system is 
controlled by a microcomputer that 
automatically performs the entire scanning 
procedure. 
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@® Nelson Analytical’s Series 4400X 
chromatography data systems are based on 
a new power-packed software package 
called XtraChrom. XtraChrom offers 
graphic-aided on-screen editing, a post-run 
processing routine for recalculation, 
comparison and ratioing, and real-time 
integration. The Series 4400X system is 
based on the Hewlett-Packard Series 200 
technical desktop computer. Nelson 
Analytical develops the chromatography 
software for the HP computer — a turnkey 
System specifically tailored for 
chromatography data handling and 
reduction, 
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® Chromatochart, a new software 
package from Heyden Datasystems, uses 
the Apple H microcomputer to achieve 
multi-channel chromatography data 
handling. The combination permits users 
to aquire, analyse and report chromatog- 
raphic data which can be fed in from 
capillary and packed column gas 
chromatographs as well as HPLC units, gel 
scanners, TLC densitometers and amino 
acid analysers. The system is user friendly, 
with procedures for data acquisition, 
display, storage and output routines all 
menu driven. Data acquisition and inte- 
gration parameters can be defined, stored, 
and edited as required. Powerful inte- 
gration routines measure peak area, 
retention time, height, width at half-height 
and skew. 
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© A new range of chromatographic 
columns, Zorbax BioSeries, designed for 
separations of compounds of biological 
origin and interest, has been developed by 
Du Pont, and the first two products in the 
BioSeries range are now available. These 
are the Zorbax BioSeries PEP/RPI 
column for the reversed phase separation 
of peptides, proteins and digests, and the 
Zorbax BioSeries GF250 for high 
performance gel filtration separations of 
peptides and proteins. The latter is based 
on a new zirconia-stabilized silica which 
gives superior stability at higher pH 
values than other columns. Other columns 
in the BioSeries, including a PTH column 
for the isocratic separation of PTH amino 
acids from gas phase sequencing, are to be 
announced shortly. 
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© The Pharmalyte series from Pharmacia 
Fine Chemicals has been extended with the 
introduction of five new narrow pH 
intervals for isoelectric focusing and one 
wide interval for two-dimensional electro- 
phoresis. The series now covers the pH 
range in which the majority of proteins 
have their pls. The new narrow pH interval 
Pharmalytes (4.2-4.9, 4.5-5.4, 5-6, 6.7- 
7.7 and 6-8) have a larger number of carrier 
ampholyte species for high resolution. The 
Pharmalytes generate uniform, linear pH 
gradients, with low and even conductivity 
and high buffering capacity for stable 
focusing at upto 3,000 V. 
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For the scale-up of separation procedures, the 
LKB 2237. 


@ LKB-Produkter AB has introduced a 
completely modular line of preparative 
scale columns and accessories designed to 
further simplify the scale-up of chrom- 
atographic separations. LKB’s 2237 
preparative-scale columns and 
accessories enable the user to custom- 
design an ideal preparatory or production- 
level system to handle working volumes 
of aqueous or organic solutions in the 0.2 
to 10 litre range. Two series of columns 
are available — the Aqueous Solvent 
Series and the Organic Solvent Series. 
They enable all of the buffers and solvents 
required for even the most complex 
purification schemes, such as those for 
certain peptides, hormones and lipids, to 
be used. LKB 2237 columns are available 
in two diameters (5 and 10 cm) and three 
lengths (60, 100 and 120 cm). 
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@ A new low-cost Chromatography Data 
Station based on the BBC microcomputer 
is now available from Jones Chromato- 
graphy. The Menu-driven software 
package permits even the most inexperi- 
enced user to obtain results and reports 
rapidly using single-key operation. The 
facilities provided include data acquisition 
and storage, screen display of the real time 
chromatogram, calculation of peak area, 
peak height, are a% and retention time. 
Both chromatogram and results can be 
viewed on the screen before committing to 
print on the 4-colour printer-plotter. 
Complete chromatograms can be stored on 
the disk system. The system comes 
complete with 32K BBC microcomputer 
(model B), 100K disk system, 9-inch green 
screen monitor, printer-plotter, chromato- 
graph interface, all necessary cabling and 
the menu driven software. Kits for existing 
BBC micros are also available. 
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@ From the Macclesfield company 
HPLC Technology, the LC 2015 ternary 
gradient HPLC solvent pump and 
programmer enables the user to vary not 
only the isocratic mixtures, but to perform 
binary gradient elution with a 3-solvent 
mixture without the need for 
microprossor-based control. Features 
include pulseless operation, flow of 0.1 ml 
per min, maximum pressure of 6,000 p.s.i. 
and the capacity for full external control. 
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DIMENSIONS 
IN THE 
EVALUATION 
OF ELECTRO- 
PHORESIS 
OBJECTS 


ELECTROPHORESIS 
SCANNER II 


o 
CAMAG Sonnenmattstr. 11 
CH-4132 Muttenz/Switzerland 
Telephone (0.61) 613434 
Telex 62649 


CAMASG has agents in almost ail 
countries 
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Advertisements 


SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 
Singer Micromanipuletors enable anyone to 
make exact movements without tremor or lost 
mation, in three dimensions, using a single 
control handie under low or high power 








magnification. 

A varied range available. All simple to operate. 
SINGER INSTRUMENT CO. LTD., 

Ti 


reborough Lodge, Roadwater, 
Tel: Washford (0984) 40226/325 


Circle No.16 on Reader Service Card. 


DO YOU RUNA | 
LOT OF GELS? 


| Hundreds of laboratories are using our 
inexpensive vertical slab system which can 
1 electrophorese DNA acrylamide gels in 15 
minutes; SDS-PAGE gels in 50 minutes. 
Over 100 of these high-sensitivity gels have 
been published. 


For details, write: 
‘Idea Scientific, P.O. Box 2078 
Corvallis, Oregon 97339 


or phone (503) 758-0999 
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A carose 


Evectroru ORE 


Pt electrodes 
10x7cem gel area 
UV transparent 


$89 sue 





TEL.O734 788000 
MANCHESTER EK 
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CUSTOM PEPTIDE 
NTHESIS 


BIOSEARCH, tnc., offers custom synthesis 
of peptides for research; milligram to 
muitigram quantities are available. Each 
peptide is quoted individually within one day 
of receipt of sequence. Complete confiden- 
tiality is guaranteed. Purified peptides 
require 4-6 wks to deliver; crude” peptides 
delivered in 2-4 wks. All custom peptides 
supplied with amino acid analysis & 
analytical HPLC data. Computer analysis of 
protein sequences offered. For more 
information, contact Chemical Sales 
Manager, BIOSEARCH, Inc., 2980 Kerner 
4d Blyd., San Rafael) CA 94907. {800) 

227-2624, in California, 1415) 469-3907. 
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The CAMAG scanner for TLC. 
@ The CAMAG automatic computer- 
controlled Scanner IH + HP 9816set upisa 
TLC evaluation tool featuring automatic 
scanning track location with optimization 
of each sample zone, automatic evaluation 
via peak height area, floppy disk storage of 
all raw data, dual wavelength scanning 
and video screen integration. For every 
assignment, the system gives a print out of 
a complete analysis report. 
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@ The Dionex range of ion chromato- 
graphs is soon to be augmented by a new 
advanced IC System, the Autolon 300. 
This will be very user-friendly, enabling 
work methods to be quickly established 
and stored but have the facility to easily 
edit the parameters. The traditional role 
of IC to separate both anions and cations 
has been extended by Dionex to allow the 
analyst to measure amino acids in 
carbohydrates in even the most complex 
media such as fermentation broths. 
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@ A robot sampler for HPLC sample in- 
troduction has been announced by Varex 
Corporation. The ROSA robot sampler 
will automatically introduce samples from 
0.2 microlitres to 2 millilitres into any 
liquid chromatograph, microbore or a 
conventional HPLC column, Samples 
may be injected either sequentially, or at 
random, with up to 10 repetitive injections 
from each vial. 
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NOTES AND 
CATALOGUES 


Circle the appropriate Reader Service Card 
numbers for free copies of the following 
applications notes and other literature. 


© Now available on request from Bio-Rad is 
the latest issue of ‘‘Bio-Radiations’’. The 8-page 
issue contains details of a new Protein 
A-horseradish peroxidase conjugate immun- 
blot assay kit for the detection of nitrocellulose- 
bound immune complexes, and new affinity 
purified second antibody enzyme conjugates for 
ELISA and immunoblotting techniques. 
Application reports cover the purification of 
T-cell receptor components by high per- 
formance hydroxylapatite chromatography and 
optimizing protein separations using hydro- 
phobic interaction HPLC. No. 130. 












© A new 20-page issue of ‘‘Waters 
Chromatography Notes’’ featuring the latest 
instruments, columns and applications for high 
performance liquid chromatography is 
available from Waters Chromatography 
Division of Millipore Corporation. In addition 
to products, the latest issue contains new HPLC 
applications information for a variety of 
industries including biotechnology, electronics, 
food, beverage, grain, polymer, environmental, 
pharmaceutical and power. No. 131. 

@ Packard Instrument Ltd’s two most recent 
“GC Application News Bulletins’? each 
describe a particular analysis. The first describes 
the characterization of beeswax using the 
capillary liquid on-column injection technique 
and a deactivated fused silica retention gap with 
single ferrule column connection. The second 
describes the analysis of various trade prepar- 
ations of pyrethroid insecticides using the 
capillary liquid on-column injection technique 
and an electron capture detector. No, 132. 

@ LDC/Milton Roy’s new 24-page catalogue 
describes the complete line of LDC/Milton Roy 
HPLC products featuring individual instru- 
ments, components, options, replacement 
parts, columns and related accessories. No. 133. 
© Three new application sheets from GOW- 
MAC Instrument Company cover solvent 
mixture analysis on capillary columns with 
micro TCD, nitrogen and phosphorous in a 
complex matrix at low level with TID, and flue 
gas analysis. The application sheets are part of a 
series, ‘‘Peak to Peak, Applied Separation 
Techniques”; each consists of a brief intro- 
duction, the equipment used including column 
data, operating conditions, and the analysis 
procedure. Readers requesting these sheets will 
also receive a full list of the other sheets 
available. No. 134. 

© A 12-page brochure (Publication 514) gives 
details of Amicon’s new line of silica packings 
for use in normal and reverse-phase liquid 
chromatography. In addition to detailed 
characteristics of the media, the publication 
offers a Selection Guide for desired 
applications, with emphasis on scale-up from 
laboratory to large, preparative applications. 
No. 135. 

@ LKB’s complete line of chemicals and 
consumables for electrokinetic separations is 
listed in a 16-page catalogue. Products include 
prepared electrofocusing gels; Ampholine 
carrier ampholytes; gel media; molecular weight 
standards; stains and dyes. The catalogue also 
contains application information. No. 136. 

© BDH and Baird and Tatlock have brought 
together their chromatography product ranges 
and included them in one 112-page catalogue. 
Many new products are included in the cata- 
logue which details: HPLC instruments, 
columns, sorbents and reagents; TLC/HPTLC 
instruments, pre-coated plates, sorbents and 
reagents; preparative column chromatography. 
No. 137. 

© Pharmacia Fine Chemicals has produced a 
large coloured poster entitled ‘‘Guide to 
Biological Purification and Isolation”. The 
poster describes the principles and techniques, 
products used and the results to be expected for 
the isolation of a wide variety of biological 
substances, particles and cells. It describes the 
types of cells, subcellular particles and bio- 
molecules that can be isolated, and the different 
methods of separation used. No. 138. 

@ J.T. Baker’s 60-page catalogue ‘Products 
for Chromatography’ lists hundreds of new pro 
ducts. Major topics covered include sample 
preparation, HPLC, thin layer chromatography 
and preparative column chromatography. No. 139. 






















SEPRAGELS | 


A new concept in Electrophoresis 


Pre-cast. ready to use. 1.5 mm thick gradient polyacrylamide gels ina variety 
of ranges and formats to fit all popular electrophoresis devices. 








Four gradient ranges available in both 
SDS and non-SDS formats (16 cm x12 
cmx1 5mm) 


SDS-DALT 10 20°. format offered 
(18 cmx 18 cm cassette) 


Complete Introductory Kits for easy 
evaluation 


Now Available from: 


NEN 
WAA 


| 


l 
| 
| 
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Electrophoresis “Wish Book” 


Get complete technical data and prices for: 
e the largest power supply line « densitometers « electro- 
phoresis cells * Electroblot® e chemicals « tissue sieves 

and other products. 





For your free copy, write or ‘phone today. Our toli- 
free number is 800-624-2232. In Florida, 800-282-7932 


E-C Apparatus Corp., 3831 Tyrone Bivd. N. 
St. Petersburg, FL 33709 TELEX 51-4376 HALA 
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Silver Stain compatible 


Economical for infrequent/novice users 
through to large expert operations 


Quality assured by our twent 
manufacturing controls including 
our internal Standard Rat Heart 
Homogenate (RHH) 


Integrated Separation Systems 


a division of Biotechnology Development Corporates 


44 Mechanic Street Newton MA 02164 
(617) 965-2901 


A bio-medical and bio-industrial 
R &D company offering 
pharmacological screening and 
evaluation, testing of compounds for 
specific biological activities, 
genotoxicity determinations (Ames 
test and evaluation of DNA damage 
and repair). 























We also offer a wide range of peptides, 
leukotrienes, nucleosides and nucle- 
otides developed through our unique 
network of university researchers and Bio- 
Meda’s own scientists. 


For further information, please contact 
Dr. 5. Rakhit or Dr. D. Marshall. 


i Complexe Desjardins, C.F. 158, 
Montréal (Québec), Canada, H58 1B3. 


Téléphone: (514) 284-0043. 
Télex: 05-25151. 
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this magazine 
and more than 
1,000 others let us 
go over their books 
once a year. 


Some magazines, we're sorry to say, keep their 
readers undercover. They steadfastly refuse to let BPA 
(Business Publications Audit of Circulation, Inc.) or any 
other independent, not-for-profit organization audit their 
circulation records. 

On the other hand, over 1,000 publications (like this 
one) belong to BPA. Once a year, BPA auditors examine 
and verify the accuracy of our circulation records. 

This audit provides the name, company, industry and 
job title of every reader each publication reaches. The 
information helps advertisers to determine if they are 
saying the right thing to the right people in the right place. 

It also helps somebody else important: you. Because 
the more a publication and its advertisers know about you, 
the better they can provide you with articles and 
advertisements that meet your informational needs. 

BPA. For readers it stands for meaningful information. 
For advertisers it stands for meaningful readers. Business 
Publications Audit of Circulation, Inc. fas 
360 Park Ave. So., New York, NY 10010. BPA 

MEDIA INTELLIGENCE 
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PRINCETON UNIVERSITY 
DEPARTMENT OF BIOLOGY 


POPULATION BIOLOGIST 


The Department of Biology at 
Princeton University seeks applicants 
for a position at the assistant 
professor level. Candidates should 
seek conceptual advances in 
population biology through field 
and/or lab work in genetics, 
evolution, ecology, or behavior. 
Their interests should overlap and 
complement those of existing 
members of Princeton’s population 
biology group: Gould, Grant, Horn, 
Lisk, May, Rubenstein, and 
Terborgh. 


Applicants should send a 
curriculum vitae and arrange for 
three letters of reference to be sent to 
Henry S Horn, Department of 
Biology, Princeton University, 
Princeton, New Jersey, 08544. 


HAMMERSMITH & 
FULHAM HEALTH 
AUTHORITY 


Charing Cross Hospital 


DEPARTMENT OF 
MEDICAL ONCOLOGY 


RESEARCH ASSISTANT 


Applications are invited from 
graduate/post doctoral biochemists 
for a post of Research Assistant, to 
work in the development of 
chimaeric antibodies in relation to 
cancer therapy. Experience in molec- 
ular biological techniques would be 
an advantageous. 

The post, which is MRC funded, is 
initially for a fixed term period until 
31/3/86 and is graded as a Basic 
Grade Biochemist. 

Application forms available from 
the Unit Personnel Department, 
Charing Cross Hospital, Fulham 
Palace Road, Hammersmith W6. 


THE LONDON HOSPITAL 
MEDICAL COLLEGE 


(University of London) 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 
(Histology): £6,780 


Applicants are invited for the post of 
Medical Laboratory Scientific 
Officer in the Gastrointestinal 
Science Research Unit. The ap- 
pointment is for a period of three 
years and is funded by a United 
States Public Health Service (NIH) 
Grant to Dr W R Ewart. Applicants 
should hold an HND or equivalent 
and be experienced in histological 
techniques. 


Further details and application 
forms can. be obtained from The 
Assistant Secretary (Personnel), 
The London Hospital Medical 
College, Turner Street, London 
El 2AD. Telephone 01-377-8800 x 
12/13. 


MEDICAL RESEA 
COUNCIL: 
Laboratory of Molecu 
Biology, Cambridgi 
RESEARCH ASSIST 
Applications are ‘invited 
graduates with at- least 3 
research experience to work. 
David Zimmern.-on- the me 
biology of two groups of pla 
viruses. Experience i 
and/or plant- molecular 
would be useful, but 
experience in. other. a 
molecular biology will be ta’ 
consideration. 0.00 
The post is available for 3y 
the salary will be in the 
£7,520-£13,120. Further info: 
from the Assistant D 
(Cambridge (0223) 248011). 
Applications — including a 
and the names of two profi 
referees — should be sent b) 
after appearance), quoting r 
BL/4 to: The Assistant 





Princeton University is an Equal 
Employment/Affirmative Action 
Employer. (NW1412)A 


Telephone 01-748 2040 extn 2992. 


(531A advertisement, 


Independence 
and responsibility 


are important to employees at 
Genetics Institute. We apply the 
knowledge gained in modern biol- 
ogy to generate advances in human 
healthcare, agriculture and chemi- 
cals. Our achievements in these 
areas rank us among the top firms 
in the biotechnology industry and 
result in an exceptionally stimulat- 
ing scientific environment. 


We are currently expanding our 
research and development efforts 
and have openings in four areas. We 
offer an excellent salary and com- 
plete benefits package. Qualified 
candidates should forward their 
resumes, in confidence, to: 
Barbara Covel 

Genetics Institute 

225 Longwood Avenue 

Boston, MA 02115 


Molecular Biology 

We have several openings available at all 
career levels (Ph.D./M.S./B.S.) for highly 
motivated, talented individuals with a 
strong research background in rDNA tech- 
nology. Additional expertise in one of the 
following areas would be desirable: tissue 
culture, CDNA cloning, DNA chemistry, 
bacterial or mammalian expression 
systems. 


Molecular Plant Breeding 

We are looking for several highly moti- 
vated, independent individuals at all career 
levels (Ph.D./M.S./B.S.) to join our agri- 
cultural applications program. Candidates 
should have a strong research background 
in the biology of corn, with additional 
expertise in one of the following areas: 
biochemistry, cytogenetics, genetics, 
molecular cloning or tissue culture. 


Closing date within 21 days of this 


(Administration), MRC Lab 
of Molecular Biology, Hills 
Cambridge CB22QH.. (5: 
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Protein Biochemistry , E 

We seek a highly motivated biochemist 
to join our protein purification group. The 
ideal candidate will have a Ph.D. in bio- 
chemistry with 0-3 years postgraduate 
experience and a thorough knowledge 
bioseparation techniques. Experience 
protein and glycoprotein characterization 
would be a plus. An interest inenzyrmol- 
ogy and structure/activity study is desire 


Chemistry/Enzymology 

We currently have two openings, one 
Ph.D. and one MS/BS level, for individt 
with a strong background in enzymolog' 
and organic chemistry. The ideal candi- 
dates will have experience in purification 
characterization, kinetics, chemical modi 
cation and immobilization of proteins. 


(NW1420)/ 
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specialising in one of these disciplines. 


industrial/academic experience. 





Opportunities in 
Biostratigraphy 


Sunbury-on-Thames 


The Stratigraphy Branch of the BP Research Centre is BP Exploration’s centre of expertise in 
biostratigraphy, palaeogeography and palaeoenvironmental interpretations. 


We currently have the following attractive career opportunities. 


Palynologist 
Nannoplankton Specialist 


For these posts, candidates must have a good honours degree in Geology and an MSc 


Micropalaeontologist 


Candidates should have a good honours degree in Geology plus a PhD and 1-2 years’ 


























development. 


BP is an equal opportunity employer. 


Research 


SUNBURY-ON-THAMES 





SUNDERLAND POLYTECHNIC 
NORTH EAST BIOTECHNOLOGY CENTRE 


Principal Lecturer in 
Molecular Genetics 


Salary: £13,095 — £14,580 BAR £16,467 


nderland and Teesside Polytechnics have been jointly designated by 
National Advisory Body as a National Centre for Biotechnology. 
e Centre has a vacancy at Principal lecturer level in the Biology 
partment at Sunderland. Polytechnic. Applicants should hoid a 
her degree. and. will have postdoctoral research or industrial 
rience. The Lecturer will be required to contribute to existing 
chnology and Applied Biology coursesiat B/TEC, BSc and MSc 
and to participate in the development of new courses to be run by 
Centre. He/she will also be expected to contribute to the 
elopment of new research projects in molecular genetics. 




























feapplication form and further particulars obtainable from the 
sonnel Officer, Sunderland Polytechnic, Langham Tower, Ryhape 
id, Sunderland, SR27EE, or telephone (0783) 76231 ext 11. Closing 
(5347) A 






The successful candidates will join a team of biostratigraphers based at Sunbury; postings in 
Aberdeen and Canton, and temporary duties in many other centres worldwide are possible. 


An active training programme is in operation and good opportunities exist for career 


An attractive remuneration package includes a non-contributory pension scheme, subsidised 
restaurant, on-site sports and social facilities and relocation assistance where appropriate. 

Please telephone for an application form or write enclosing a C.V, quoting reference SR 
2625, to: Anne Hendry, The British Petroleum Company plc, BP Research Centre, Chertsey 
Road, Sunbury-on-Thames, Middlesex TW16 7LN. Tel: Sunbury-on-Thames (09327} 62028. 


GEO CONSULTANTS 



















Gearhart Geo Consultants, a-subsidary of Gearhart Industries Inc, will 

be expanding their operations in Aberdeen, Singapore and Jakarta 
uring i 

These developments and associated staff movements will create 


vapancios tor: Area Manager — Singapore, Jakarta 
Micropalaeontologists — Aberdeen, Jakarta 
Palynologists — Aberdeen, Jakarta 
Sedimentologists — Aberdeen, Jakarta 

Geochemists — Aberdeen, Jakarta 

Applicants will preferably be graduates in geology, with a second 

degree a an appropriate diciplines and with cilindustry related 

xperience. 

These career positions offer a chance to share in the opportunities of 

growth within a successful and rapidly expanding consultancy 

col ny. 

A generous salary and benefits package (appropriate to qualifications 

and experience) are available to suitable candidates. 

Application forms are available from: 

Dr B. Johnson, 

Gearhart Geo Consultants, 

Howe Moss Drive, 

Kirkhill industrial Estate, 

ABERDEEN. 


Tel No. 770355 Telex 739496 GO ABN 
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Senior 
Appointments 
in Toxicology 


Glaxo Group Research is Britain's leading pharmaceutical 
research organisation, with a distinguished reputation for 
developing safe and effective medicines. As part of a general 
expansion of our drug development activities, we wish to make 
the following new appointments to our Pathology Division. 


Head of Genetic and Reproduction 
Toxicology 


We wish to appoint an experienced toxicology manager to direct 
the work of two groups conducting genetic and reproductive 
toxicity studies on new medicines. Each group comprises some 
12 scientists and technicians and is led by a section head. 


Suitable candidates will have extensive experience in the 
conduct, supervision, reporting and interpretation of genetic 
and/or reproduction toxicology studies, and will be recognised 
experts within their own scientific discipline. Experience in 
managing a research group is essential, and a knowledge of the 
pharmaceutical industry is desirable. 


External Contracts Manager 


We are seeking a senior, highly experienced toxicologist to 
coordinate the placing and monitoring of studies at contract 
establishments, so as to ensure that they are carried out 
expeditiously to very high scientific and regulatory standards. 


Applications are invited from scientists with relevant experience at 
a senior level within the pharmaceutical industry, encompassing 
personal involvement in the design, conduct, interpretation and 
reporting of toxicity studies of all kinds. It is unlikely that anyone 
under the age of 35 will have sufficient experience. The job will 
entail some travel, mainly within the U.K. 


Our attractive remuneration package includes Company car, 
non-contributory pension and participation in Glaxo Group 
profitability. 


Generous assistance with relocation will be available if 
appropriate. 


Please apply to Dr. I. Collins, Personnel Manager, Glaxo Group 
Research Ltd., Ware, Herts. SG12 ODJ, tel: Ware (0920) 3993. 


Research Ltd. 
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to join a young and dynamic editorial 


The ideal candidate will Biomedical Division, 
have had several years of | and will be expected to 
experience ina actively help develop 
medically related career, | the Company’s range of 


research level primary 
journals and books in 
the clinical area. 
He/she will need to be 
able to work well as a 
member of a team, and 
to be able to demon- 
strate commercal 
acumen and entrepre- 
neurial skills. 
Management exper- 


possibly in the publis- 
hing industry, pharma- 
ceutical industry or 
| hospital environment. 
Preference would be 
-given to a medically 
„qualified candidate. 
The ideal age would be 
mid-30’s. 

The candidate will 

` report to the publisher, 


nature 


the international journal of science 


seeksa SUB-EDITOR 


be primarily responsible for the presentation and literacy of physical 
jence articles but also, in due course, to assume wider editorial 
ponsibilities. Previous editorial experience not necessary. 




















sential requirements: three years research experience in physical 
clences, a sense of literacy, wide general interest in science. Starting 
date no later than 1 May. 


Replies by 8 February with full curriculum vitae to the Editor, 
re, Macmillan Journals Limited, 4 Little Essex Street, 
ndon WC2A 3LF. (5252)A 
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plications are invited for a post in applied research, Department of 
esearch and Development, Biondusty division in a Biotechnology firm 
he project is concemed with protein purification by affinity chromato- 
raphy in physiological and cell culture fluids. Applicants should have 

PhD in biochemistry or molecular biology or immunology with 5 years 

"experience in academic or industrial research. 

ry minimum £ 18 000 per annum. 
Applications including CV, names of two academic referees should be 


tto: 
Eo (W1593)A 


Service du Personnel - M” Sauzedde 
Centre National de Transfusion Sanguine 
brue A. Cabanel 75739 Paris Cédex 15 France 
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Due to continuing expansion, ELSEVIER BIOMEDICAL DIVISION 
(a division of Elsevier Science Publishers B.V., Amsterdam) is seeking an 


experienced medical editor (m/f) 















ill 
Hilal t 


team, charged with the continuation and 


expansion of the Company’s Biomedical Publications Program. 


ience would be an Company’s Head Office 
advantage. Considerable | in Amsterdam, The 
international travel will Netherlands. 

be an essential feature of 

the position. An interest | Interested candidates 

in information tech- should apply in English 
nology will be important | with a detailed c.v. in 

to the successful exe- the first instance to: 
cution of the function in Elsevier Science 

the future. Publishers B.V., 

This is a demanding Biomedical Division, 
position and the rewards | Head of Personnel, < 
offered to the right can- Keizersgracht 305, z 
didate will be attractive. 1016 ED Amsterdam, = 
Location will be at the The Netherlands. a 


THE MACAULAY INSTITUTE FOR 
SOIL RESEARCH 


DEPARTMENT OF MINERAL SOILS 


SCIENTIFIC 
OFFICER/ HIGHER 
SCIENTIFIC OFFICER 


Applications are invited for a Scientific Officer/Higher 
Scientific Officer to be responsible for the provision of a service 
in N determination for several departments of the Institute 
involved in field and laboratory tracer experiments. The duties 
entail the operation and maintenance of a new isotope mass 
spectrometer {SIRA 9) and associated data system and the use 
of sample preparation techniques. The successful candidate 
will be responsible for liaison and co-ordination of the ®N 
analysis service within the Institute. Future developments could 
include provision of carbon-13 and sulphur-34 analytical 
facilities as required by Institute research programmes. 


Candidates should possess a degree, Higher National 
Certificate, or equivalent in Chemistry. At least two years’ 
relevant post-qualifying experience is required tor appointment 
at the higher grade. 


Salary within the range Scientific Officer £5,909 — £8,153 per 
annum, Higher Scientific Officer £7,435 — £10,039 per annum, 
according to qualifications and experience, Non-contributory 
superannuation scheme operative. The Macaulay Institute for 
Soil Research is an Equal Opportunities Employer. 

Forms of application and further particulars may be 
obtained from the Secretary, The Macaulay Institute for 
Soil Research, Craigiebuckler, Aberdeen, ABS 20J, to 
whom they should be returned by 18 February 1985. Quote 
Ref 84/ 18. (5339)4 
























































QUEEN MARY GOLLEGE 
(University of London) 


APPOINTMENT 
OF PRINGIPAL 


The Gollege is seeking a successor to Sir 
James Menter, FRS who will retire from the 
office of Principal on 30 September 1986. 
Persons interested in being considered for 
the post or wishing to suggest individuais 
for consideration are invited to write in 
confidence before 11 March 1985 to Sir 
Arthur Drew, Chairman of the Governing 
Body, Queen Mary College, (University of 
London), Mile End Road, London E1 4NS. 


Further particulars of the post may be 


btained from the College Secretary. 
ee ollege ry (5357A 


IMMUNOLOGIST 


Berkeley Antibody Company, (BAbCO), a rapidly growing San 
Francisco Bay Area Biotechnology Company, is currently 
seeking a Ph.D. level immunologist to direct a monoclonal 
antibody program. Candidates must have at least 3 years 
experience in hybridoma development and monoclonal antibody 
production in either an academic or industrial setting. The 
candidate must also have strong leadership skills and look 
forward to establishing an efficient monoclonal antibody facility 
in an aggressive industrial setting. 


Letters of application, including CV and names of three 
references, should be sent to: Dr. Thomas R. Anderson, 
Director of Research, Berkeley Antibody Company, P.O. 


Box 3038, Berkeley, California 94703. (NW1422)A 
BERKELEY 


ie ANTIBODY 
» COMPANY, INC. 


The European Molecular Biology Laboratory {EMBL], an inter- 
national research institute situated in Heidelberg, West 
Germany, invites applicants for the following position 


SCIENTIST 


The successful candidate, at the postdoctoral or independant 
scientist level, will be involved in the development of DNA 
technology for the overexpression of native proteins in different 
organisms. 


His/her work will be in collaboration with the structural and 
molecular genetics units at EMBL. 


Previous experience in the overproduction of proteins in bacte- 
ria, yeast or animal cells is required. 


The post is available immediately. 


Please write briefly for an application form, 
quoting reference N° 84/51 to: 

EMBL, 

Personnel Section, 
Postfach 10.2209, 
D-6900 Heidelberg 


















CSIRO 
AUSTRALIA 


MICROMETEOROLOGIST 


$A25,342 — $A37,274 


DIVISION OF ENVIRONMENTAL 
MECHANICS 


CANBERRA ACT 


CSIRO conducts scientific and technological research in laboratori 
located throughout Australia and employs about 7,500 staff, of wh 
some 2,900 are professional scientists. The Organization's researc! 
activities are grouped into five institutes: Animal and Food Science 
Biological Resources, Energy and Earth Resources, Industr 
Technology and Physical Sciences. The CSIRO Division: 
Environmental Mechanics is a member of the Institute of Physi 
Sciences. 

FIELD: Micrometeorology over complex terrain. ; 
GENERAL: Research in the Division is centred on processes of he: 
and mass transfer in the natural environment. Transport of energ 
water, salts and gases in the soil-plant-atmosphere ‘system. 
explored. The Division has 26 staff, including ten research scientis 
working in the areas of soil physics, solar radiation, fluid mechani 
micrometeorology, and physical aspects of plant physiology. T 
Division is well equipped and has facilities for computing, mo 
laboratories for field studies, an experimental field site, anda |: 
boundary layer wind tunnel. ; 
Research within the micrometeorology programme is concentrat 
the problems of momentum, heat and mass transfer over irregular. a 
spatially variable surfaces, above and within crop canopies and int 
wakes of obstacles. Parallel and complementary investigations al 
conducted in the field and in the wind tunnel. 

DUTIES: Undertake theoretical and experimental studies of’ t 
characteristics of turbulent wind structure and the transport of heat a’ 
moisture above sloping and hilly terrain, with special emphasis.on 
influence of thermal instability and stable stratification on’ 1 
mechanisms involved. The appointee will have a leading role in 
development of instrumentation for both field and wind tunnel studi 
of these processes, and in devising techniques and strategies f 
analyzing the data obtained. 

QUALIFICATIONS: A PhD degree or equivalent qualification: 
supported by evidence of proven experimental research. ability. 
background of research in heat and mass transfer in turbulent sheal 
flows is highly desirable, together with knowledge of advanced 
microcomputer and data transmission technology. 

An applicant with an outstanding research record may. be offered 
appointment at a higher level. 
TENURE: Indefinite with Australian Government superannuation 
benefits available. ? 
APPLICATIONS: Stating relevant professional details, the 
names of at least two referees and quoting reference No A 2241 
should reach: 

The Chief 

CSIRO Divison of Environmental Mechanics 
GPO Box 821 

CANBERRA ACT 2601 

AUSTRALIA 

by four week from date of publication. 

CSIRO 1S AN EQUAL OPPORTUNITY EMPLOYER 






















































(W1584)A 


MARIE CURIE MEMORIAL FOUNDATION 
RESEARCH INSTITUTE 


Post-Doctoral 
Research Scientist 


To join a team working on the role of transforming genes in huma 
malignant melanoma. The project will involve the molecula 
characterization of a recently identified novel oncogene in melanomi 
cells. Preference will be given to applicants with experience i 
molecular biology. Salary will be on the University lecturer scale 
Starting date and other details of appointment are negotiable. 


Applicants should send a C. V. with the names of two referees to 
Dr R.A. Padua, Marie Curie Memorial Foundation Researc'! 
Institute, The Chart, Oxted, Surrey RH8 OTL. Telephone 
Limpsfield Chart (088388) 2306. (5282).A 



































Development Team Leader 


Our clients, ICI Pharmaceuticals, are one of the most respected 
international health care companies. They have recently 
established a Medical Diagnostics Group, and plans are well- 
advanced for the construction of new, purpose-built labora- 
tories, not far from the Pharmaceutical Division at Alderley 
Park in Cheshire. 


As one of the key members of the new Group, we seek a 
Diagnostics Researcher of some scientific and managerial 
calibre. He/she will report to the R & D Manager, work 
closely with him in developing and implementing R & D 
strategy for the Group, and have the responsibilty for a 
sizeable research team of his/her own. 


The position therefore represents an unusual and 
exciting opportunity for an experienced Project Leader 
in Diagnostics R & D to play a leading role in the devel- 
opment and success of an im ant new venture 
backed by the resources of one of our major companies. 


The successful candidate will also: 


@ Define needs for assay technology, antisera, monoclonal 
antibodies and instrumentation- and then implement plans 
for product development. 


Talentmark, 


Leaders in Health Care Recruitment 
















NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
LABORATORY OF MOLECULAR EMBRYOLOGY 


RESEARCH OFFICER 


lications are invited for the post of Research officer on a project to 
dy the control of laminin gene expression in embryonic celis. The 
‘ork will involve recombinant DNA techniques e.g. the construction of 
NA libraries, M13 sequencing and gene transfer, including micro- 
injection. Applicants should have a good degree in a biological science 
or chemistry (or equivalent qualification) plus several years laboratory 
rience preferably including one or more of the above techniques. 
é salary will be in a range of £6,361 - £9,115 per annum, inclusive of 
ndon Weighting dependant on age and qualification. 
Please telephone for an application form quoting reference 
ROLME on 01-959 3666 Ext 221 or write to Mrs P A Wilde, 
rsonnel Officer, NIMR, The Ridgeway, et hae 
































RESEARCH POSITIONS 


hree Post Doctoral and/or Research Associate 
Positions available for studies on 
Novel tissue growth factors. Candidates preferred with experience 
tissue culture, protein isolation. and characterization HPLC, 


aclonal antibodies and hybridoma technology; __ j 
egulation of cell surface receptors. Candidates with a Ph.D. in 













velopmental. and hormonal regulation of gene expression. 

tes with experience in recombinant DNA, cloning sequencing, 

fession vectors and cell transfection studies preferrred. 

mit statement of interest, curriculum vitae and names of 
references to Dr. Henry G. Friesen, Professor and Head 

partment of Physiology, The University of Manitoba, 770 

annatyne Avenue, Winnipeg, Manitoba, R3E ma 











Canada. 
W1283)A 





Medical Diagnostics Research 


Q 


Enzyme Immunoassays 


@ Advise on laboratory facilities and equipment. 


@ Recruit a substantial team including PhDs whose expertise 
is complementary to his/her own skills and experience. 


@ Ensure the effective enhancement of the team's skills by 
keeping abreast of developments in immunoassays/other 
diagnostic techniques, customers’ needs, and current 
activities within the industry. 


For this key post we seek a PhD Immunologist/Clinical 
Chemist/Biochemist, ideally aged 30-35, who has a broad 
knowledge of immunoassay technology linked to the use of 
enzymes. Candidates should also have a good knowledge of 
production, properties and applications of monoclonal anti- 

ies. Well-developed leadership and communication skills 
combined with potential for managerial development are 
also essential. 


In return, our clients offer an excellent remuneration and 
benefits package, in line with the importance of the appoint- 
ment and the company’s reputation. 


Please write in contidence for an application form, or phoneto 
discuss the appointment further before applying: 





















King House, 5-11 Westbourne Grove, 
London W2 4UA. Tel: 01-229 2266. 





James A Edwards, Talentmark Limited, 3 
> 















The Space Research Organization of the Netherlands has 
a vacancy for a position in RESEARCH in INFRARED 
ASTRONOMY at its laboratory for Space Research 
Groningen. 



















The laboratory has made a focal plane instrument for IRAS 
and has actively been involved in the IRAS survey and 
data processing. As a consequence all present IRAS data 
products are available and accessible. IRAS data will be 
further processed in Groningen in '85/'86 to obtain better 
sky maps. 


The position is for two years and can be extended up to 
four years. 

Candidate will be employed by the Netherlands 
organization for the advancement of pure research 
(Z.W.0.). Experience in the field of infrared astronomy is 
required. The salary will be according the Dutch 
government scales for research positions. 





Applications should be sent to the Head of Personnel, 
Bureau SRON, Beneluxlaan 21, 3527 HS UTRECHT, the 
Netherlands and must include a curriculum vitae, alist of 
publications, research plans for the period at the Space 
Research Laboratory and should arrive by March 1, 1985. 
Candidates have to provide the names of two referees. 
Detailed information can be obtained from Dr. Th. de 
Graauw, Laboratory for Space Research Groningen, 
P.O. Box 800, 9700 AV GRONINGEN, the Netherlands. 
Phone 050-116642. 







(W1580) A 









LOUGHBOROUGH 
UNIVERSITY 
OF TECHNOLOGY 


Post Doctoral 


Research Assistant 


Applications are invited for the 
above post on a NERC funded 
roject to investigate the evo- 
lutionary history of the glacial 
relict crustacean, Mysis relicta. 
The project will involve electro- 
phoretic comparisons of popula- 
tions of M. relicta and related 
species. Candidates should be 
graduates with at least three 
years relevant postgraduate 
experience. The post is tenable 
for 18 months, commencing 1st 
February 1985 or as soon as pos- 
sible thereafter, starting salary 
£7,980 p.a. Applications giving 
names of two referees should be 
submitted as soon as possible to 
either Dr R.I. Jones or Dr R.D. 
Ward, Department of Human 
Sciences (Environmental Biology 
Unit), from whom further details 
of the post may be obtained. 
Loughborough Leicestershire 
{5315A 








programme. 


























The Section of Molecular Neuro- 
biology at Yale University School 
of Medicine has a 


POSTDOCTORAL 
POSITION 


available to study the gene(s) 
encoding the MSH (melanocyte 
stimulating hormone) receptor. 
MSH, like ACTH, is a major 
pituitary peptide. Candidates 
should. have experience in 
recombinant DNA technology. 

Send curriclum vitae and 
references to: Dr. Michael R 
Lerner, Molecular Neuro- 
biology, Yale University 
School of Medicine, 333 Cedar 
St., New Haven, Ct. 06510. 

Yale University is an Equal 
Opportunity/ Affirmative Action 
Employer. Women and members 
of minority groups are encour- 
aged to apply. (NW1419)A 
































THE SMITHSONIAN INSTITUTION 


invites.applications for the postion of 


DIRECTOR, NATIONAL MUSEUM 
OF NATURAL HISTORY 
Washington, D.C. 


The museum is responsible for the acquisiton, curation, and preser- 
vation of collections of objects of natural history, archeology, and 
ethnology. As an international research center, the Museum conducts 
basic research in the natural sciences and on the origins and 
development of man. The Museum also develops and presents exhibits 
for public viewing which display the variety of life forms and cultural 
systems that have developed throughout the world. Candidates should 
have a high degree of scholarly attainment and recognition in a field of 
natural science or anthropology; breadth of scientific knowledge and 
understanding; familiarity with academic and research institutions and 
leadership ability. 


Interested applicants should submit a Standard Form 171, 
Personnel Qualifications Statement, and curriculum vitae and 
bibliography by March 1, 1985 to: Office of Personnel Admini- 
stration, Smithsonian institution, Washington, D.C. 20560, 
ATTN: MPA-EX-01-85(N). inquiries may be directed to Dr. David 
Challinor, Assistant Secretary for Science, (202) 357-2939. An 
Equal Opportunity Employer. (NW1411)A 




















Tropical Development 
and Research Institute, London 


Head of the 
Microbiology and 
Fermentation Section 


The TDRI is one of the scientific units of the Overseas Development Administration 
and collaborates with the developing countries to solve agricultural and health problems 
caused by crop pests and disease vectors. This post is based at Grays Inn Road, London but 
will involve overseas postings. : 

You will supervise, plan and evaluate project work, often in collaboration with other 
TDRI Departments and outside organisations. In addition, you will undertake overseas 
assignments concerned with R&D project identification; undertake advisory and training 
activities; and draft project proposals for R&D and the ODA commercial work : 


You must have a good honours degree, or equivalent qualification, in microbiology 
food science or a related subject. You should also have experience of food quality control, 
bacteriology and mycology, microbiology of food preservation and fermentation of 
agricultural products plus a successful record of R&D achievements in some of these areas. 
Experience of working in developing countries would be an advantage. 

Appointment as Principal Scientific Officer; salary £13,095 - £16,975 according to 
qualifications and experience. Includes £1,300 inner London weighting. : 

For further details and an application form (to be returned by 22 February 1985) write ` 
to Civil Service Commission, Alencon Link, Basingstoke, Hants, RG21 1JB, or telephone 
Basingstoke (0256) 468551 (answering service operates outside office hours). 

Please quote ref: S(B)677/2. 


The Civil Service is an equal opportunity employer 


moCientifican 
B Civil Service M 













































BOURN HALL CLINIC 
Bourn, Cambridge 


Reproductive 
Endocrinologist 


Applications are invited from recently qualified Ph.D. students for th 
post of Reproductive Endocrinologist. This is a new post and the perso 
appointed will be required to assist in the day to day clinical work carri 
out by the Endocrinology Department. The appointee will also 
expected to carry out research on topics related to in vitro fertilisa 














Preference will be given to reproductive endocrinologists. with 
graduate experience in ceil culture and hormone receptor studies: 


Prospective candidates may wish to discuss the appointment with 
R. G. Edwards or Dr. C. M. Howles prior to applying. Telephone: 
315955. 


Applications in the form of a curriculum vitae (in triplicate) an 
the names of 3 referees should be sent to Mr. W. Hunter; Bou 
Hall Clinic by 14th February 1985. (5317A. 






CSIRO 


AUSTRALIA 


RESEARCH FELLOW 


CHEMICAL 


OCEANOGRAPHER 
$A25,342 — $A37,274 
DIVISION OF OCEANOGRAPHY 
MARINE LABORATORIES 
HOBART TAS AUSTRALIA 


SIRO conducts scientific and technological research in laboratories 
Gated throughout Australia and employs about 7,500 staff, of whom 
yme 2900 are professional scientists. The Organization's research 
tivities are grouped into five Institutes: Animal and Food Sciences, 
iological Resources, Energy and Earth Resources, Industrial 
echnology and Physical Sciences. The CSIRO Division of 
anography is a member of the Institute of Physical Sciences. 

NERAL: The Division of Fisheries Research and the Division of 
iceanography collectively form the CSIRO Marine Laboratories, which 
ra Australia’s principal marine research institution, employing about 
30 scientists and support staff to investigate the physical, chemical 
nd biological features, including fisheries, of oceans around Australia. 
hemical oceanography currently studied within the Division includes 

esearch in trace metal-organic interactions, lipid chemistry, nutrients, 
rganic geochemistry and chemical tracers of oceanographic 
rocesses. 

TIES: To establish and undertake a research program in Chemical 
ceanography which will complement and expand existing studies. 
‘he appointee will develop interdisciplinary links with other research 
rograms in physical and/or biological oceanography, and will be 
“pected to participate in, or lead, research vessel cruises. 
\UALIFICATIONS: Applicants should have a PhD degree or 

jivalent qualifications in an appropriate field, with demonstrated 
search ability and experience, preferably in the fields of marine 
rganic chemistry, photochemistry or transport processes. Ability to 
ork at sea is essential. 

NURE: A term of 5 years. Australian Government superannuation 
enefits available. 


\PPLICATIONS: Stating relevant personal particulars, 
ncluding details of qualifications and experience, the names of 
t least two professional referees and quoting reference No A 
419 should be directed to: 


SIRO Marine Laboratories 

IPO Box 1538 

OBART TAS AUSTRALIA 7001 
four week from date of publication. 


RO IS AN EQUAL OPPORTUNITY EMPLOYER — (WI575)A 





RESEARCH IN BIOCHEMISTRY 
THE UNIVERSITY OF CALGARY 


e University Biochemistry Group which comprises members of the 
culties of Medicine and Science offers an interdisciplinary 
vironment for graduate and post-doctoral research in Biochemistry, 
Molecular Biology and Biotechnology. Highly qualified students with 
ining in Biochemistry, chemistry, biology or related disciplines may 
é: admitted to programs leading to the MSc and PhD degrees. 
search/teaching assistantships ($8,775.00 to $12,000.00/yr) are 
aillable from the University. Studentships ($12,000.00/yr plus 
,500.00 research allowance) and post-doctoral fellowships 
$22,000.00/yr plus $5,000.00 research allowance) are available from 
3 Alberta Heritage Foundation for Medical Research and may be 
lied for via the University of Calgary. interested individuals should 
a curriculum vitae which includes courses taken and grades 
abtained and a statement of research interests to: 


Dr. F. F. Snyder, Chairman 
Graduate Studies Committee 
University Biochemistry Group 
: The University of Calgary 
: 2600 University Drive N.W., Calgary, 
Alberta, Canada T2N 1N4 
; (NW1421)A 








Palmerston North, 
New Zealand 


PROFESSOR OF 
MOLECULAR GENETICS 
A New Chair 


The University Council invites 
applications from suitably qualified 
persons for the position of Professor 
of Molecular Genetics. This Chair 
will be established within the 
Department of Microbiology and 
Genetics. Applicants should be 
suitably qualifed and be actively 
engaged in research in molecular 
genetics. 


The successful applicant will play 
a key role in the further expansion 
and development of teaching and 
research in Genetics within the 
Science Faculty. The major thrust in 
this expansion will be in molecular 
genetics and gene manipulation. 
The appointee will have an 
opportunity of reviewing the 
existing undergraduate teaching in 
Genetics and of participating in the 
development of graduate courses 
and graduate research. As he/she 
takes up the appointment he/she will 
have the support of three academic 
staff members. Teaching 
commitments will be within the BSc, 
BSc (Hons), MSc and PhD degrees. 
The appointment will be within the 
Department of Microbiology and 
Genetics with Professor D F Bacon, 
Professor of Microbial Genetics, as 
Head of Department. The 
department offers a first year course 
in Cell Biology and a second year 
course in Genetics, both internally 
and extramurally. Two final year 
BSc papers in Genetics will be 
offered internally in 1985. 


The present salary range for 
Professor is NZ$42,354 - $52,899. 


General conditions of 
appointment may be obtained from 
the Secretary General, Association 
of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WC1H OPF; or from the Registrar of 
the University, with whom 
applications close on 28 February 
1985. (W1579)A 


UNITED MEDICAL AND 
DENTAL SCHOOLS OF 
GUY’S AND ST THOMAS’S 
HOSPITALS 


Guy’s Hospital Medical School 


POSTDOCTORAL 
RESEARCH ASSISTANT 


required to work in the Department 
of Microbiology on a CRC funded 
three-year project to determine 
transcripts and translation products 
of human papillomaviruses asso- 
ciated with cancers of the female 
genital tract. Experience of handling 
and cloning DNA and/or working 
with transcriptions and translation 
systems is essential. 


Further information from Dr D J 
McCance (01-407 7600 ext 3649). 
Applications to The Secretary, 
United Medical and Dental Schools, 
Guy’s Hospital Medical School, 
London Bridge, London SE! 9RT, 
quoting Ref: G/MIC/05. (5310A 


NAT 'ONSERV 
~ COUNCIL 


SCIENTIFIC OFFICERS/ 
HIGHER SCIENTIFIC 
OFFICERS 


Applications are invited for Assistant 
Regional Officers (ARO) with the 
Nature Conservancy Council. A 
number of posts are available in 
England, Scotland and Wales. 


These officers represent the NCC 
at a local level. Much of their work 
flows from the Wildlife and 
Countryside Act 1981 and involves 
them in direct contact with 
landowners, farmers and other land 
managers while safeguarding sites of 
high conservation value as Sites of 
Special Scientific Interest. In the 
wider countryside they work directly 
with local authorities (especially 
planning departments), land 
managers, and statutory and volun- 
tary bodies over a wide range of 
nature conservation problems. They 
are involved in carrying out ecol- 
ogical surveys and are expected to 
acquire a detailed knowledge of the 
ecological characteristics and land 
use patterns of the area in which they 
work. 


A current driving licence is 
essential. 


Qualifications: 


SCIENTIFIC OFFICERS 


Candidates should have a degree or 
equivalent in a biological subject, 
geography, geology, agriculture, 
forestry or other subject related to 
land management. 


HIGHER SCIENTIFIC 
OFFICERS 


In addition to the above qualifica- 
tions HSO’s should have at least two 
years post graduate experience in 
these subjects or in conservation, 
land management, ecology and 
planning. 


Applicants should also have the 
capacity to exercise skills in 
negotiating and communicating with 
people. It would be preferrable if 
these skills were gained from working 
experience. For some posts a know- 
ledge of Welsh or Gaelic would be a 
distinct advantage. 


Salary: Scientific Officer: £5909 — 
£8153. Higher Scientific Officer: 
£7435 — £10,039. 


Application forms and further 
details are available from the 
Recruitment Section, Nature 
Conservancy Council, Northminster 
House, Peterborough PEI IWA. 
Closing date for completed applica- 
tion forms is 28 February 1985. 


The Nature Conservancy Council 
is an equal opportunity employer. 
(5295)A 


UNIVERSITY OF 
CAMBRIDGE 


A postdoctoral position funded by a 3 
year MRC project grant is available 
to investigate the molecular biology 
of minor membrane proteins. Appli- 
cations with c v and names of 2 
referees to Drs J P Luzio and C 
Colaco, Department of Clinical 
Biochemistry, Clinical School, 
Hills Road, Cambridge CB2 2QR. 

-(5289)A 






- UNIVERSITY OF 
MELBOURNE 
Australia 







Appointsment in School of 
Physics 


— POSTDOCTORAL 
RESEARCH FELLOW 
(Grade I) Temporary or 
Extendible Tenure 
(closing date: 15 April 1985) 


The Australian Research Grants 
Scheme has funded a Research 
Associateship for work with 
Professor B H J McKellar on the 
project “Weak Interactions”. 


Applicants should have a PhD in 
theoretical physics with a back- 
ground in either physics of nuclear 
structure physics. An appointment 
may be made for up to two years. 

Enquiries should be directed to 
Professor McKellar, School of 
Physics (03) 341 5122. 


POSTDOCTORAL 
RESEARCH FELLOW 
(Grade I) Extendible Tenure 
(closing date: 15 March 1985) 


Applications are invited for appoint- 
ment as a Research Associate in the 
School of Physics to work on two 
ARGS-funded atomic physics pro- 
grams — ‘‘Momentum distributions 
of electrons in inner shells of medium 
and heavy atoms’’, and ‘‘Nuclear 
time delay effects on K-shell ioniza- 
tion probability”. 

The position is tenable for two 
years from date of appointment in 
1985. Applicants should hold a PhD 
in experimental nuclear or atomic 
physics or a related discipline. 
Substantial experience of modular 
electronics and computing is essen- 
tial. 


Further details of the position may 
be obtained from Professor B M 
Spicer on (03) 341 5446. 


Salary: up to $A23,284 per annum 
within the range $21,411 to $24,528 
per annum. A contribution towards 
the cost of travel to and relocation 
in Melbourne may be made to 
an appointee from interstate or 
overseas. 


Further printed information 
regarding details of application 
procedure and conditions of appoint- 
ment is available from the 
Appointments Officer (Academic), 
University of Melbourne, or from 
the Secretary General, Association 
of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. 


Applications should be addressed 
to the Staff Officer, University of 
Melbourne, Parkville, Victoria 3052, 
Australia. (WI1S89)A 





POSTDOCTORAL in Neurotoxicol- 
ogy Research on regulation of AChE 
in developing muscle and nerve, and 
long and short term toxicity of 
organophosphorus esters. Extensive 
use of cell cultures and mutant animal 
models. Recent PhD with experience 
in protein isolation and 


characterization preferred. Immed- 
iately available. Send résumé and 
letters of recommendation to: Dr 
Barry W Wilson, Avian Sciences, 
University of California, Davis, CA 
95616. 


(NW1430)A 





in 1987 the SSRL — part of the National 
Library of Scotiand — will begin to service the 
Scottish scientific and industrial community 
from new, purpose-built accommodation. its 
stock will be formed from the Library's 
existing collections with future intake of legal 
deposit publications, supplemented by foreign 
periodicals transferred from the Royal Society 
of Edinburgh, and by purchase. 

The Director will be responsible for: 
formation of the specialist team required to 
staff SSRL; detailed planning of new accom- 
modation and the transfer of stock; identifi- 
cation and selection of the monograph and 
periodical stock from the Library's collections 
required for SSRL; and creation of standards 
for classification and cataloguing. Later, the 
Director will be responsible for the develop- 
ment of services to readers and the devel- 
opment of computer search services and 
charging policies; the overall planning, 
development and day-by-day administration 
of SSRL; and representing NLS, both nation- 


UNIVERSITY OF ALABAMA 
In Birmingham 


DEPARTMENT OF 
PHARMACOLOGY 


FACULTY POSITIONS IN 
PHARMACOLOGY 


The Department of Pharmacology 


Scottish Science 
Reference Library 


Director 


National Library of Scotland 


Section Head 


































ally and internationally, as its expert in the 3 
promotion and use of the scientific collections. 


Candidates must have a degree in 
science or engineering and must have 
sound management experience at a senior 
level inthe administration of a substantial 
collection of scientific literature. They must 
also have experience of, or a proven interest 
in, information technology and should 
normally have a qualification in librarianship 
or information science. 

SALARY: £16,275 — £20,280. Starting 


salary according to qualifications and 
experience. 


For further details and an application form 
(to be returned by 21 February 1985) write to 
Civil Service Commission, Alencon Link, 
Basingstoke, Hants, RG21 1JB, or telephone 
Basingstoke (0256) 468551 (answering 
service operates outside office hours). 
Please quote ref: G/6442. 


An equal opportunity employer 










Serology 





and the Comprehensive Cancer 
Center at the University of Alabama 
in Birmingham invite applications 
for two tenure-track faculty 
positions. Applicants should have 
postdoctoral research experience and 
have the potential to attract research 
support and to establish an inde- 
pendent research program. Appli- 
cants with an interest and back- 
ground in molecular pharmacology 
focusing on drug-DNA interaction, 
modulation of gene expression and 
mechanisms of drug resistance are 
encouraged to apply. Responsibilities 
include teaching in graduate and 
medical education programs and par- 
ticipation in doctoral and post- 
doctoral training. 


Applications, including cur- 
riculum vitae and plans for future 
research, should be sent to: Dr 
Robert B Diasio, Department of 
Pharmacology and Comprehensive 
Cancer Center, University of Ala- 
bama in Birmingham, Birmingham, 
AL 35294. An Equal Opportu- 
nity/Affirmative Action Employer. 

(NW1428)A 


The Canadian Red Cross Society is seeking a Section Heat 
the Serology Section of the National Reference Labor 
Responsibilities: to manage the Serology Sectio 
provide standardized diagnostic reagents and methods 
cell serology and referral services for the Centres; to con 
research and development to maintain the above. 

















The successful candidate will possess a PhD or equivale 
Biological Science with several years administrative 
supervisory experience. Proof of research ability would b 
asset. 
The Society offers a comprehensive compensation pack 
Applications from outside Canada will be conside 
subject to Canadian immigration requirements. © 


Please submit a résumé to: Director Personnel. 















The Canadian Red Cross Society 


95 Wellesley Street East, Toronto, Ontario M4Y tHE 
(NW1434)A 








PHARMACOLOGIST 





An opening 
















essential. 


Please 
Miss S.J. 


AEDICAL RESEARCH 
~~ COUNCIL 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 


DIVISION OF 
~ PARASITOLOGY 


ications are invited for a 
doctoral position in the 
of Parasitology to work 
Dr C.J.Sanderson for a 
dof three years, funded by 
40. The successful candidate 
ork on the T-cell response to 
nsoni. Experience in T-cell 
ğ techniques would be an 
antage. 

& salary will be in the range 
920 — £10,720 per annum plus 
3 London allowance, with 
innuation provision, 


plications, together with 
riculum vitae, research 
lenence and interests and the 
is. of two professional 
rees should be sent to the 
















































pharmacokinetic and ph 


Horsham, West Sussex 


has arisen for a Pharmacokinetic Pharmacologist to join a small 
group within the Clinical Research department at Horsham. 


The successful candidate will be expected to assist with, and be 
responsible for, aspects of the design, monitoring and analysis of 
amic studies in animals, healthy 
volunteers and selected patient groups. Frequent liaison will be necessary 
with other departments within the Company and with external academic 
and commercial research centres. 


Applicants should be either graduates with a 1st or 2nd class honours 

es a or a recent PhD in pharmacology or a related biological science, 
some relevant research experience. A 

pharmacokinetics will be a pre-requisite 

kinetic studies in animals would be an advantage. An ability to communicate 

well both orally and in writing, together with good inter-personal skills are 


We can offer a competitive salary, together with other terms and conditions 
which one would expect of a leading multinational company. Relocation 
assistance would be given, where appropriate. 
giving brief details of age, qualifications and experience to:— 

; Personnel Officer, e 
Wimbiehurst Road, Horsham, West Sussex 


-` CIBA—GEIGY 


iba-Gei 


UNIVERSITY OF OXFORD 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 
for NMR studies of Proteins 


(Ref: B/R/121) 


A postdoctoral position will be avail- 
able from Ist October 1985 for two 
years (with possible extension to a 
third year) to work with Dr I D 
Campbell on high resolution NMR 
studies of proteins. Excellent NMR 
facilities are available with several 
spectrometers operating at frequenc- 
ies up to 500 MHz. Experience with 
modern 2D NMR methods will be 
preferred but persons with training in 
protein chemistry wishing to learn 
NMR techniques will also be consid- 
ered. The salary will be on the RAIA 
scale £7,520 — £10,330. 


Applications should be made to the 
Administrator, Department of Bio- 
chemistry, South Parks Road, 
Oxford OX1 3QU before Ist March 
1985. 


(S370)A 


working knowledge of 
some experience of drug 


Pharmaceuticals, 
H12 4AB. 




















(6365) 4 


THE INSTITUTE OF 
CANCER RESEARCH 


Applications are invited for 
the post of 


JUNIOR TECHNICIAN/ 
TECHNICIAN 


at the Institute’s Chester Beatty 
Laboratories, Fulham Road, 
London, SW3. The successful candi- 
date will work with a research group 
On projects concerned with 
membrane turnover, the endocytic 
pathway and virus entry. Applicants 
should have previous laboratory 
experience and training in tissue 
culture methods and immunochem- 
istry Salary in range £3,612 — £7,159 
pa, depending on age and qualifi- 
cations, plus London Allowance of 
£1,042 pa. 


Applicants are advised that in the 
majority of the Institute’s premises 
smoking is prohibited. 


Applications in duplicate, with the 
names of two referees to the 
Personnel Officer, Institute of 
Cancer Research, 34 Sumner Place, 
London, SW7 3NU, quoting ref 
301/B/75. (35DA 














MRC INSTITUTE OF 
HEARING RESEARCH, 
Nottingham 


TWO AUDITORY 
PHYSIOLOGISTS 


1) An experienced auditory physiol- 
ogist is required to conduct original 
research and to supervise a well- 
equipped and productive physio- 
logical laboratory. Applicants should 
have an established scientific repu- 
tation and experience of the full range 
of electrophysiological and related 
anaesthetic and surgical techniques 
for work with small animals and of 
realtime computer programming. 
Experience with a wide range of bio- 
logical techniques and histological 
techniques would be an advantage, as 
would experience with animal models 
for specific pathologies of hearing. 


This is a tenured post with a one- 
year probationary period; it will 
begin Ist April 1985 or on a date 
thereafter to be agreed. The appoint- 
ment will be made on the Scientist 
scale Grade H or 1 (£7,520 — £11,205) 
or (£11,675 — £14,925). 

2) A short-term scientific post will 
be vacant from October 1985 for 
a post-doctoral physiologist with 
experience in auditory physiology or 
a very closely related subject. 
Responsibilities will include collab- 
oration with senior staff on projects 
in auditory physiology and related as- 
pects of developmental biology, but 
ample opportunity will be given for 
original work. It is expected that the 
appointment will be made on the 
Grade II scale according to qualifica- 
tions and experience (£7,520 — 
£11,205 per annum). Short-term 
appointments are normally for a 
maximum of 3 years. 


Further details of both posts may 
be obtained from: The Director, 
Professor M P Haggard, MRC 
Institute of Hearing Research, 
University of Nottingham, Univer- 
sity Park, Nottingham, NG7 2RD. 
(Telephone (UK) (0602) 223431), 

(533534 


MEDICAL RESEARCH 
COUNCIL 
NATIONAL INSTITUTE 
FOR MEDICAL 


RESEARCH 
Division of Immunology 


Applications are invited for a 
postdoctoral position in the 
Division of Immunology to work 
with Dr B A Askonas. The 
appointment will be for three 
years, to start as soon as possible, 
to work on aspects of T-cell 
function and immunity to 
respiratory viruses in a mouse 
model system. Experience in 
cellular immunology and tissue 
culture or virus work would be an 
advantage. 












The salary will be in the range 
£8,920 — £10,720 per annum plus 
£1,233 London Allowance, with 
superannuation provision. 


Applications, together with 
curriculum vitae, research 
experience and interests and the 
names of two professional 
referees should be sent to the 
Director, National Institute for 
Medical Research, The 
Ridgeway, Mill Hill, London NW7 
1AA before 20th February 1985, 
quoting ref:IMM/12. (5342A - 













MELBOURNE > 
Protein Biochemist 
(Renin Biosynthesis) 
(Readvertised) 
DEPARTMENT OF PHYSIOLOGY 


(NHMR RESEARCH 
OFFICER) 


Applications are invited for this 
position from graduates who have 
completed a PhD in biochemistry to 
collaborate in a team investigating 
the synthesis, packaging an intra- 
renal functions of renin. The project 
employs the techniques of enzymol- 
ogy, protein chemistry, molecular 
biology, renal physiology and elec- 
tron microscopy and is supported 
under a 3 year grant to Professor TO 
Morgan and Dr S L Skinner (Physio- 
logy) and Professor G Ryan 
(Anatomy). Interested applicants are 
invited to discuss the position with 
any of these investigators and are ad- 
vised to telephone on (03) 341 5846 or 
(03) 341 5830. Initial appointment to 
3ist December 1985 and will be 
renewable. 


Salary in the range $A21,411 — 
$24,528 per annum. 


Further printed information 
regarding details of application 
procedure and conditions of 
appointment is available from the 
Appointments Officer (Academic). 

Applications, in duplicate, includ- 
ing names and addresses of at least 
three referees and quoting Pos 
No 536 A340 should be addressed to 
the Staff Officer, University of 
Melbourne, Parkville, Victoria 3052, 
Australia, and close on 15th 
February 1985, or as soon as possible 
thereafter. (W1590)A 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(Hammersmith Hospital) 
DEPARTMENT OF MEDICINE 


TECHNICIAN/JUNIOR 
TECHNICIAN 


A Technician is required to join the 
Cardiovascular Diseases Unit to take 
part. in a wide range of cardiac 
diagnostic techniques such as Card- 
iac Catheterisation, Echocardio- 
graphy etc and to help in the 
maintenance of equipment. A 
knowledge of basic electronics would 
be an advantage. 


Applicants will be considered 
according to qualification and 
experience, with salary on the range 
£5795 to £8177 plus £1042 London 
Allowance for applicants with 
HNC/TEC level 5, or graduates 
having a degree plus one year relevant 
experience. 


Graduates without relevant 
experience would be considered for 
appointment as a Junior Technician, 
with promotion to Technician after 
one year of satisfactory work. 


Application forms and further 
particulars may be obtained from the 
Personnel Office, Royal Postgrad- 
uate Medical School, 150 Ducane Rd, 
W12 OHS quoting ref: 2/N. 


Closing date: 20 February 1985. 
(5292)A 








MI 


DEPARTMENT OF BIOCHEMISTRY 
AND APPLIED 
MOLECULAR BIOLOGY 


MOLECULAR BIOLOGY 
OF LIGNIN 
BIODEGREDATION 


Vacancies exist for up to three 
Postdoctoral Research Assistants, 
due to the appointment of two pres- 
ent members to lectureships and an 
expansion of the Group, which is 
funded jointly by the AFRC and BP’s 
Venture Research Unit. The interests 
of the Group are in lignin solubiliza- 
tion by white rot fungi and actinomy- 
cete bacteria. A wide range of molec- 
ular genetical, microbiological and 
analytical methods are used, and 
there is extensive collaboration with 
other groups in this excellently 
equipped and interactive depart- 
ment, 


Applicants must have a PhD or 
have submitted their thesis. Relevant 
experience in cell biology (eg 
biochemistry, molecular genetics, or 
microbiology) or chemistry is essen- 
tial, and applicants must be available 
for interview. 


The appointments will be for up to 
three years and the commencing 
salaries will be within the scale £7,520 
— £12,150 per annum. 


Applications, quoting reference 
BIO/12, including a curriculum vitae 
and the names of two referees should 
be sent to Professor Paul Broda, 
Department of Biochemistry and 
Applied Molecular Biology, UMIST, 
PO Box 88, Manchester M60 1QD, 
from whom further information can 
be obtained. (Tel: 061-236 3311, ext 
2119), The closing date is 15th 
February 1985. (5346)A 


MEDICAL RESEARCH 
COUNCIL 
NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 
Division of Microbiology 
Two postdoctoral positions are 
available for periods up to three 
years. An organic chemist is 
required to work on the synthesis 
of substrates and inhibitors of 
enzymes involved in bacterial iron 
metabolism. (Ref: M/3/HRP) An 
interest in peptide or lactone 
chemistry may be an advantage. 
The second position is for an 
enzymologist to characterise 
relevant enzymes (Ref 

M/3/HRP). 

The salaries will be in the range 
£8,920 — £10,720 per annum plus 
£1,233 London allowance, with 
superannuation provision. 
Applications, together with cur 
riculum vitae, research 
experience and interests and the 
names of two professional 
referees should be sent to the 
Director, National institute for 
Medical Research, The Ridge- 
way, Mill Hill, London NW7 1AA 
before 14th February, quoting the 
reference numbers a ove, 





benefits available. 


A 6869 should be directed to: 
The Chief 


PO Box 76 
EPPING NSW 2121 
AUSTRALIA 


THE DEPARTMENT OF 
BOTANY 


OXFORD UNIVERSITY 
TECHNICIAN — GRADE 4 
Salary £6106 — £7024 


Applications are invited for this post 
to assist with sample preparation 
and analysis of biological samples 
using gas liquid chromatography, 
infra red and gas 
chromatogram/mass spectrometry 
techinques. 


The Department will consider 
applications from young persons, 
suitably qualified (at least four 
ʻO’ levels) as Trainee Technician 
for this post. (Salary Scale age 
16, £3173 — age 21, £4462). 


Applications giving a C.V. with 
names and addresses of two referees 
to the Administrator, The Botany 
School, South Parks Road, Oxford 
OXI 3RA by Friday, February 
22nd, 1985. (5304)A 


AUSTRALIA | 
RESEARCH SCIENTIST 


(3 positions) : 
$A32,367 — $A43,941 


DIVISION OF RADIOPHYSICS 
EPPING NSW 


CSIRO conducts scientific and technological research in laborato: 
throughout Australia and employs about 7,500 staff, of whom. so: 
2,900 are professional scientists. The Organization's research activit 
are grouped into five Institutes: Animal and Food Sciences, Biologi 
Resources, Energy and Earth Resources, Industrial Technology al 
Physical Sciences. The CSIRO Division of Radiophysics is a member 
the Institute of Physical Sciences. 
GENERAL: The Division of Radiophysics conducts researc! 
radiophysics and its application to community and industrial probl 
The headquarters of the Division are at Epping in Sydney. The Divis 
also operates the Australian National Radio Observatory at Parkes. 
NSW, and the Solar Radioheliograph at Culgoora, NSW. The Fedi 
Government is funding the construction, by the Division, of a 
radio-telescope array to be known as the Australia Telescope: T 
telescope will include an array of new antennas at Culgoora, a n 
antenna at Siding Spring (near Coonabarabran) in NSW. and 
existing 64 metre antenna at Parkes. The project is scheduled 
completion in 1988, Australia’s bicentennial year. i 
DUTIES: The appointees will undertake research and have leadi 
roles in the development of the signal processing and data reducti 
software and in the development of the receiving and data distributi 
networks for the Australia Telescope. 
QUALIFICATIONS: A PhD degree or equivalent qualifications: 
electronic engineering or other relevant field plus broad resear 
experience, preferably in the design and development of earth rotati 
synthesis arrays in either the L.O. distribution and data distributi 
systems or in observing and data reduction hardware or software. 
LOCATION: The positions are located at Epping, however during t! 
course of construction and future operation of the Australi 
Telescope, the appointees may be required to be located a 
undertake specific duties at either Parkes or Culgoora. 


TENURE: Indefinite with Australian Government superannuatit 


APPLICATIONS: Stating relevant personal particuli 
including details of qualifications and experience, the na 
at least two professional referees and quoting referen i 


CSIRO Divison of Radiophysics 


by four weeks from date of publication. 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 

















































































































University of Wale 





APPLIED CHEMIST! 


RESEARCH ASSOCIA 
(fixed term — one yea 


Postdoctoral to work. speci 
in Chemical and Comput 
Modelling of Speciation Hy 
chemistry. : 
Salary: Within Range 
Research and Analogous: $ 
£7,520 — £12,150 per annum 
Requests (quoting Ref. 
for details and application for 
Staffing Office, PO Box: | 
UWIST, Cardiff CF13XA,. 2. 

Closing date: 28 February 1 
{5327A 








































CSIRO 
AUSTRALIA 


FISHERIES BIOLOGIST 
$A25,342 — $A37,274 
DIVISION OF FISHERIES RESEARCH 
MARINE LABORATORIES 
HOBART TAS AUSTRALIA 


SIRO conducts scientific and technological research in laboratories 
cated throughout Australia and employs about 7,500 staff, of whom 
e 2900 are professional scientists. The Organization’s research 
tivities are grouped into five Institutes: Animal and Food Sciences, 
ological Resources, Energy and Earth Resources, Industrial 
achnology and Physical Sciences. The CSIRO Division of Fisheries 
esearch is a member of the Institute of Animal and Food Sciences. 
ENERAL: The Division of Fisheries Research is a major component of 
CSIRO Marine Laboratories, which is Australia’s principal marine 
arch institution. The Division currently employs about 80 scientists 
support staff at Laboratories in Sydney, Hobart, Perth and 
ane. The Sydney operations will be transferred to new laboratories 
jobart by the end of 1984 and the appointee will be required to take 
uty in Hobart. 
UTIES: The appointee, as part of a team investigating the rational 
«ploitation of Australia’s fishery resources, will be reasonable for the 
jation, planning and execution of research programs investigating 
e@thods to predict outcomes of the application of alternative 
janagement options to various marine fisheries. 
itially, a major contribution will be made to an existing research 
rogram in which the population structure, fecundity, growth, 
ortality and migration of tropical pelagic sharks is under investigation. 
he program is aimed at defining stocks, their population dynamics and 
veloping a predictive model to advise on management options for the 
hery. The appointee will later be expected to devise appropriate 
arch programs on the development and maintenance of other 
heries under investigation by the Division. 
UALIFICATIONS: A PhD degree or equivalent qualification in 
ology or fisheries biology, plus demonstrated research ability, 
eferably with experience in ecological and biological research on 
gic sharks. Ability to work at sea for prolonged periods is essential. 
ENURE: Indefinite with Australian Government superannuation 
enefits available. 
PPLICATIONS: Stating relevant personal particulars, 
uding details of qualifications and experience, copy of 
ademic transcripts, the names of at least two professional 
erees and quoting reference No A 3614 should be directed to: 
b Chief 
RO Divison of Fisheries Research 
O Box 1538 
FAOBART TAS AUSTRALIA 7001 
y four week from date of publication. 
CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER 














































































(W1574)A 


UBLIC HEALTH LABORATORY SERVICE BOARD 
HLS Centre for Applied Microbiology & Research 
EXPERIMENTAL PATHOLOGY LABORATORY 


Junior ‘B’ Medical Laboratory 
Scientific Officer 


-A-graduate in microbiology is required to join a group working on 
athogenic mechanisms in Legionnaires’ disease and other bacterial 
infections. Some experience in bacteriology would be an advantage but 
ig not essential. Duties will include culture and detection of bacteria, 
‘serological techniques and tissue culture. 
Salary on the scale £3612 rising to £4884 at age 21 years. 
National Heaith Service terms and conditions will apply. 
: stiles details can be obtained from Dr R B Fitzgeorge (telephone 0980 
Applications including full curriculum vitae with names and 
ddresses of two referees should be made to Personnel Officer, 
PHLS CAMR, Porton Down, Salisbury SP4 0JG (telephone 
idmiston (0980) 610391. 
‘Please quote Reference No 43 when applying. Closing Date: 15 
| February 1985. (5286) 






















HE FLINDERS — 
UNIVERSITY OF 
SOUTH AUSTRALIA 
SCHOOL OF PHYSICAL SCIENCES 


RESEARCH ASSOCIATE 


Applications are invited for a 
position as Research Associate in the 
school of Physical Sciences. The 
appointee will be engaged in experi- 
mental work on The Surface 
Chemistry of Metals, a project 
supported by the Australian 
Research Grants Scheme. 


Applicants should have a PhD 
degree in surface chemistry or surface 
physics. Experience in the 
application of photoelectron spectro- 
scopy to the study of solids will be an 
advantage. 


















The appointment will be until 
March 1986 in the first instance. 
Further information may be obtained 
from Professor B G Baker. Tel (08) 
275-2228. 


Salary Scale: A$21,411 - 
A$24,528. (An appointee with a PhD 
will not normally be appointed below 
the third level of the scale, viz 
A$22,660) 


Applications, including full 
personal details, details of academic 
record, experience and publications, 
and the names and addresses of at 
least two referees, should be lodged, 
in duplicate, with the Registrar, The 
Flinders University of South 
Australia, Bedford Park, South 
Australia, 5042, by 28 February 
1985, quoting reference number 
RAFEB. Applicants are requested to 
arrange for their referees to forward 
confidential reports direct to the 
Registrar before the closing date. 

(W1576)A 




















UNIVERSITY OF GLASGOW 


DEPARTMENTS OF GENETICS 
AND GEOLOGY 


POSTDOCTORAL OR 
GRADUATE RESEARCH 
ASSISTANT 


Molecular Population Genetics 
of Brachiopods 


A Research Assistant with experience 
in Molecular Biology or Genetics is 
sought to join this NERC-funded 
project which is based on collabora- 
tion between Dr B L Cohen (Genetics 
Department) and Dr G B Curry 
(Royal Society 1983 Fellow, Geology 
Department). 


This joint project sets out to mea- 
sure genetic relatedness using restric- 
tion digest analysis of mt-DNA and 
electrophoretic polymorphism of en- 
zymes in Recent Brachiopods of the 
genus Terebratulina and to relate the 
results to the fossil record and to 
post-Miocene geological events. The 
Research Assistant will be involved 
primarily with the mt-DNA work. 


Salary on the 1A or 1B grades for 
University Research Staff is available 
initially for one year. The starting 
point will depend on age and experi- 
ence. The starting date is negotiable. 





















Please send a curriculum vitae and 
the names of three referees to Dr BL 
Cohen, Genetics Department 
University of Glasgow, Church 
Street, Glasgow, Gil 53S. 


Glasgow’s miles better. (5349)A 













COU 
DEPARTMENT OF ANCIENT 
WOODLAND INVENTORY 


HIGHER SCIENTIFIC 
OFFICER & 
SCIENTIFIC OFFICER 


Applications are invited for the 
above temporary posts. 


Post 1, the project co-ordinator, 
will be a three year contract Higher 
Scientific Officer post, based at 
Peterborough and will be required to 
start ist April 1985. 


Post 2, a surveyor, is for a 
Scientific Officer post on a one year 
contract, in the first instance, based 
either at Peterborough or Edinburgh. 


Candidates should possess a Ist or 
2nd class honours degree in either 
Geography, Biology or Forestry. 
Experience of interpreting air 
photographs and old maps would be 
an advantage. 


Candidates for post 1 should have 
at least 2 years post graduate 
experience and preferably have 
experience of woodland nature 
conservation. 



























A current driving licence is 
essential. 


Salary, depending on age and 
qualifications: Higher Scientific 
Officer £7,435 to £10,039, Scientific 
Officer £5,909 to £8,153. 


Application forms and further 
details of the posts can be obtained 
from Miss B A Meredith, Personnel 
I, Northminster House, Peter- 
borough, to whom completed forms 
shouid be returned by 14th February 
1985. 


The Nature Conservancy Council 
is an Equal Opportunities Employer. 
(5294)A 






























UNIVERSITY OF DUNDEE 
DEPARTMENT OF CHEMISTRY 


“NEW BLOOD” 
LECTURESHIP IN 
PHYSICAL CHEMISTRY 


Applications are invited for the 
above post from candidates under 35 
years of age and with expertise in 
colloid chemistry, heterogeneous 
catalysis of a closely related area of 
chemistry which will enable them to 
make a significant contribution to the 
Department's research effort in 
surface chemistry. 


The appointment will be made on 
the Lecturer scale (currently £7520 — 
£14925) with point of entry 
dependent on the qualifications and 
experience of the successful 
candidate. Superannuation under 
Universities Superannuation 
Scheme. Grant towards removal 
expenses to Dundee. 


Further particulars are available 
from the Personnel Officer, The 
University, Dundee, DD1 4HN with 
whom applications (6 copies, or if 
posted overseas one copy) containing 
full career details and the names of 
three referees should be lodged by ist 
March 1985. 
































Please quote reference EST/ 
(S288)A | 


2/85(5). 















“UNIVERSITY O 
EAST ANGLIA 
NORWICH 
LECTURESHIP IN 
MOLECULAR BIOLOGY 


Applications are invited for the 
above lectureship commencing 
on.1 October 1985. Candidates 
should have a PhD and preferably 
some post-doctoral research 
experience. Preference will be 
given to candidates with 
expertise in gene cloning. Initial 
salary will be within the range 
£7,520 — £9,390 per annum on 
the scale £7,520 — £14,925 per 
annum plus USS benefits. The 
School maintains an active |. 
research programme in a wide 
range of biology and the person 
appointed would be actively 
encouraged to pursue their 
particular research interests. 
However, the Selection 
Committee will also look. for 
possibilities for research 
interaction, either with faculty in 
the School or with scientists in 
the adjacent John Innes Institute 
and Food Research institute. 
Contributions to the teaching of 
undergraduate courses in 
Molecular Biology and/or 
Molecular Genetics will also be 
expected. 


Applications (three copies) 
which should include a full 
curriculum vitae, including 
exact date of birth, together 
with the names and addresses 
of three persons to whom 
reference may be made, 
should be lodged with the 
Establishment Officer, 
University of East Anglia, 
Norwich, NR4 7TJ (telephone 
0603 56161 ext 2126) from 
whom further particulars may 
be obtained, not later than 2 
March 1985. No forms of 
application are issued. 
(5320) A 
























































UNIVERSITY OF GLASGOW 


DEPARTMENT OF MATERIA 
MEDICA 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for the 
position of postdoctoral research 
assistant in the Department of 
Materia Medica to join a group 
studying mathematical and 
statistical aspects of population 
pharmacokinetic and pharmacody- 
namic data analysis. Candidates 
must hold a first degree in 
mathematics, statistics or relevant 
biological science and must have 
had good experience in pharmaco- 
kinetics, relevant mathematics and 
computing. The post, which is 
funded by the Scottish Home and 
Health Department, is available now 
for a period of three years. Salary 
will be on the University 1A scale for 
Research Assistants in the range 
£7,520 to £9,390 pa. 

Written applications with full CV 
(three copies} and the names of two 
referees as soon as possible to Dr B 
Whiting, Department of Materia 
Medica, Stobhill General Hospital, 
. Glasgow, G21 3UW. (Tel 
<- 041-558-0111 Ext 535). Closing date 
Friday 8th February, 1985. (5299A 













«communication skills both orally and in writing. Applicants must have at least three years pos 


and addresses of three referees should be sent by 7 March 1985 to: (5360A -< 










INDUSTRIAL 
BIOTECHNOLOGY | 


Apcel Limited, owned equally by Celitech Limited and Air Products 
Limited, was set up in November 1984 to exploit advances in the field of 
industrial microbiology. This new dynamic company based in Slough, is 
expanding rapidly and is seeking high calibre people for the following 
vacancies — 


GENETICIST — Gram-positive bacteria. Salary from £9,000 


ideally, you should be anewly or recently qualified PhD. You will have 
hands-on experience of the genetic manipulation of Gram-positive micro- 
organisms, particularly of Bacilli. Ref At 


PROTEIN BIOCHEMIST — Salary from £10,000 


Preferably you should have a least 2-3 years’ post-doctoral experience 
and be familiar with the wide range of techniques used in modern analytical 
and preparative protein biochemistry. Ref A2 


“DOWNSTREAM RECOVERY” SCIENTIST — 
Salary from £10,000 


For this challenging post, you'll need tobe a post-doctoral scientist, 
familiar with chemistry and fermentation and be able to apply this 
knowledge to the development and optimization of techniques for the 
recovery of products from fermentation processes. Ref A3 


As a young ambitious company, Apcel has excellent career prospects 
for the right people. You would be in at the start of an exciting new 


venture, with every opportunity for gaining invaluable experience and 
steady advancement. 


Please send a detailed c.v. to Jane Walley, Apcel Ltd., 
244-250 Bath Road, Slough, Berks, SL1 4DY., quoting appropriate 
post reference number. 
















































Commonwealth Secretariat 
Project Officer 


Science Adviser's Office 
£11,448 — £16,872 p.a. 


Aplications are invited for the post of Project Officer in the Science Management and Organisation 
Programme area of the Commonwealth Science Council which is a small inter-governmental ; 
for enhancing scentific and technological capabilities for the development of member countries. The 
person appointed will be responsible to the Adviser for developing, co-ordinating and executing the 
Council's programmes in consultation with expert scientists, and providing scientific an 
technological information at the request of member countries. Some overseas travel is involved 
Candidates who should be citizens of a Commonwealth country m i 
Science degree, a strong interest in science management 





































graduate experience. Experience of science in a developing country and of international scientific 












qualifications and experience, together with the nam: 





Chief Personnel Officer 
Commonwealth Secretariat 
Marlborough House, Pall Mall, London SW1Y SHX 
Telephone: 01-839 3411 












CSIRO 
AUSTRALIA 


RESEARCH FELLOW 


PLANT VIROLOGY 
$A25,342 — $A37,274 


DIVISION OF PLANT INDUSTRY 
CANBERRA ACT 


SIRO conducts scientific and technological research in laboratories 
located throughout Australia and employs about 7,500 staff, of whom 
2,900 are professional scientists. The Organization’s research 
ities are grouped into five Institutes: Animal and Food Sciences, 
logical Resources, Energy and Earth Resources, Industrial 
nology and Physical Sciences. The CSIRO Division of Plant 
stry is a member of the Institute of Biological Resources. 
SIRO Division of Plant Industry conducts research on problems 
mental to plant biology and agricultural production. One of the 
on's programs involves research on plant viruses. It includes the 
lopment of techniques for the detection of virus diseases in 
stralian crop and pasture plants and their use in surveys of the 
idence of thise diseases. A new facet in the research is a project 
ported by the Wool Research Fund of the Australian Wool 
‘poration, which involves development of techniques for the 
fection of two as yet unidentified virus (or virus-like) diseases of 
rranean clover, an important pasture legume. 
TIES: To undertake research on the identification and 
cterisation of the pathogens of two virus diseases of subterranean 
and to develop diagnostic probes for their detection. 
UALIFICATIONS: A PhD degree of equivalent qualifications with 
levant research experience in plant virology. Experience in the use of 
niques of molecular biology would be an advantage. 
NURE: A term of three years with Australian government 
erannuation benefits available, 
PPLICATIONS: Stating relevant personal and professional details, 
mes of at least two referees and quoting reference No Y8677 
Id be directed to: 
he Chief 
IRO Divison of Plant Industry 
PO Box 1600 









































r weeks from date of publication. 
RO 1S AN EQUAL OPPORTUNITY EMPLOYER 
(W1583)A 




























_ PUBLIC HEALTH LABORATORY SERVICE 


~= CENTRAL PUBLIC HEALTH LABORATORY, 
COLINDALE 


SENIOR MLSO 


pplications are invited for the following newly created posts of 
enior Medical Laboratory Scientific Officer in the Division of 
licrobiological Reagents and Quality Control, which is shortly 
‘move to the new Central Public Health Laboratory complex, 
olindale. 

1. Ref MD3 To assist in the development, production and 
haracterisation of monoclonal antibodies. 

2. Ref MD4 To assist in the development and production of 
ISA kits for the diagnosis of viral infections. 

«MD5 To assist in the development of bacterial diagnostic 
sts and reagents. 

pplicants are expected to have completed the Special 
amination of the Institute of Medical Laboratory Sciences, in 
e relevant discipline. Further information can be obtained 
om the Head MLSO, Mr Danvers, on 01-205 7041 Ext 279/280. 
Whitley Council terms and conditions apply. Outer London 
Veighting payable. 

Application forms and Job Descriptions are available 
m the Personnel Department, Central Public Health 
aboratory, 175 Colindale Avenue, London NW9 5HT. 
‘losing date for applications is 28th February, 1985. 
(5332)A 








POSTION AVAILABLE 


San Antonio, Texas — Director of 
Dental Research and the Center for 
Oral Health Research, The Univer- 
sity of Texas Health Science Center 
at San Antonio Dental School. 
Academician/scientist to fill position 
in an innovative and expanding 
dental school research program. 
Responsibilities include organi- 
zation, coordination and assistance 
in the development of inter- 
disciplinary basic science, clinical 
science, behavioral science, and 
health economic research programs, 
in conjunction with the development 
of a Center for Oral Health Research. 
The position also offers an 
opportunity to develop independent 
research activities. DDS, MD and/or 
PhD required. 


Send curriculum vitae to Dr 
Richard Carr, Dental Dean’s Office, 
7703 Floyd Curl Drive, San Antonio, 
Texas 78284. The University of Texas 
Health Science Center is an equal 
opportunity/affirmative action 
employer. (NW1424)A 







































INSECT SYSTEMATIST 


Royal Ontario Museum, Department 
of Entomology, 100 Queen’s Park, 
Toronto, Ontario, Canada MSS 2C6. 
Tenure-stream position available at 
Associate or Assistant Curator level. 
PhD with substantial research, field, 
curatorial and communication 
experience. Starting June 1985, nego- 
tiable. Application deadline 31 
March 1985. 


Write for further details to Search 
Committee, c/o Dr G B Wiggins. 
(NW1413)A 



















UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF PHYSIOLOGICAL 
SCIENCES 


POST-DOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for a post- 
doctoral research associate to study 
basic mechanisms of gastric mucosal 
protection. The project will investi- 
gate the role of plasma membranes in 
gastric mucosal protection, by a 
systematic study of their functional 
properties in virto, and their 
resistance to digestive degenerative 
conditions. The post is funded by the 
MRC and is available immediately. 
Applicants should posses a PhD and 
preference will be given to candidates 
with a strong background in mem- 
brane biochemistry/physiology. 


The position is available for 3 years 
and salary will be at an appropriate 
point on the Research IA Scale 
(£7,520 — £12,150 pa). 

Applications, including car- 
riculum vitae and the names of 3 
referees, should be sent by not later 
than 21st February 1985 to Dr B H 
Hirst, Department of Physiological 
Sciences, University of Newcastle 
upon Tyne, The Medical School, 
Framlington Place, Newcastle upon 
Tyne, NE2 4HH, from whom further 
particulars may be obtained. (Tel 
0632-328511, Ext 2993).  (5328)A 


































DENTAL SCHOOLS 
Paediatric Research Unit — 
Guy’s Campus 


HUMAN MOLECULAR 
GENETICS 


The Unit has built up a group of 
about 12 closely related topics, in the 
application of DNA techniques to 
understanding human genetic 
diseases. Applications are now 
invited for two posts: 


(1) A Graduate or Postdoctoral 
Research Assistant to join a group 
exploring the applications of recom- 
binant DNA to the diagnosis of 
genetic diseases, with particular 
emphasis of X-linked muscle diseas- 
es. Eventually the person appointed 
will be expected to assume responsi- 
bility for producing results to enable 
patients to take important personal 
decisions. 


(2) A Graduate Research Assistant 
to participate in an MRC funded pro- 
ject to investigate the molecular 
genetics of multigene families 
encoding glycolytic enzymes in man. 
Experience of DNA cloning and se- 
quencing techniques and/or express- 
ion studies in eukaryotic cells would 
be an advantage. 


These two posts will be for a period 
of three years. Initial salary for (1) in 
the range £6,600 — £8,920 per annum 
plus £1,233 per annum London 
Allowance; and for (2) £6,600 per 
annum plus £1,233 per annum 
London Allowance. 


Applications, containing .cur- 
riculum vitae and the names of two 
referees, should be sent to the 
Administrative Assistant, The Prince 
Philip Research Laboratories, Guy’s 
Hospital Tower, London SEI ORT. 

(5344)A 


UNIVERSITY OF GLASGOW 


DEPARTMENT OF NATURAL 
PHILOSOPHY 


POST-DOCTORAL 
RESEARCH ASSISTANT 


Applications are sought for a PDRA 
to joina scientific group using amuch 
extended VG HBS scanning trans- 
mission electron microscope to 
undertake research on beam- 
specimen interactions and their sub- 
sequent applications. Investigations 
currently in progress involve micro- 
characterisation of amorphous, 
ferromagnetic, semiconductor, 
ceramic and biological materials. The 
successful applicant will be involved 
in some of these projects as well as 
helping to run the facility. Experience 
in one or more of the following would 
be an advantage:— electron micro- 
scopy, UHV technology, electronics, 
micro/minicomputers. 

The post, supported by SERC, will 
be held for amaximum of three years. 
The salary will be on Range IA of the 
Research and Analogous Staff scale 
and initial placement will depend of 
age and experience. 

Applications, giving the names of 
two referees, should be sent by March 
7th, 1985, to Professor R P Ferrier, 
Department of Natural Philosophy, 
The University, Glasgow G12 8QQ, 
from whom further details are 
available. (S350). 

















The advanced method for peptide synthesis: 
Pre-formed Symmetric Anhydrides g» ; pay 


Fast, Economical, High Yields 


The Model 430A Peptide Synthesizer con- 
sistently delivers unprecedented efficiency 
and economy. It is the first automated instru- 
ment-reagent system that optimally forms 
t-Boc amino acid symmetric anhydrides. 

Symmetric anhydrides eliminate or 
suppress random and most non-random 
coupling failures. In addition, faster, more 
economical syntheses are achieved because 
the need to do double couplings for most 
amino acids is eliminated. 

High stepwise yields are routine; com- 
plete cycles take less than an hour and typi- 
cally consume less than 250 mL of reagents. 





The Model 430A Peptide Synthesizer delivers consistently higher 
vields of far purer crude product at a substantially lower cost 
per cycle than instruments employing conventional methods 
which are not optimized for each amino acid. 


Unique, Optimized Chemistry 

Each protected amino acid, sealed in pow- 
der form in an individual cartridge, is dis- 
solved and activated automatically just 
before coupling. All functions of the synthe- 





sis cycle are uniquely specified for the various 
amino acids. The Model 430A is available 
with three reaction vessels for sequential 
syntheses of different peptides. 


Easy, Touchscreen Control 

The Model 430A is simple to operate with 
its touchscreen control, yet can accommo- 
date multiple methods for the experienced 
peptide chemist. There is no computer lan- 


Peptide Sequence Edi- 
tor—one of the conve- 
nient touchscreen 
menus that provides the 
user with complete con- 
trol, plus the flexibility to 
modify existing protocols 
or write new ones to 
accommodate different 
pre-activation methods 
including FMOC. 


yy saa 


guage to learn—no complicated control panel 
or keyboard to master. Pre-programmed 
algorithms automatically integrate each syn- 
thesis cycle for the shortest time, even when 
new protocols are created. 


A Complete Instrument-Reagent System 
High purity PAM and BHA resins, and a full 
line of quality amino acids, reagents and 
solvents are integral components of the 430A 
system for consistently superior perfor- 
mance. Complete user support includes the 
assistance of Applied Biosystems scientists 
and a worldwide network of trained service 
engineers. 


For More Information... 

Contact your local Applied Biosystems rep- 
resentative, one of the offices listed below 
or circle reader service number 08. 


APPLIED BIOSYSTEMS, INC., 850 Lincoln Centre Drive, Foster City, CA 94404 + (800) 874-9868 « In California (800) 831-3582 Telex: 470052 
IN EUROPE: APPLIED BIOSYSTEMS GMBH, Bergstrasse 104, D6102 Pfungstadt, West Germany * 06157-6036 Telex: 4191746 





Beth et 


At GIBCO, we're dedicated to help 
reduce culture artifacts and p 
laboratory results that are public: 
quality. To learn more about our 
broad selection of liquid media, ¢ 
or write for our new liquid medii 
brochure. 


For In Vitro Diagnostic Use, 








Pfizer Central Research is part of a multi-national organisation 
engaged in the research, development, manufacture and marketing 
of a wide range of products. In our modern, well-equipped and 
recently extended laboratories at Sandwich on the Kent coast over 
550 scientists and supporting staff are engaged in the discovery and 
development of novel compounds for use in human and veterinary 
medicines. 


Graduate Pharmacologist 


An opportunity has arisen for someone with a wide-ranging interest 
in pharmacology to join a section responsible for evaluating the 
broad biological profiles of potential candidates for development as 
drugs. The work will involve a wide range of IN VITRO and IN VIVO 
pharmacological preparations and include the detailed investigation 
» Of unusual and/or unanticipated pharmacological or biochemical 


PHARMACOLOGICAL ANI 
BIOCHEMICAL RESEARC 


actions. 





MEDICAL RESEARCH 
COUNCIL 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 


DIVISION OF 
PARASITOLOGY AND 
MICROBIOLOGY 


A postdoctoral research scientist 
is required to collaborate in a 
WHO-funded joint project in the 
Divisions of Parasitology and 
Microbiology. The project entails 
investigation of the structure and 
sequence homologies of the 
nuclear and mitochondrial DNAs 
of malaria parasites. Expertise in 
recombinant DNA techniques 
and/or molecular genetics of 
mitochondria is desirable. The 
post is tenable for three years. 
The salary will be in the range 
£8920 - £10720 per annum plus 
£1233 London allowance, with 
superannuation provision, 
Applications, together with 
curriculum vitae, research ex- 
perience and interests and the 
names of two: professional 
referees should be sent to the 
Director, National Insitute for 
Medical Research, Mill Hill, 








London NW7 1AA before 28th 


February 1985, quoting 
| reference PM/ 2/ W. (5363)A | 

















We are looking for a self-motivated person with a wide knowledge of 
pharmacology who is capable of co-operating and communicating 
with multi-disciplinary project teams. A genuine interest in and 
commitment to practical work and the ability to pursue 
any compound induced effects observed are essential. 
The minimum qualification is an honours degree in 
pharmacology and while the post would not be suitable 
for someone with a PhD, 2 to 3 years’ post-graduate 
industrial research experience would be an advantage. 


KIEL UNIVERSITY, 
F R Germany 
Department of Geological 
and Paleontological Sciences 


FULL PROFESSOR (C 4) 
for General Geology 
with emphasis on 
Marine Geology 
(former position of 
Prof E SEIBOLD) 


We are looking for a scientist with 
broad research. activities in 
marine geology. Teachin 
responsibilities comprise genera 
geology and marine geology. 
The Department of Geologica! 
and Paleontological Sciences is 
actively engaged in several 
national and international marine 
projects. In addition, there is 
ample opportunity for interdis- 
ciplinary cooperation with other 
institutes such as the Institut fiir 
Meereskunde and the Institut für 
Geophysik of Kiel University. 
Salary will be in accordance with 
qualification, experience, and 
international standards. 
Applications should be submitted 
to: Dekan der Mathematisch 
Naturwissenschaftlichen 
Fakultät, Christian-Albrechts- 
Universitat Kiel Gisheusenstralte : 
iel 1. 


G 


Closing dats for applications is 15 
April 1985. . {W1588)A 











Graduate Biochemist 


We need an honours graduate in biochemistry to join a departme: 
working in the field of infectious disease therapy. In addition to 
running routine biochemical assays, the work will involve the.” 
initiation of research into the basic biochemistry of the projects ar 
some method/assay development. 





























We are Jooking for a self motivated person who is capable of taki 
responsibility for part of the screening load in the laboratory an 
following up primary results on their own initiative. The ability t 
work independently as well as interactively with other members 
the team is essential. Post graduate experience in e.g. microbio 
tissue culture/immunology while not essential would be consider 
an advantage. 





















These appointments offer challenging work in a stimulating 
intellectual environment, a competitive basic salary, with an 
attractive bonus scheme related to personal performance, gener 
assistance in relocating to an attractive semi-rural area of coastal. 
Kent, flexible working hours and an active sports and social club 
first class amenities. 


























Piease write in confidence, quoting reference (N2), giving 
details of career to date to: Mr. D. O'Callaghan, Pfizer Ce 
Research, Ramsgate Road, Sandwich, Kent, CTI119NJ. 

bear 















































Postdoctoral 
Research Scientist. 

in 3 
Molecular Biology 


The Walter and Eliza Hall Institute of Medical Research is associa 
with the University of Melbourne, Melbourne, Australia, and the Ro! 
Melbourne Hospital. The major fields of study of the Institute: 
Cellular Immunology, Oncogenesis, Hemopoiesis, Clini 
immunology, Transplantation and Immunoparasitology. Mod 
cellular, biochemical and recombinant DNA techniques are in use a 
these major areas. 










The Institute is seeking a Molecular Biologist to investigate 
molecular events which follow T cell recognition of antigen, oncoge 
transformation of antigen-specific peripheral T cell lines a 
hybridization of normal cells to malignant T cell lines. 








it is advisable but not essential for candidates to have postdoct 
experience in cell biology. The position offered is for a minimum of thi 
years with possibilities for prolongation and for promotion after ha 
time. 








Applicants should submit a full curriculum vitae, a statement o 
research activities and interests and the name of 3 referees to: 
Dr J.F.A.P, Miller, Head, X 
T cell biology Unit, - 
Walter and Eliza Hail institute of Medical Researc 
P.O. Roya! Melbourne Hospital, 
Victoria 3050, Australia. 











Transia, 


iotechnology firm located in Lyon has a vacancy for a: 


BACTERIOLOGIST 


@ functions of this position includes the responsibility of a 
earch unit. 
is research unit, with a bacteriological orientation, will study 
icro-organisms with respect to antigenic sites and cellular 
zymatic activities, using relevant modern biological 
chniques in relation with other research groups. 
w research performed at Transia is of a particularly high 
andard. 
ë candidate should have a Ph.D with a post-doctoral 
perience of at least 3 years and have excellent knowledge of 
ctericlogical taxonomy and biochemistry along with practical 
‘perience of semi-industrial fermentation processes. Previous 
business oriented experience is an asset. A good command of 
e English language is required and at least a will to learn 
ench. Compensation is attractive. This is a position for career 
elopment. 
nsia was founded by outstanding French industrial firms and 
nks to develop applied biology for the food industry. 
Itapplications will be treated in absolute confidence and 
ould be sent with a résumé and photo to: 
Dr M. Bonneau 
Director of Research 
Transia 
119, Avenue de Saxe 
69003 Lyon 


France (W1594)A 


LANCASHIRE POLYTECHNIC 
AT PRESTON 


School of Applied Biology 


LECTURER II 
in BIOLOGY 


plications are invited for the above post in the School of Applied 


ogy. 
applicant will be expected to teach on the B.Sc. Combined Studies 
iochemistry (including microbiology), the B/TEC HND in Applied 
ogy, which has biochemical, microbiological and biotechnology 
tS, and on other courses, It is expected that the appointee will have 
search experience in the area of microbial physiology, and be familiar 
th fermentation technology. A knowledge of plant tissue culture 
ethods would also be of advantage 
alary Scale: Lecturer Hl: £7548 to £12099 
pplication forms and further details, quoting reference 
umber AA/ 187 are obtainable from the ersonne' Office, 
ncashire Polytechnic, Preston PR1 2TQ. Tel. 262027. 
losing Date for receipt of completed spuiications: Sth February 


BIOTECHNOLOGISTS! 


_ What's going on in the world's fastest- 
_ growing scientific discipline? 

To find out, send for a sample copy of 
~ BIOTECHNOLOGY, the Intemational 


-Monthly for Biology and Industry, to 
Felicity Parker, Macmillan Joumals, Houndmills, 
mans, Hants, RG21 2XS, UK 


Paul Siman, Bio/Technology, 15 East 26th St., New 
York, NY40010, USA 





Laboratory of Molecular 
Biology, Cambridge 


RESEARCH ASSISTANT 
Applications are invited from 
Biochemical graduates with at least 3 
years’ research experience to work in 
a small research group with Dr 
Richard Henderson. The research is 
currently directed towards under- 
standing the structure of membrane 
proteins (Lactose permease and 
bacteriorhodopsin). Candidates 
should be familiar with biochemical 
methods involved in the pruification 
and handling of membrane proteins, 
and would be expected to do most of 
the biochemistry of the group. 


The post is available for 3 years and 
the salary will be in the range 
£7,520-£13,120, Further information 
from the Assistant Director 
(Cambridge (0223) 248011). 


Applications — including a full CV 
and the names of two professional 
referees — should be sent by (3 weeks 
after appearance), quoting reference 
BL/5 to: The Assistant Director 
(Administration), MRC Laboratory 
of Molecular Biology, Hills Road, 
Cambridge CB2 2QH. (5314A 


PROTEIN CHEMIST 


Must have several years of experience 
in purification of proteins and pep- 
tides. Competitive salary, based on 
experience. 


Send CV and references to: 
Employment Manager, Human 
Resources Department, Children’s 
Hospital of San Francisco, 3700 
California Street, SF CA 94118. 
EOE. (NW1349)A 


UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF METALLURGY 
AND MATERIALS SCIENCE 


ALLIED RESEARCH 
FELLOW 


A metallurgist, or someone trained 
in a related discipline, with PhD or a 
suitable combination of qualifica- 
tions and experience, is sought to 
undertake a series of collaborative 
research and development projects. 
This post represents a close liaison 
between the activities of the Depart- 
ment of Metallurgy and Materials 
Science at University College and 
Allied Steel and Wire Limited. 


This post should appeal to 
someone interested in a research 
career in the academic or industrial 
worlds. In the first instance the post 
is available for 3 years starting in 
the Spring of 1985. Salary within 
Research Range 1A £7,520 — 
£9,390 per annum. 


Further details concerning this 
post may be obtained by telephone 
from Professor Brian Ralph (0222 
44211 Ext 7003) Applications, 2 
copies, together with the names and 
addresses of two referees, should be 
forwarded to the Establishment 
Officer. University College, PO Box 
78, Cardiff CFI EXL. Ref 2902. 

(5309)A 


INDIANA UNIVERS 
Bloomington i 
DEPARTMENT OF BIOLOGY | 


POSTDOCTORAL 
OPPORTUNITIES IN 
BIOLOGY 


The Department of Biology and the 
Institute for Molecular and Cellular 
Biology regularly have openings for 
postdoctoral fellows to work with 
faculty on externa! jly funded research 
projects and to teach within the 
department. The department and the 
institute have strong programs in 
genetics, microbiology, molecular, 
cellular and developmental biology, 
plant sciences, and organismal 
ecological and evolutionary biology. 
Individuals wishing to have more 
information about these opportu- 
nities or to apply for positions which 
may become available should write 
to: Postdoctoral Opportunities, 
Department of Biology, Indians- 
University, Bloomington, IN 47405. 


Applicants should include a 
résumé, a list of current publications, 
and the names, addresses, and phone 
numbers of their references. Indiana 
University is an Affirmative Action/ 
Equal Opportunity Employer. 

(NW1425)A 


UNITED MEDICAL AND 
DENTAL SCHOOLS ” 
Guy’s Campus 


LABORATORY 
SCIENTIFIC OFFICER 


required for Unit for Metabolic: 
Medicine at Guy’s. Post involves 
organisational/admin duties for 
multicentre study of diabetic kidney 
disease; general laboratory and 
immunoassay experience desirable. 
Appointment will be for two years in 
first instance. 


Applications, with CV and details 
of qualifications and experience, and 
names of two referees, to Staffing 
Officer, UMDS, Guy’s Hospital 
Medical School, London SE1 9RT, 
Ref: G/UMM/23. (5296)A 





UNIVERSITY OF DUNDEE 


DEPARTMENT OF 
PHARMACOLOGY & CLINICAL 
PHARMACOLOGY 


RESEARCH ASSISTANT 


A research assistant is required to 
examine the influence of inhibitors of 
amine oxidase enzymes upon the 
vascular effects of biogenic mono- 
amines. The post, which is supported 
for 2 years by an MRC project grant 
to Dr G A Lyles, is available 
immediately but consideration would 
also be given to candidates available 
to start by July 1985. Applicants 
should possess or expect to obtain a 
good Honours degree in Pharma- 
ecology or a related subject. 

Experience in working with isolated 
vascular pharmacological prep- 
arations would be useful. Starting 
salary (Range IB) will be £6600 and 
the successful candidate will be given 
the opportunity to register for a 
higher degree. 


Applications including curriculum 
vitae and the names of 2 referees 
should be sent by 14th Feb 1985 tothe 
Personnel Office, The University, 
Dundee DD1 4HN. Please quote Ref. 
EST/$51/85J. (5287)A. - 








UNIVERSITY OF 
CALIFORNIA 


Cooperative Extension 


EXTENSION 
ENTOMOLOGIST 


Riverside Campus 


An academic career track appoint- 
ment, subject to administrative re- 
view of position and incumbent’s 
performance prior to end of three- 
year period. 

Identify and provide effective, 
safe, and economical solutions to in- 
sect, mite, and other invertebrate 
pest problems on ornamental, 
including floral and foliage plants, 
outdoor nursery crops, urban hor- 
ticulture, and turfgrass, emphasizing 
the use of pest management 
principles. Provide leadership in 4-H 
entomology. Assure affirmative 
action in development and delivery of 
programs. Graduate education in en- 
tomology or closely related field plus 
exp. Salary in Associate level rank. 
Contact Coop Ext. Personnel, Univ 
of Calif, Berkeley 94720, 415/ 
644-4320. Closed 3/29/85. Refer 
to A-84-188, 

Affirmative Action/Equal Oppor- 
tunity Employer M/F/H. 

(NWI416)A 








CANCER/MOLECULAR 
PATHOLOGIST. Faculty position 
at associate or full professor level in 
Department of Pathology. Primary 
responsibility: develop and lead 
active research program/cancer 
biology. Close collaboration with 
basic science and clinical depart- 
ments now establishing a major 
Cancer Center Program is expected. 
Generous research space, technical 
support, and funds available. 
Applicants. with MD or equivalent 
degree and established record of 
research in cancer should apply by 
March 31, 1985. Submit curriculum 
vitae to: Chairman, Search Com- 
mittee (Cancer Biology), Department 
of Pathology and Laboratory 
Medicine, University of Cincinnati 
Medical Center, 234 Goodman 
Street, ML 529, Cincinnati, Ohio 
48267-0529. Affirmative Action/ 
Equal Opportunity Employer. 
(NW1431)A 





UNIVERSITY OF 
BIRMINGHAM 


FACULTY OF MEDICINE AND 
DENTISTRY 


CLINICAL GENETICS 


A vacancy exists in the above 
department for a Research Associate 
to work on aspects of mental retar- 
dation. The successful candidate will 
join a team which has been studying 
the cytogenetics and a prevalence of 
the fragile X syndrome and wishes to 
expand further to include a study of 
the gene at the DNA level. 


Salary £6600 - £8920 (plus super- 
annuation) for two years. 


Further information from the 
Assistant Registrar, Medical School, 
Birmingham B15 2TJ, to whom 
applications (three copies) must be 
sent by 21 February 1985. Quote 
os reference RA/CG/TWS. (S358)A 







POSTDOCTORAL POSITION 


Available immediately or July 1. To 
study the structure and function of 
different collagen types in cartilage 
or skeletal muscle. PhD in Cell 
Biology or Biochemistry preferred. 


Send curriculum vitae plus names 
of two references to Dr Richard 
Mayne, Department of Cell Biology 
and Anatomy, University of 
Alabama at Birmingham, University 
Station, Birmingham AL 35294. 
The University of Alabama at 
Birmingham is an equal opportunity 
employer. (NW 1427)A 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(Hammersmith Hospital) 
DEPARTMENT OF IMMUNOLOGY 


JUNIOR TECHNICIAN 


Applications are invited for a Junior 
Technician post in the Department of 
Immunology. The work involves the 
detection of autoantibodies and 
immunological function tests in a 
wide variety of diseases. This post is 
funded by the NHS and offers 
laboratory training in clinical 
immunology. 


Salary: £3648 to £5085 depending 
on age and experience with £1042 
London Allowance a year. 


Application forms and further 
particulars may be obtained from the 
Personnel Office, Royal Postgrad- 
uate Medical School, 150 Ducane 
Rd, W12 OHS quoting ref 21/ 
230/N. (5293)A 


Smith Kline - RIT s.a. __ 


SMITH KLINE-RIT RIXENSART, BELGIUM 


VACCINE DEVELOPME 
MANAGER...) | 


Applications are invited for a new position in the Animal Health 


This collaborator will be responsible for: eh 

CJ in vitro development of new viral and bacterial vaccines; 

O interfacing between R & D and production; 

C) assisting the R & D Director in assessing opportunities for techno 


know-how purchases. 


Candidates should have a Ph .D degree and/or an industrial experience in the 
field of fermentation technology and mass ċell culture production. 


A working knowledge of French would be an asset. 
Salary will be according to age, qualifications and experience. 
The laboratories are located 15 km to the South East of Brussels in pleasant 


surroundings. 


Please write with detailed c.v. to the attention of J.P. Dembour, 
Human Resources Manager, rue du Tilleul 13, 1320 Genval, Belgium. 


MAYO CLINIC AND 
FOUNDATION 


SYNTHETIC ORGANIC 
CHEMIST 


to work in the area of vitamin D 
synthetic chemistry and the charac- 
terization of newly isolated vitamin D 
metabolites. 


Contact Dr R Kumar, 5-164 W 
Joseph, Mayo Clinic and Found- 
ation, Rochester, MN 55905 or call 
collect 507-285-4300. An equal 
opportunity/affirmative action 
institution, (NW1399)A 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF IMMUNOLOGY 


TECHNICIAN GRADE 3 
to join a team investigating the 
specificity of human autoantibodies. 
The work will involve procedures 
including ELISA, affinity chromato- 
graphy and monoclonal antibodies. 


Candidates must possess ONC or 
appropriate equivalent as minimum 
qualification and three years appro- 
priate experience. 


Post available for one year in first 
instance. 


Salary within range £5,399 — 
£6,911 per annum. 


Application forms may be 
obtained from the Registrar, the 
University, PO Box 147, Liverpool, 
L69 3BX. 


Quote ref: RV/943/N. (5310A 
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MEDICAL RESEARC 
COUNCIL > 


NATIONAL INSTITU 
FOR : 
MEDICAL RESEARC 
Laboratory of | 
Molecular Embryolo: 


Applications are invited for 
postdoctoral position to initia 











yars experience in recombi 
NA techniques, includin 
construction of genom 
cDNA libraries, and be inter 
in collaborating with Or B 
- Hogan's group in the cons 
tion and analysis of tra 
mice. The institute 
excellent facilities and o 
ities for collaboration with gr 
studying developmental 
lems at both a molecular and 
ular level. is 


The appointment will be fo 
years and the salary will b 

appropriate point on the: $ 
for University non-clinic 
academic staff, plus £1 

London allowance and 
annuation provision. 


Applications, giving full cu 
ulum vitae, research experie 
and the names of two. pret 
sional references, should 
to the Director, National Insti 
for Medical Research, Mi 
NW7 1AA before 28th. Feb: 
1985, quoting Ref: ME ae 


















































‘the international journal of science 
seeks a 
LOCUM PHYSICAL SCIENCES EDITOR 


his is a short-term appointment, beginning as soon as possible, fora 

iod of six months: Duties will consist of refereeing manuscripts in 
he physical sciences submitted to Nature, making recommendations 
n publication within the framework of the agreed editorial policy and 
sntributing suggestions on topics in the physical sciences that might 
tribute to the interest of Nature to its readers. 


ssential requirements: first-hand research experience in physical 
lances, wide interests, flexibility. 


appointment would suit an academic scientist on secondment or 
batical. 


‘plies by 8 February with full curriculum vitae to the Editor, 
lature, Macmillan Journals Limited, 4 Little Essox. Stront, 
) {5271A 


Workshop on 


NEURONAL MEMBRANES AND DEVELOPMENT 
; Institut D'Etudes Scientifiques 


Cargese, Corsica May 13-17, 1985 


eakers: F. Bonhoeffer, M. Burger, G. Edelman, G. Gerisch, C. 

man, C. Goridis, A. Gorio, F. Jacob, M. Jacobson, D. Monard, 
Nirenberg, P. Patterson, K. Pfenninger, A. Prochianz, M. Raff, H. 
oħrer, J. Sanes, M. Schachner, M. Schwartz, W. Stallcup, H. 
oenen, T. Valcana. 


pplications are welcome for a small number of additional 
icipants and poster presentations. A limited amount of financial aid 
‘be available. 

nd CV's to: P.H. Patterson, Biology Division 216-76, California 
stitute. of Technology, Pasadena, CA 91125 U.S.A. and M. 
;chachner, Inst. f. Neurobiologie der Universitat Heidelberg, D6900 
eidelberg 1, F.R.G. 

nancial and other inquiries: M-F. Hanseler, IESC, Musee de la 
illette, 211 Ave Jean-Jaures, F-75019 Paris, France.  (NW1429)M 
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i ENT OF GEOLOGIC. 
Site-Specific a e 
Mutagenesis TWO LECTURERS IN 

at MIT GEOPHYSICS 


Postdoctoral position available to 
investigate heme redox chemistry, 
protein structure and mono- 
(genase mechanisms through 
he study of novel proteins generated 
| Site-directed mutagenesis. 
extensive experience in 
combinant DNA techniques is 
ssential. Some experience in 
protein purification/enzyme 
etics would be useful. 
pointment will be for 2-3 years 
with an initial salary of $18,500 
nd will be in the Toxicology/ 
Biotechnology program of the 
Department of Nutrition and Food 
dence in collaboration with Drs. 


following positions: 


a Chair at Birmingham. 


structure and dynamics. 


both subjects. 


not later than 1 October 1985. 










letters of reference sent to: Dr. 
Michael A. Morietta, c/o MIT 
| Personnel, £19-238, 

















to Job # : 
MiITis an equal opportunity/atfirmative action 


srehye (NW1415)A ther particulars may be obtained. 


(S319A 






































































Applications are invited for the 


1) Lectureship in Geophysics 
tenable in any area of solid earth 
geophysics and vacant following the 
appointment of Dr G K Westbrook to 


2) New Blood Lectureship’ in 
Geophysics to develop research 
programmes in the application of 
space geodesy to the study of earth 


Applicants must have previous 
experience in either geophysics or 
geodesy and be willing to develop a 
broad interdisciplinary approach in 


It is hoped to fill both posts from 


Salaries on the scale £7,520 — 
£14,925 per annum with superannuation. 

Applications (3 copies) naming 
three referees should be sent by 28 
February 1985 to the Registrar, 
Science Laboratories, South Road, 
Durham DH1 3LE, from whom fur- 

















>OSITION AVAILABLE | 
Assistant Professor, non-tenure 
track, to work on the Molecular 
Genetics of Chlamydia 
trachomatis. 


Emphasis to be placed on cloning 
of selected gene products and 
development of mutant strains. 
Starting salary $20,000 - $25,000, 
depending on qualifications. 
Must have Ph.D. or equivalent, 
and Post-Doctoral experience in 
Bacterial Genetics. Please send 
curriculum vitae and names of 
three references to Robert B. 
Jones, M.D., Ph.D., Depart- 
ment of Medicine, Indiana 
University, EM 302, 545 
Barnhill Drive, Indianapolis, 
IN 46223. (NWI417)A 








UNIVERSITY OF LEICESTER 
DEPARTMENT OF GEOLOGY 


POST GRADUATE 
RESEARCH ASSISTANT IN 
SEISMOLOGICAL 
COMPUTING 


To work on the acquisition, digit- 
isation, processing and interpretation 
of the data from an international 
seismic refraction experiment to be 
carried out in August 1985. The data 
processing will require the develop- 
ment, maintenance, and operation of 
Fortran 77 programmes on a VAX 
11/70-8600 system. The appointment 
will be for two years from April 1985 
with a salary of £6,600 — £7,055. 


Applications, including a CV and 
the names of two referees, should be 
sent to Dr M A Khan, Department of 
Geology, The University, Leicester 
LE! 7RH, from whom further par- 
ticulars may be obtained. 

(5338)A 




















MEDICAL RESEARCH 
COUNCIL 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 


LABORATORY OF 
DEVELOPMENTAL 
BIOCHEMISTRY 


Applications are invited from 
post-doctoral candidates for a 
three year appointment. The 
Laboratory is engaged in research 
on problems concerning the 
regulation of structure and 
function of genes during develop- 
ment and on the role of hormones 
and grewth controlling agents. 
The work will involve extensive 
exploitation of techniques of re- 
combinant DNA and tissue 
culture, so that experience in 
these techniques will be an | 
advantage. 


The salary will be in the range of 
£8,530 — £10,250 per annum plus 
£1,186 London allowance, with 
superannuation provision. 


Applications should include a 
curriculum vitae and the names of 
two referees and should be sent 
to The Director, National institute 
for Medical Research, Mill Hill, 
London NW7 1AA before 7th 
February 1985 quoting ref: 
DBC/8/TS. 

(5343)A 



































































POSTDOCTORAL POSITION 
available immediately. NIH- 

nsored research project on the 
“Cloning and Regulation of Dros- 
ophila hydei tyrosine amino- 
transferase.” An integrated 
approach employing the tech- 
niques of recombinant DNA tech- 
nology, genetics, and indirect 
immunofluorescence will be 
utilized. Applicants should have 
some experience in cDNA and 
genomic cloning. Ph.D. required. 
Send curriculum vitae and three 
letters of reference to: Dr. Tom 
Brady, Chairman, Biology Depart- 
ment, Hamilton College, Clinton, 
NY 13323. Equal Opportunity 
Employer, (NW1410)A 

























































UNIVERSITY OF 
BRADFORD 


LECTURER IN 
MEDICAL BIOCHEMISTRY 


Applications are invited for a 
permanent lectureship in Medical 
Biochemistry. The appointee would 
be responsible for teaching the more 
clinical aspects of Biochemistry to 
undergraduate students. Candidates 
should have a higher degree and will 
have a good record of research in the 
field of Medical Biochemistry. A re- 
search background in reproductive 
biology or endocrinology, although 
not essential, would be an advantage. 
Starting salary will be within the 
range £7,520 — £14,925 pa plus USS 
benefits. 


Application forms and further par- 
ticulars from the Deputy Secretary, 
(Ref MDS/L/14/N), University of 
Bradford, West Yorkshire, BD7 
IDP. Closing date: 28 February, 





1985. (S348)A 
BLOOMSBURY HEALTH 
AUTHORITY 


University College Hospital 


DEPARTMENT OF MEDICAL 
MICROBIOLOGY 


RESEARCH ASSISTANT 


Salary £6,780 — £9,138 
pa inclusive 


This research post is for a fixed term 
of two years and will be graded 
MLSO. The successful applicant 
will be involved in a research project 
concerned with Chlamydial infect- 
ions in humans. Applicants should 
hold the HNC in Medical Laboratory 
Sciences with Microbiology as the 
special subject or a suitable degree 
in medical microbiology. 


For an application form and job de- 
scription please contact the Person- 
nel Department, telephone 01 387 
2374 (24 hour service) quoting re- 
ference number RT62. 


Closing date 15th February, 1985. 


An equal opportunities employer. 
(3305)A 
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MEDICAL RESEARCH 
COUNCIL 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 


DIVISION OF 
PARASITOLOGY 


A postgraduate research scientist 
is required for an MRC 
appointment in the Division of 
Parasitology. The project entails 
the sequencing of the S-antigens 
of the human malaria parasite 
P. falciparum. The object is to 
assess homology in different 
endemic areas and to understand 
the mechanisms underlying 








antigenic diversity. Expertise in 
recombinant DNA techniques, 
inouding DNA sequencing, is 
essentia 

The Salary will will be in the range 
£8920 10720 per annum plus 
£1233 London allowance, with 
superannuation provision. 
Applications together with a 
curriculum vitae, research 
experience and interests, and 
the names of two referees 
should be sent to the Director, 





National Institute for Medical 
Research, Mill Hil, London 


NW7 1AA before 28th 
February 1985, quoting ref: 
P/ 8) W. { \A | 





TRANSLATIONS 
RUSSIAN TO 
ENGLISH 


WANTED 


FOR MATHEMATICAL 
FNC YCLOREDIA; RING 01-446 
(5306)A 


UNIVERSITY OF 
EDINBURGH 


POSTDOCTORAL 
RESEARCH FELLOW IN 
VETERINARY PHYSIOLOGY 


Applications are invited for a post- 
doctoral research post, tenable for 
three years at the Department of 
Veterinary Physiology, funded by 
The Arthritis & Rheumatism Coun- 
cil, for work on an electrophysiologi- 
cal and pharmacological analysis of 
sensory mechanisms of chronic in- 
flammation in laboratory animals. 

Starting salary, depending on age 
and experience in range £7,520 to 
£8,920. The post, which is superann- 
uable, is available for immediate 
appointment. 


Further particulars from Professor 
A Iggo, FRS, Department of Veterin- 
ary Physiology, University of 
Edinburgh, Royal (Dick) School of 
ion Studies, Edinburgh EH9 


Applications, in triplicate, with 
names of three referees should be 
made to The Secretary to the Univer- 
sity, University of Edinburgh, Old 
College, South Bridge, Edinburgh 
Pa 9YL, quoting Reference No 
5225. 


Closing date: February 1985. 
6330A 
























promotion. 










ACQUISITION EDITOR 


for medical and related sciences 


An outstanding opportunity exists for an experienced editor to join our acquisition team. The 
job, which involves the commissioning of new books in the medical and related sciences, calls for © 
someone with the ability to deal with scientific authors at all levels and to undertake the respon- 

sibility of assessing new projects. 


Apply in writing to: The Managing Director 
MTP Press Limited, Falcon House 
Queen Square, Lancaster LA11RN 


MTP PRESS LIMITED 


¥ a member of the KLUWER ACADEMIC PUBLISHERS GROUP 
LANCASTER / BOSTON / THE HAGUE / DORDRECHT 








The successful candidate is likely to be in the age range of 25-35 and will almost certainly have 

sound previous publishing experience in this area — although consideration will be given to. | 
other candidates of the right calibre. A degree in a science-based subject is desirable. The job ~ 
involves a significant amount of travel and the candidate selected must be free to undertake this 


The successful candidate will be based at the MTP office in Lancaster. MTP Pressisa member of 
the Kluwer Academic Publishers Group and, in keeping with Group policy, an attractive salary, 
pension scheme and other benefits will be offered. The job also carries with it good prospects for. | 





(5361)A 


m 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF MICROBIOLOGY 


Applications are invited for 
the post of 


LECTURER 


in the Department, which is respon- 
sible for the teaching of science 
students through Unit Courses in 
the Life Sciences scheme and for an 
Honours Course in Microbiology. 


The post is tenable from Ist 
October, 1985, at an initial salary 
within the range £7,520 — £9,860 
per annum on a scale rising to 
£14,925 per annum. 


Applications together with the 
names of three referees should be 
received not later than 14 February, 
1985, by the Registrar, The Univer- 
sity, PO Box 147, Liverpool L69 
3BX, from whom further particulars 
may be obtained. Quote Ref RV/ 
940/N. (5308)A 





UNIVERSITY OF 
COLORADO 
Medical School 


RESEARCH ASSOCIATES 
PhD level, to start Summer, 1985, or 
earlier. 

1 ELECTROPHYSIOLOGIST 


to study membrane permeability and 
transport properties of the ocular 
lens. 


2 PHARMACOLOGIST/ 
BIOCHEMIST 
to study mediators of ocular inflam- 
mation. 


Salary approximately $20,000. 
Contact Dr C A Paterson, Box B205, 
University of Colorado Medical 
School, Denver, CO 80262. 


UCHSC is an equal oppor- 
tunity/AA employer. (NW1426)A 





ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
(Hammersmith Hospital) 


HAEMATOLOGY — MRC 
LEUKAEMIA UNIT 


Research Assistant required to work 
in Cytogenetics section of the MRC 
Leukaemia Unit. Training will be 
given, however previous experience 
in Genetics/Cytogenetics would be 
an advantage. Applicants should 
have a degree in an appropriate 
subject. 


Salary on range £5316 to £6066 
plus £1042 London Allowance a year. 


Application forms and further 
particulars may be obtained from the 
Personnel Office, Royal Postgrad- 
uate Medical School, 150 Ducane Rd, 
London W12 OHS quoting ref 
7/DC/N. 


Closing date 13 February 1985. 
(S291IA 


ST THOMAS’ HOSPITAL. 
MEDICAL SCHOOL. | 
(United Medical Schools) 
DEPARTMENT OF IMMUNOLOGY 
SENIOR MLSO/ iS 
RESEARCH ASSISTANT 5 


A Senior MLSO/experienced | 
ate research assistant is required t 
join a team investigating cellula 
mechanisms of acquired immunode 
ficiency in human cancer. Applicant 
should have previous experience 0 
working with human leucocytes, © 
studying their surface markers and o 
functional assays. Starting salary ii 
region £7,500 — £8,500 pa $4 
London Weighting (approx £1,101 
pa). Appointment extendable fo 
three years. 


Applications with CV and name 
of two referees to the Secretary 
Department of Immunology, $ 
Thomas’ Hospital and Medica 
School, London SE1 7EH. (532A 









Down, Salisbury, Wiltshire. 


PUBLIC HEALTH LABORATORY SERVICE BOARD — 


PHLS Centre 
for Applied Microbiology and 
Research Therapeutic Products Laboratory 


Basic Grade Microbiologist 


A graduate biochemist or microbiologist is required for research into the 
isolation and evaluation of bacterial methionine-degrading enzymes for 
Cancer Therapy. The post is for a maximum period of 3 years and is 
financed by the Cancer Research Campaign. The work will be under the 
direction of Dr M Tully (telephone idmiston (0980) 610391 extension: 
424) from whom further information may be obtained. : 
The salary will be £6559 — £7063. 

National Health Service terms and conditions will apply. 

Applications including curriculum vitae and the names and 
addresses of 2 referees should be sent to the Personnel Officer, — 
PHLS Centre for Applied Microbiology & Research, Porton 


Closing date for applications 15 February 1985. 
Please quote Post No 41 when applying. 


(5312)4 








| ‘Applications are invited for the post of Deputy Director of The 
_. Wolfson Foundation, a major UK Charitable Trust primarily in 
_ the areas of science, medicine and the arts. Applicants should 
- be‘qualified in science or medicine and have a broad experience 
| of their field. Salary will be in the professorial range and will 
| depend on experience. Applicants should be aged 45-55. 

| Further particulars can be obtained from The Director, 
| The Wolfson Foundation, PO Box 1BZ, Universal House, 


















-ST THOMAS’ HOSPITAL 


_ MEDICAL SCHOOL 
_ United Medical Schools) 


"DEPARTMENT OF IMMUNOLOGY 


| pOST-DOCTORAL/ 
_ RESEARCH SCIENTIST 


Applications are invited for this post 
to join a team investigating cellular 
mechanisms of aquired immunode- 
ficiency of human cancer. Applicants 
should have previous experience of 
working with human leucocyte popu- 
lations, a documented background in 
cellular immunology, and a general 
interest in cell biology. Experience of 























1,390 — £11,205 pa plus London 
llowance of £1,233 pa on Range 1A 
iy award pending). The post is 
ndable for three years. 


plications with CV and names 
two referees to the Secretary, 










omas’ Hospital and Medical 
pol, London SE1 7EH. Informal 
inquiries may be made to Prof D C 


. 251-256 Tottenham Court Road, London, W1A 1BZ. 
pcen should reach the Director by tst March 


(5333)A 


IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
ENGINEERING AND CHEMICAL 
TECHNOLOGY 


POST DOCTORAL 
RESEARCH FELLOW 


Applications are invited for the 
above SERC post to work with Dr P F 
Luckham on investigating the 
viscoelastic properties of copolymer 
stabilized non-aqueous dispersions 
and directly measuring the forces of 
interaction between the stabilizing 
polymers. The successful candidate 
may have obtained his/her doctorate 
in Chemistry, Chemical Engineering, 
Physics or Material Science. 


The post is available from ist April 
1985 up to three years. Salary with in 
the RAIA range (£8,753 — £13,383 
Inc London Weighting) according to 
age and experience. 


Applications, including CV and 
names of two referees, to be sent to 
Dr P.F. Luckham, department of 
Chemical Engineering and Chemical 
Technology, Prince Consort Road, 





| NATURE VOL N3 31 JANUARY 1985 


MAX-PLANCK INSTITUTE FOR BIOCHEMISTRY 
PROTEIN ENGINEERING 


A post-doctoral position is available for a molecular biologist to join a 
group working on the molecular basis of specific protein-DNA 
interactions. The work will involve the use of oligonucleotide directed 


site specific mutagenesis as a tool for probing the structural features 
responsible for sequence specific recognition. The appointment is 
available initially for 2 years and may be renewable for a further 2 years. 


Applications with full CV, list of publications and names of 2 referees 
should be sent to: Drs G.M. Clore and A.M. Gronenborn, Max- 
Planck Institut für Biochemie, D-8033 Martinsried bei München, 


West Germany. {W1892)A 


UNIVERSITY oF SN Postdoctoral position 
INSTITUTE OF VIROLOGY 7 A : 
available immediately to 
POSTDOCTORAL articipate £ ongoing projecti 
involvin ical carcinogen 
RESEARCH FELLOW induction p C manse kumer, 
A vacancy exists for a Research inchide DNA trans 
ection, gene cloning, 
MOLECULAR aeaueneihg; RNA isolatión, etc, 
BIOLOGIST/BIOCHEMIST Candidates with experience in 


molecular biology are desired. 


to work on the involvement of 
human viruses and cellular genes in 
human genital cancer. 


This position which is immediately 
available will be tenable until 30 
September 1987. It is an appointment 
funded by a Cancer Research Cam- 
paign grant on salary scale. Research 
Staff Grade 1A (£7,520 top £12,150 
plus USS). Applicants should send a 
curriculum vitae giving full details 
of qualifications and experience 


Send curriculum vitae and nai 
of three references to: Dr. 





ps Lanett wih the names and STUDENTSHIPS 
addresses of three Referees to:- 

Drs JB Clements and JCM EXETER COLLEGE 
Macnab, Institute of Virology, Uni- OXFORD 


versity of Glasgow, Church Street, 


Glasgow, G11 5JR. (5300)A | The College proposes to elect to an 
Usher Cunningham Studentship for 
graduate work in Oxford in any 

UNITED MEDICAL AND branch of Medical Science. 
DENTAL SCHOOLS 


PAEDIATRIC RESEARCH UNIT — 


Damo f 136), | London, SW7 7BY as soon as 
 Mrionde (01328:3292 ODA possible. (5367) 
COURSES 

























LONDON SCHOOL OF 
HYGIENE AND TROPICAL MEDICINE 


(University of London) 


a M.Sc. in | 
Human Nutrition 


A comprehensive, academic training in the subject of 
human nutrition is provided through a full-time, one 
| calender year, course. During the first two terms a core 
course in nutrition, metabolism, physiology, statistics 
| andepidemiology, health-care and economics is taken by 
Í all students. The third term consists of options including 
| nutrition in community health and clinical nutrition, 
“nutritional metabolism and socio-economic aspects of 
| nutrition. A research project is completed during July- 
4 September. oe 
| The curriculum is designed to provide orientation in 
© nutrition for graduates with a range of academic 
> backgrounds (medicine, science or social science) in 
order to meet the nutritional problems that professionals 
will encounter in developing and developed countries. 
< ‘The next course commences on 30 September 1985. 
- Further details may be obtained from the Registrar, 
London School of Hygiene and Tropical Medicine, 
| KeppelStreet, London, WC1E7HT. (5329)C 


Courses continued on page 24 















GUY’S CAMPUS 


GRADUATE RESEARCH 
ASSISTANT 


required for a study of somatic cell 
proliferation and germ cell behaviour 
in autosomal trisomies in the mouse. 
The post is for three years and could 
be suitable for a PhD thesis. Initial 
salary not less than £6,600 per annum 
plus £1,233 per annum London 
Allowance. 


Applications, containing cur- 
riculum vitae and the names of two 
referees, should be sent to the 
Administrative Assistant, The Prince 
Philip Research Laboratories, Guy’s 
Hospital Tower, London SEI 9RT. 

(5345)A 


LONDON OFFICE 


Mark Pearson 

4 Little Essex Street 
London WC2R 3LF 
Tel: 01 240 1101 
Telex: 262024 





The Studentship (open to men and 
women) will be tenable from 
1 October 1985. The financial and 
other provisions will be comparable 
to those governing awards made by a 
Research Council. The Student will 
be a full member of Exeter College, 
which has an established reputation 
in Medical Sciences. 


Applicants must be under 25 years 
of age. They must also be accepted as 
graduate students by a Faculty 
Board. Applications with the names 
of two referees should be made to the 
Rector by Thursday, 4 April 1985. 

(5265) F 


continued on page 22 


TORONTO OFFICE 


Peter Drake & 
Associates 

17 Pine Crescent 

Toronto, Ontario M4E 1L1 

Tel: (416) 690-2423 


NEW YORK OFFICE 
15 East 26 Street 
New York, NY 10010 
Tel: (212) 689 5900 


NATURE VOR. JIH JANUARY: 1985 


AWARDS 


NUFFIELD FOUNDATION 


Awards to Newly Appointed 
Science Lecturers in Science, 
Applied Science and Engineering 


The Trustees of the Nuffield Foundation are offering a limited number 
of awards of up to £4,000 to newly appointed University and 
Polytechnic lecturers in Science. Applied Science and Engineering. 
The object of the awards is to give assistance to such lecturers in the 
early stages of their independent research careers. Awards will be made 
competitively and preference will be given to lecturers wishing to 
explore novel and original lines of research that may not yet be at a stage 
suitable for Research Council support. 


Eligibility 

Applicants must be newly appointed to lectureships or equivalent posts 
in Science, Applied Science, Mathematics, Engineering of Medical 
Departments. Candidates must apply within 12 months of taking up 
their posts and may apply between the time of being appointed and 
taking up the post. 

How to apply 

There are two closing dates a year: 31st March and 31st October, 
Applications must be on the appropriate form, which is available 


from the Nuffield Foundation, Nuffield Lodge, Regent's Park, 
London NW1 4RS. 


The scheme is only open to applicants from Institutions within 
the United Kingdom. (5284)N 





UNIVERSITY OF BRISTOL (Dr Stephen Harris). 
ZOOLOGY DEPARTMENT , Adaptive physiology of visual 
POST-GRADUATE pigments (Dr John Lythgoe). 


G sin ; ii 





GRANTS and SCHOLARSHIPS 





NASA/ COLUMBIA UNIVERSITY i : 


SUMMER INSTITUTE ON PLANETS AND CLIMAT 


UNDERGRADUATE 
GRANTS 


June 3 — August 9, 1985 


The NASA Goddard Space Flight Center's Institute for Space Studies, 
in cooperation with Columbia University’s Center for the Study of — 
Global Habitability, announces a summer program designed to | 
introduce undergraduates in the physical sciences and mathematics to 
research possibilities in planetary atmospheres and climatic change. 
The program consists of a 3-week lecture series at the institute for 
Space Studies in New York City, followed by 7 weeks of individual 
research conducted at either the institute for Space Studies or other 
Goddard Space Flight Center divisions in Greenbelt, Maryland. — 
Participants will receive a $1,250 stipend, free housing, and travel 
expenses. 


Applications should be submitted in the form of a letter to: 


Summer Institute on Planets and Climate, 
Ci o Center for the Study of Global Habitability, 
409 Low Memorial Library, 

Columbia University, 
New York, NY 10027. eile 
The letter of application must include: (1) home and school addresses, 
telephone number and social security number; (2) a one-page 
typewritten statement of professional goals and interests (please be 
specific — a research site and supervisor will be chosen on this basis 
(3) a transcript of college courses and grades; (4) the names of tw: 
three college professors who have been asked to provide letters 
reference. The transcripts and letters of reference should be sent — 
directly to the above address. ee 


The deadline for the receipt of applications is March 1, 1985. Awards 
will be announced on or about April 1, 1985. Participation is limited to 12. 
undergraduates selected by national competition. All applicants. will” 
receive consideration without regard to race, colour, age, national or = 
ethnic origin, or sex. (NW1423)H. 

























AWARDS 1985 


Applications are invited from 
students who have graduated or who 
are about to graduate in Zoology or a 
related discipline for places in the 
following research disciplines: 


Physiological adaptations of 
invertebrates to estuarine life 
(Dr Colin Little). 


Computer simulations of 
population dynamics of urban foxes 


Neurobiology of lower vertebrate 
embryos (Dr Alan Roberts). 


Molecular genetic neuroscience 
(Dr Laurence Haynes). 


Successful candidates will be 
registered for the degree of MSc by 
research, with the possibility of 
transfer to PhD after one year. 
Applications should be addressed 
to Dr T E Thompson, Zoology 
Department, University of Bristol. 

(5283)N 


GRANTS 


THE NUFFIELD FOUNDATION 


OLIVER BIRD FUND 
for 











UNIVERSITY OF OXFORD 
CLARIDGE DRUCE TRUSTEES 


RESEARCH SCHOLARSHIP 
IN PLANT TAXONOMY 


Applications are invited for a 
Claridge Druce Scholarship having 
effect from ist October 1985. 
Candidates, who should be of British 
nationality, and should either have 
recently graduated or be in their 
final undergraduate year, will be 
required to have obtained a First 
Class or a good Second Class 
Honours Degree. 

The successful scholar will be 
required to belong to a College or a 
Hall to work, under the general 
supervision of the Curator of the 
Herbaria, for a Higher Degree. Can- 


aspect of the Taxonomy. of 
group of plants. : 


The scholarship, which will b 
tenable for two years in the firs 
instance, and normally renewabl 
for a third year, is, at present, o 
the annual value of £2585.00 
In addition the Druce Trustees wil 
pay all approved fees for highe 
degrees and examinations: anc 
compulsory club fees. : 


Candidates should send a brie 
statement of their proposed: re 
search problem, and may alsi 
submit testimony as their promise o 
capacity for original research. Appli 
cations should be sent, with- the 
names of two referees, to the Admin: 
istrator, Botany Department, Soutt 
Parks Road, Oxford OXI 3RA, from 
whom further details can be obtain 


Research | 
Into Rheumatism 


Applications are invited for research grants for work directed to 
the better understanding, and treatment, of rheumatic disease. 
The Oliver Bird Fund, from which over £150,000 was spent on 


research grants during 1984, is administered by the Trustees of 
the Nuffield Foundation on the advice of an expert committee 
whose chairman is Dr D.A.J. Tyrrell, CBE, FRS. Grants may be 
made only for research in UK institutions. 

Further details of how to apply are available from the Nuffield 


Foundation. The closing date for applications is 31st March, 
1985. 


Applications will be considered at a meeting in May, 1985. 
The Director 
Nuffield Foundation, Nuffield Lodge, 
Regent's Park, London NW1 4RS. 
(5285)H 








didates may choose to study any ed, by March 2nd, 1985. (5307)H 








DUBLIN INSTITUTE FOR ADVANCED STUDIES 


SCHOOL OF 
THEORETICAL PHYSICS 


Applications are invited for Research Scholarships. Scholarships are. 
awarded initially for a period not exceeding one year and will be- 
renewed, subject to satisfactory performance, for a further year. The- 
Governing Board may, for special reasons, extend the tenure of the 
Scholarship up to an inclusive maximum of three years. Commencing 
date will be 1 October 1985, and a limited number of stipends will be- 
available. These awards are normally made at post-doctoral level. 


For further particulars and Forms of Application candidates 
should apply immediately to The Registrar, Dublin Institute for 
Advanced Studies, 10 Burlington Road, Dublin 4, ireland. 
Completed applications should reach the Registrar not later 
than 1st April 1985. (5298)E 








STUDENTSHIPS 


























tenable for three years, starting in 
October 1985 and leading to a 
PhD degree of the University of 
/-Lendon. The research topic 
would involve the application of 
recombinant DNA techniques to 
| some aspect of the molecular 
biology of mammalian develop- 
ment. 
| Applications are now invited from 
_ those who have, or expect to ob- 
| tain, a good Honours Degree in a 
- biological subject including some 
| molecular biology, biochemistry 
| and genetics. 

_ Curriculum vitae with names 
‘and addresses of two referees 
< should be sent to The Secre- 
tary, MRC Mammalian Devel- 
opment Unit, Wolfson House, 
4 Stephenson Way, London 
NW1 2HE (telephone 01-387- 
| 9521) by 21 February, 1985. 
: (5364) F 











ROYAL HOLLOWAY AND 
- BEDFORD COLLEGES 
Egham Hill, Egham, 
Surrey, TW20 OEX 


AFRC CASE 
.. STUDENTSHIP 
C CASE research studentship is 
able to work on the modification 
ant galactomannens by bacterial 
nzymes in collaboration with the 

British Food Manufacturing In- 
dustries Research Association. 

-< Applicants should have or expect to 
have at least Upper Second Class 
Honours in Biochemistry, Chemistry 
or other Biological Sciences. 

Details are available from Professor 
idham, Royal Holloway College, to 
whome CV’s and the names and ad- 
dresses of two referees should be sent. 
oe (5355)F 















_ -MRC INSTITUTE OF 
_ HEARING RESEARCH 
a University of Nottingham 


RESEARCH SCHOLARSHIP 


The Institute expects to have an MRC 
Studentship beginning October, 
1985, for research on structural and 
functional development of the 
auditory system, with emphasis on 
the abnormal developmental 
processes in hereditary deafness. The 
student will have the opportunity to 
karna variety of basic techniques, 
including electron microscopy and 
electrophysiology. Applicants should 
have, or expect to obtain during 1985, 
at least an upper second class hon- 
our’s degree in any biological sub- 
ject. The position will be available 
from. October 1985. 

For further information contact: 
Dr K P Steel, MRC Institute of 
Hearing Research, University of 
Nottingham, University Park, 
Nottingham, NG72RD. (5336)F 


MEDICAL RESEARCH QUEEN ELIZABETH 
COUNCIL COLLEGE Kensington 
MRC MAMMALIAN (University of London) 
_ DEVELOPMENT UNIT DEPARTMENT OF BIOLOGY 
_ STUDENTSHIP RESEARCH STUDENTSHIP 
| [tis hoped to be able to offer an | | IN PLANT BIOCHEMISTRY/ 
o : postgraduate studentship PHYSIOLOGY 


A Serc Case studentship (in co- 
operation with Shell Research Ltd) is 
available in this Department. The 
research project includes an invest- 
igation of the responsiveness of plant 
cells to gibberellin and the occurrence 
in cells of receptors for this growth 
regulator. Applications from 
graduates (at least an upper second 
class degree) in biological science 
who have strong interests in plant 
biochemistry or physiology should be 
sent to Prof M Black, Department of 
Biology, Queen Elizabeth College, 
Campden Hill Road, London W8 as 
soon as possible. It is hoped to make 
an appointment before the end of 
March, 1985. {5290)F 


THE UNIVERSITY OF 
SHEFFIELD 


DEPARTMENT OF HUMAN 
METABOLISM & CLINICAL 
BIOCHEMISTRY 


POSTGRADUATE 
RESEARCH 
STUDENTSHIPS 


Applications are invited for post- 
graduate studentships tenable from 
Ist October 1985. The successful 
candidates would work in one of the 
following areas: 

1. Studies on the regulation of the 
function of human bone cells in vitro. 


2. Caleium and vitamin D 
metabolism in man in health and di- 
sease. 


3. Mechanisms of inflammation 
and control of proteinase and pro- 
staglandin production by human 
chondrocytes in relation to arthritis. 


4. Studies on the mechanism of 
action of monokines. 


5. Neuroendocrine control in the 
hypothalmic-pituitary axis. 

6. Studies on the relationship of 
phosphate metabolism and cell 
function. 


The Department has excellent fa- 
cilities for laboratory and clinical 
work, with emphasis on hormone 
action and secretion, calcium metab- 
olism, connective tissue biology, 
cancer research and thrombosis. 

Applications, which should in- 
clude a curriculum vitae and the 
names of two referees, should be 
sent to Dr BL Brown, Department of 
Human Metabolism & Clinical Bio- 
chemistry, Beech Hill Road, 
Sheffield, S10 2RX (Tel 
0742-26484, ext 2649) as soon as 
possible. {5303)F 


Please mention 


nature 


when replying to 
these advertisements 





FELLOWSHIPS 


EMBL 


European Molecular Biology Laboratory 


PREDOCTORAL 
FELLOWSHIPS 


The European Molecular Biology Laboratory is to award a small number 
(5-6) of predoctoral fellowships for graduates wishing to study for a 
Ph.D. at EMBL Heidelberg. 

The areas of research in Heidelberg include membrane biology, cellular 
differentiation, analysis of the structure of membrane proteins and 
protein nucleic acid complexes and the structure and regulation of 
genes in procaryotes and eucaryotes. 

To be eligible, candidates must hold, or anticipate receiving in 1985, a 
first or upper second class honours degree, a masters degree or a 
diploma in biological sciences, physical sciences or mathematics. 


Preference will be given to candidates from the member states of EMBL 
and EMBC namely: Austria, Belgium, Denmark, Finland, France, 
Federal Republic of Germany, Greece, Iceland, Ireland, Israel, Italy, 
Netherlands, Norway, Spain, Sweden, Switzerland, United Kingdom. 


Short listed candidates will be asked to visit EMBL (travel expenses 
reimbursed) for an interview. Those awarded predoctoral fellowships 
will be expected to begin working at EMBL in September 1985. The 
normal duration of the fellowships will be 3 years subject to annual 
review. 


The closing date for completed applications is February 1st 1985. 
Successful candidates will be notified by the end of April 1985. 


Application forms and a catalogue giving further information 
about the research at EMBL and the groups participating in the 
Laboratory's predoctoral programme is available on request 
from Dr. J. Tooze, Predoctoral Programme, EMBL, Postfach 
10.2209, 6900 Heidelberg, F.R. Germany. {(W1461)E 


IMPERIAL CANCER RESEARCH FUND 
Research Fellowship 


A post-doctoral position is available for a biochemist or molecular 
biologist in the ICRF laboratory based in the University of Edinburgh to 
study the molecular aspects of drug metabolising enzymes. This will 
involve study of the role of the specific isozymic form of cytochrome 
P-450 in chemical carcinogenesis. Both the regulation and genetic 
polymorphism in this enzyme system will be investigated at the gene 
and functional levels. 

Three year appointment, salary range £8,920 to £11,205. Further 
details are available or full C V including names and addresses of three 
referees should be sent to Ms S M Hurley, Imperial Cancer Research 
Fund, Lincoln's inn Fields, London, WC2A 3PX, telephone 01 242 0200 
ext 305 quoting ref 42/85. (5324)E 


EMBO 
EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 


in molecular biology 


The European Molecular Biology Organisation awards, to scientists 
working in Europe and Israel in the field of molecular biology and allied 
disciplines, short term fellowships of one week up to three months 
duration. The fellowships are to support collaborative research 
between laboratories in different countries and provide a travel grant 
and subsistence allowance. Applications may be made at any time and 
are decided upon soon after the receipt of application. 

Applications for exchanges between laboratories within any one 
country cannot be considered. Fellowships involving transatlantic 
travel are awarded only in extremely exceptional circumstances. 
Application forms and further details may be obtained from Dr 
J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022 40, F.R.G. (W1577)E 
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FELLOWSHIPS 








UNIVERSITY OF BRISTOL 
CANCER AND LEUKAEMIA 
IN CHILDHOOD 
TRUST LABORATORY 


The Trustees of the Cancer and 
Leukaemia in Childhood (CLIC) 
Trust invite applications for the 
following appointments which are 
tenable immediately. 


1. A CLIC SENIOR 
RESEARCH FELLOWSHIP 


The successful applicant, who should 
have 5-6 years’ post-doctoral 
experience, will be expected to assist 
in the direction of the CLIC 
laboratory and will be encouraged to 
develop an independent line of re- 
search within the field of the molecu- 
lar genetics of childhood cancer. 
Considerable experience in either the 
molecular biology of eukaryotic gene 
expression or the in vitro culture of 
differentiated mammalian cells is re- 
quired. The ability to integrate into a 
multi-disciplinary group comprising 
clinicians, pathologists and 
molecular geneticists is essential. The 
position is tenable for 5 years, with 
possible renewal for a further 5 years. 
Salary within the range £9,390 — 
£12,150 per annum, Range IA. 


2. ACLIC JUNIOR RESEARCH 
FELLOWSHIP 


This post, to complement the 
expertise of the senior fellow is suit- 
able for a recently qualified 
postdoctoral scientist; experience in 
molecular biology or the culture of 
differentiated mammalian cells in 
vitro would be advantageous. The 
post is tenable for up to 3 years with 
possible renewal for two further one- 
year periods. Initial salary within the 
range £7,520 -- £9,860 pa, Range 1A, 
depending on experience. 


3. A RESEARCH 
TECHNICIAN (GRADE 3) 


Required to assist the senior and 
junior fellows, Experience of 
biochemical techniques of 
mammal/bacterial cell culture is 
essential. Salary within the range 
£5,399 — £5,855 per annum 
depending on experience. 


The CLIC Trust was established 
with three main aims; to improve 
treatment and clinical care; to give 
support to affected children and their 
families, and to promote research. 
This new initiative marks a major 
expansion of the third aim of the 
Trust and is designed to extend our 
knowledge of the molecular basis of 
these tumours at the level of gene ex- 
pression. Further details of the pro- 
posed research programme can be 
obtained from Professor J E Beringer 
or Dr N J Maitland (telephone 24161, 
Ext 800 or 839). 


Applications, including full 
curriculum vitae and the names of 
three academic referees for the Senior 
post, two for the others, to Dr K D 
Perry, Department of Pathology, 
University of Bristol, The Medical 
School, University Walk, Bristol BS8 
ITD. (5323)E 











Appleton Laboratory. 


Laboratory. 


research programmes. 


CITY OF HOPE 
Medical Centre 
DIVISION OF CYTOGENETICS 


POST-DOCTORAL 
RESEARCH FELLOWSHIP 


Available February 1985 for an indi- 
vidual interested in the evolution and 
function of the major histocompati- 
bility complex to participate in a 
research project to characterize genes 
encoding tissue-specific antigens of 
the chicken MHC. A strong back- 
ground in molecular biology and 
recombinant DNA techniques desir- 
able. 


Send applications (cv and 
references) to Dr Marcia Miller, 
Division of Cytogenetics, City of 
Hope Medical Center, Duarte, Cali- 
fornia 91010. (NW1432)E 


MAYO CLINIC 


POSTDOCTORAL 
FELLOWSHIP 


in Endocrinology and Metabolism, 
July 1, 1985 in Endocrine Research 
Unit, Mayo Clinic, Mayo Medical 
School. Candidates must have PhD, 
DVM, DDS or MD degree and must 
be United States citizen or holder of 
immigrant visa. Investigators in unit 
are interested in the metabolism and 
mechanism of action of calcitropic 
hormones such as parathyroid hor- 
mone, calcitonin and vitamin D. 


Contact Dr R Kumar, 5-164 W 
Joseph, Mayo Clinic, Rochester, 
Minnesota 55905; phone 507- 
285-4300. An equal opportunity/ 
affirmative action institution. 

(NW 1400)E 


Atlas Research Fellowship 
St Hilda's College, Oxford University 


The Rutherford Appleton Laboratory of the Science and Engineering Research Council and St. Hilda's |. 
College, invite applications from women for a Joint Research Fellowship. (The Statutes of the College 
permit the election only of women to Fellowships). The aim of the Atlas Fellowship is to encourage 
studies, particularly those involving computers, in an area of research supported by the Rutherford 


Topics include the following: study of some aspect of information technology including software 
engineering, IKBS, MMI, use of electron beam lithography in the fabrication of semi-conductor devices, a 
image processing, high speed networks; experimental or theoretical study of High Energy Physics; use of Pe i 
high power pulsed lasers; provision of large scale computing for data analysis and theoretical modelling 

The successful candidate will be expected to undertake research work and have ideas on the pro- ae 
gramme she wishes to follow. Fellows have the rights and privileges of research fellows of St. Hilda’s 
College, and will be expected to work on some aspect of the programme of the Rutherford Appleton 


There will be access to exceptionally powerful computer facilities, and our involvement with numerous | a 
university research groups gives an opportunity for contact with others engaged on a wide range of exciting. 


The fellowship will be tenable for a period of three years and may be extended up to a period 
not exceeding five years. The stipend will depend upon the age and experience of the candidate 
selected, within the broad range of £9,900 to £15,500. 

For details of research fellows’ rights at St. Hilda’s College and application forms, write to 
Recruitment Office, Personnel Group, Rutherford Appleton Laboratory, Chilton, Didcot, Oxon 
OX11 0QX, or telephone Abingdon 0235 44 5435 quoting reference No VN312. 

The closing date for applications is: 28 February 1985 




















Graduate Training 
in 
Biotechnology 


Applicants are invited to apply for fellowships ina program of =. 
integrated study leading to a doctorate in biotechnology. The program 
consists of course work and research directed at solving problems. | 
in biotechnology for food and agriculture. Advanced training includes 
methods of: prevention of infectious diseases, recombinant DNA 
procedures, genetic engineering of industrial organisms, enzy 
biomaterials science and engineering, controlled release and 
computer control for biotechnology processes. 


Specific research areas include: 


e genetics of microorganisms for antibiotics and food applications 
e enzyme technology 

e controlled release systems 

e determination of structure-function relationships of biomaterials 
e kinetics of degradation of foods and drugs 


Annual fellowships are provided by a U.S. Department of Agriculture 
Graduate Fellowship Program. Applicants for entry in spring, 
summer, or fall 1985 must send a statement of goals, interests 

and relevant experience and arrange to have complete college 
transcripts, GRE scores and three letters of reference sent on an | | 
MIT Graduate School application form to the Graduate Admissions... 
Office, as soon as possible, Applications may be obtained from 
the Student Office, Room 16-318, M.I.T., Department of Nutrition 
and Food Science, Cambridge, MA 02139. Telephone inquiries 
may be made to the above office at 617-253-5804, 


or to Professor Karel 































at 617-253-6744. 


M.LT. is an affirmative 
action institution. 
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CONFERENCES and COURSES 


FIRST INTERNATIONAL CONFERENCE 
ANTICANCER RESEARCH 


October 26-30, 1985 - Loutraki, Greece 


Organizing Committee: R.W. Baldwin, E. Baulieu, N.M. Bleehen, J.G. Delinassios, J.Denekamp, R.Fox, L.Helson, 
J.V. Johannessen, G.R.F. Krueger, F.J. Lejeune, D.M. Lopez, J. Mark, K. Matsumoto, D. Medina, P. MeeraKhan, N. 
Paweletz, S. Pestka, H.I. Peterson, G.B. Pierce, J. Pontén, M.F. Rajewsky, D. Stavrou, T. Theophanides, B.Toth, R. 


Vihko. 


Scientific Programme: 1. Combination chemotherapy. 2. Development and evaluation of new anticancer agents. 
3. Recent applications of tumor markers, receptors, and monoclonal antibodies in diagnosis and treatment of cancer 
and leukemia. 4. Carcinogenesis (mechanism, environment, nutrition). 5. Invasion and metastasis. 6. Tumor 


angiogenesis. 7. Differentiation and cancer. 8. Biology of human glioma. 9. Oncogenes. 


General Information: The Conference, sponsored by Anticancer Research will be held in the Poseidon Club Hotel 
in Loutraki, located 86 km from Athens. Three conference rooms will be used simultaneously. All sessions will 
include oral (10, 20, 30 min.) and poster presentations, and discussions. Registration fee (including: one-year 
subscription to Anticancer Research, Conference Proceedings - Abstracts, welcome buffet and get-together dinner, 
closing dinner, guitar recital, shows, drinks, participation in excursions): US$ 190.00 (students US$ 150.00; 
accompanying person US$ 50.00). Accommodation fee per person per day (including breakfast, lunch, dinner, 
wines, transportation from and to the airport) in A’-AA’-AAA’ double rooms: US$28.00 - 34.00 - 42.00. 


Further Information: Dr. J.G.Delinassios, Managing Editor, Anticancer Research, Editorial Office, 5 Argyropoulou 
Street, Kato patissia, Athens GR-111 45, Greece. 


THE SECOND 
CONFERENCE ON 
CONSERVATION 

BIOLOGY 


May 5-8, 1985 
Ann Abor, Michigan 


. Sponsored by the Wildland Man- 
“agement Center, University of 
© Michigan School of Natural Re- 
/ sources, this conference will 
allow scientists working in the 
_ field of conservation biology to 
oshare their research with each 
_@ther and with resource man- 
“agers and other members of the 
“conservation community. Panels 

of resource managers will eval- 
uate the implications of this 
| fesearch and will comment on 
future research needs. For regis- 
< tration information contact: April 
Oja, Conference Coordinator, 
“Wildland Management Center, 








KING’S COLLEGE (KQC) 
University of London 


STUDY HISTORY AND 
PHILOSOPHY OF SCIENCE 
AT KING’S 
One year MSc courses begin October 
1984, Facilities for MPhil and PhD by 
research. Applicants must possess a 
first degree in one of the natural 
sciences or mathematics. All courses 
approved for British Academy grant 
awards. Early application is advised 
since the closing date for applying for 
a British Academy award is | May. 


Send for details to Professor M L 
G Redhead, Department of History 
and Philosophy of Science, King’s 
College (KQC), Chelsea Campus, 
Manresa Road, London SW3 6LX. 





“School of Natural Resources, | | Tel 01-351 2488. (5356)C 
“University of Michigan, Ann 
Arbor, MI 48109 
a (NW1433)C 
FELLOWSHIPS 
“THE QUEEN’S UNIVERSITY using a technique based on photo- 
i OF BELFAST electron-photoion coincidence 
: spectroscopy. 
WSHI 
i ao e rO F Applicants toun preferably hold 
a PhD degree and have appropriate 
MOLECULAR PHYSICS experiemental experience. Initial 


This Fellowship, funded by SERC in 
the Department of pure and Applied 
Physics is tenable until 31st May, 
1987. The successful applicant will 
join an existing programme 
concerned with the study of collision 
processes involving state selected 
atomic and molecular photoions 


salary in the range £7,521 - £7,980 per 
annum with USS. Applications, 
including curriculum vitae and the 
names and addresses of two referees 
should be sent to the Personnel 
Officer, The Queen’s University of 
Belfast, Northern Ireland, BT7 INN. 
(Please quote Ref 85/L.) (5331)E 





UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF PHARMACY 


POSTDOCTORAL 
RESEARCH 
FELLOWSHIPS 


Applications are invited for two 
Postdoctoral Research Fellowships, 
each tenable for one year in the first 
instance, to work in medicinal chem- 
istry on projects concerned with the 
synthesis and stereochemistry of po- 
tential skeletal muscle relaxants. 
Applicants should have recent prac- 
tical experience of organic synthetic 
methods and chromatographic seper- 
ation techniques and in the interpre- 
tation of spectroscopic data. A 
knowledge of pharmacology, drug 
metabolism and/or allied subjects 
would be an advantage. 


Appointment on Range 1A (£7,520 
— £12,150 per annum). USS benefit. 


Applications (quote ref R6/85) 
with full curriculum vitae and the 
names and addresses of three referees 
should be sent to Professor J B 
Stenlake, Department of Pharmacy, 
University of Strathclyde, George 
Street, Glasgow G1 1XQ, by 1 March 
1985. (5354)E 





APPOINTMENTS WANTED 

advertise your qualities and qualifi- 
cations through the most influential 
science weekly in the world at a 
special reduced cost of $8.00 per line, 
minimum 3 lines. (Personal Box 
Numbers $10.00). 
Advertisements must be pre-paid and 
sent to: Nature Classified (Appts 
Wd), 15 East 26 Street, New York, 
NY 10010. (890)B 





(W1595)C 


APPOINTMENTS 
WANTED 





RESEARCH POSITION for Post- 
Doctoral scientist. 9 years 
research/teaching experience in 
histology, histochemistry and 
immunocytochemistry at light and 
ultrastructural levels. Experience in 
antibody characterisation, histo- 
pathological diagnosis of neuro- 
endocrine tumours, regulatory 
peptides, in-situ hybridisation and 
freeze fracture replication. Publi- 
cations. Contact K L Sikri, Histo- 
chemistry Department, RPMS, 
Hammersmith Hospital, London. 
Tel 743 2030 ext 453. (5207)B 


KEEN BIOCHEMISTRY graduate 
2(i) with postgraduate research 
experience in Protein Chemistry, 
Molecular Biology, GC/HPLC seeks 
challenging research position in UK. 
Box No 5340, c/o Nature Classified, 
4 Little Essex Street, London 
WC2R3LF. 
(5340)B 


ANATOMY TECHNICIAN, 20 
years experience. Speciality electron 
microscopy, histology and nerve 
techniques. Worked in England, Sri 
Lanka, Zambia and Saudi Arabia. 
Looking for job opportunities - 
W Edmund, 47/6, Jayaweera 
Mawata, Ethulkotte, Kotte, Sri 
Lanka. (W1578)B 
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to understand. 


A world-wide scientific ana Symposia is an independent 
research organization tion, created in 1971, to promote 


tific research in all disciplines 
for human health and sx a 


welfare. This aim is pursued by means 


A center for promotion of . of congresses, courses, seminars 
scientific and cultural activities. | studies. 
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Some of the international meetings scheduled for 1985 are: 
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LYMPH NODE 
INVOLVEMENT? 


To find single carcinoma cells and micrometastases 
invading lymph nodes is often extremely difficult. Now, 
immunohistochemistry can help to make the search easier 
using Tissue Polypeptide Antigen (TPA), the specific label for 
interior epithelial cells and hence carcinomas! Lymphoid cells 
do not contain TPA so carcinoma cells are clearly visible. 





Cell from a transitional cell carcinoma of the urinary bladder in lymph node tissue. TPA visualised by 
PAP using rabbit anti-TPA antibody; haematoxylin counterstaining. (Microphotograph by courtesy of 
Dr. P. Oehr, University Clinic, Bonn). 


TPA is a protein related to cytoplasmic intermediate filaments of cells in interior epithe- 
lium. Since carcinomas originate in interior epithelium, TPA is therefore present in 
carcinoma cells. Serum or plasma TPA measurements are useful in monitoring tumour 
activity; its character as a specific label of interior epithelial cells also makes immuno- 
histochemical staining of TPA an important technique, both for research and in routine 
therapy. 


There is now a large number of publications on TPA — for specific references please contact Sangtec direct. 


TPA products are available from 


Sangtec 
MEDICAL 


Box 20045 
S-161 20 BROMMA, SWEDEN 
Tel. Int. +46-8-98 83 30 
Telex 12570 ILAB S 

Distributors: 

Austria: Mallinckrodt Diagnostica Austria, tel. 0222-362112; German Federal Republic: Mallinckrodt 
Diagnostica Germany, tel. 06074-4011; Italy: BykGulden Italia, tel. 02-6195131; Japan: Daiichi 
Radioisotope Laboratories, tel. 03-272-1081; Spain: Mallinckrodt Iberica, tel. 91-7542262; Switzer- 
land: Medipro, tel. 071-331415. In USA for research only. 
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¢ Installed instrument-reagent system 
a Customer Support 


Over 500 laboratories worldwide now use Applied Biosystems 
products. In just two years, these remarkable 
instrument-reagent systems have become the standards for 
performance, reliability and ease of operation. 


Protein/Peptide Sequencing, Oligonucleo- 
tide Synthesis, and Peptide Synthesis 

Our contributions to the chemistries and au- 
tomation of these techniques will enhance 
your research, reduce your operating costs 
and free you for more productive work. 


A Commitment to Scientific Contributions 
We pioneered automated systems for gas phase 
protein sequencing, phosphoramidites in oli- 
gonucleotide synthesis and preactivation of 
amino acids in peptide synthesis. Each one of 
these innovations has resulted in improved 
performance over conventional approaches. 


A Commitment to Reliability 

Scientists and researchers in over 500 lab- 
oratories will attest to the reliability of our 
instrument-reagent systems. We design, man- 
ufacture and test instruments and reagents 


side-by-side to ensure the optimum system 
performance you expect. 


A Commitment to Product Support 

The quality of our worldwide product support 
is unmatched. We install each new system and 
teach you how to get the best from it. We do 
not leave your laboratory until your system's 
performance meets published specifications. 


Follow-up service, if needed, is equally thor- 
ough and just a telephone call away from our 
network of product support centers. In addi- 
tion, our research team is prepared to help 
you solve problems unique to your own appli- 
cations—whether in research or in the pro- 
duction of peptides or oligonucleotides. 

For more information, ask your local Ap- 
plied Biosystems representative, contact us at 
one of the offices listed below, or circle reader 
service number 08. 


db ian 


APPLIED BIOSYSTEMS, INC., 850 Lincoln Centre Drive, Foster City, CA 94404 « (800) 874-9868 « In California (800) 831-3582 Telex: 470052 


IN EUROPE: APPLIED BIOSYSTEMS GMBH, Bergstrasse 104, D6102 Pfungstadt, West Germany + 06157-6036 Telex: 4191746 








































LKB offers you a choice of twc 





This one is optimized fc 


The LKB DNA/RNA Sequencing System — 
successfully combines all the relevant technology 
and know-how into a single integrated system 
dedicated to and optimized for nucleotide 
electrophoresis. Basically, the amount of 
sequencing information that can be obtained from 
one experiment is limited primarily by the 
resolution of the electrophoresis system used. This 
resolving power is in turn limited mainly by the 
length and thickness of the gel, by thermal and 
mechanical distortion, and by the so-called ‘smile 
effect’. 

The LKB Sequencing System, built up 
around our Macrophor Electrophoresis Unit, 
reduces all these limitations to the absolute 
minimum. It provides longer reading frames, 
halves the required sample volume, reduces run 
times and greatly simplifies the task of gel casting. 





Long ultrathin gels 

By long we mean up to 530 mm; by ultrathin we 
mean down to 0.1 mm. Greater length obviously 
gives a much longer reading frame, while 
reductions in thickness bring you many benefits. 
You use far less chemical to cast each gel and need 
far less sample - as little as 2 ul - to perform each 
run, which is an important factor in many 
applications. Macrophor is rated for safe 5 KV 
operation using ultrathin gels, and this gives both 
improved resolution and shorter run times. A more 
even heat transfer reduces thermal distortion, 
while minimized radiation scattering during 
autoradiographic detection results in significantly 
sharper bands. 











THE LKB SYSTEMS APPROACH 

At LKB we believe that we should be able to give 
you professional training, advice and support in 
the use and application of our products. And we 
should certainly be able to supply you with 
everything you need to perform your experiments, 
so you never have to worry about where each item 
comes from, how good it is, whether it will work 
properly with all the other pieces of apparatus, and 
who to turn to when you have problems. That is 
why we offer complete integrated systems, not 
merely a range of individual units. LKB systems 
contain all the instruments, kits, chemicals, 
accessories and supplies you will need in your 
laboratory. Every component of the system is 
designed to work together with and enhance the 
high performance of all the other components. 
Every item carries our name, and we take full 
responsibility for it. 








A Macrodrive 5 is LKB’ safe and easy-to-use 
5 KV power supply, delivering constant voltage 
from 0-5000 V, constant current from 0-150 mA, 
or constant power from 0-200 W LKB - the electrophoresis experts 
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lertical Electrophoresis § Systems 


DNA/RNA sequencing 


Gel casting the easy way 

The advantages of ultrathin gels are only of 
interest if you're sure you can cast your gels easily, 
quickly and reliably. That’s why the LKB DNA/ 
RNA Sequencing System includes our Macromould 
Gel Casting Unit which uses a patented sliding- 
plate technique: the fastest and simplest method 
available for casting reproducible, bubble-free gels. 
With just a little practice, you will be able to 
produce perfect gels in under 60 seconds. The 
System includes interchangeable spacers and 
plates for casting gels 0.4, 0.2 or 0.1mm thick and 
190, 410 and 530 mm long. You can also use other 
length plates which you make yourself. 

Bitter experience may tell you that unless well 
supported, ultrathin gels tear very easily during 
removal, drying and storing. Sample slots may 
become deformed during a run, resulting in curved 
bands. To overcome these problems, the gels are 
covalently bonded to a glass plate for ease of 
handling. This is done in practice by casting the 
gel between a thermostatic plate coated with LKB 
Repel-Silane and a plate of float glass coated with 
LKB Bind-Silane. 

Even a 0.2 mm thick, 20% polyacrylamide gel, 
when bound in this way, can be dried down onto 
the glass plate without damage. The resulting film 
- now only 20 um thick - can then be placed in 
direct contact with the X-ray film, giving much 
sharper and better resolved bands than those 
obtained from a gel which has not been dried. 


<The LKB Macromould Gel Casting Unit makes 
it easy for you to cast reproducible and bubble-free 
ultrathin gels of different sizes and thicknesses in 
less than one minute 


Seriously, no smiling 

It is desirable to carry out electrophoresis runs at a 
high gel temperature in order to resolve clearly 
those nucleotides that are still compressed in 
conventional systems. In the LKB Macrophor, the 
thermostatic plate onto which the gel is cast is 
used to maintain the gel temperature. Warm water 
is circulated through the unit by the LKB 
MultiTemp II, thus ensuring that the temperature 
is constant everywhere in the gel and that all 
samples are run under identical conditions. The 
‘smile effect’ is thereby eliminated, making the 
bands straight and much easier to read. You can 
use the full width of the gel and obtain equally 
good results from all your samples. 


<The DNA/RNA Sequencing System, based on 
the LKB Macrophor Electrophoresis Unit, also 
includes a5 KV power supply, thermostatic 
circulator and all the necessary accessories 





Not convinced? 

Well, we don’t expect you to just take our word for 
all this. Call your local LKB representative right 
now and we'll arrange to show you the full 
capability of the LKB DNA/RNA Sequencing 
System. 
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BROMMA 


Head office: 
LKB-Produkter AB 
Box 305, S-161 26 Bromma, Sweden 
Tel 08-98 00 40 Telex 10492 
Main US sales office: 
LKB Instruments Inc A 
9319 Gaither Road, Gaithersburg g 
Maryland 20877 a 
Tel (301) 963-3200 a 
Telex 909870 (dom), 64634 (intern) uA 
UK sales office: ia 
LKB Instruments Ltd 
232 Addington Road, S Croydon 
Surrey CR2 8YD England 
Tel 01-657 8822 Telex 264414 
Other sales offices in: 
Antwerp, Athens (for Middle East), Bangkok, 
Copenhagen, Lucerne, Madras, Moscow, Munich, 
Paris, Rome, Turku, Vienna, Zoetermeer 
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Work With 
any Cell Types. 
So Does 
Opti-MEM' I. 


Introducing the First 
Multi-use R od 
Serum Medium. 
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E Only Opti-MEM™ I supports optimal growth with reduced 
~ fetal bovine serum for a wide variety of mammalian cells. Most 
É cells routinely cultured in serum-supplemented medium may be 


directly transferred into Opti-MEM™ I with a minimum of 50% 
reduction in serum. In addition to its versatility, many other 
unique features make Opti-MEM™ I the optimal choice for most 
cell culture needs. 

High performance. Opti-MEM™ I actually outperforms 
ordinary serum-supplemented media in many applications. 

Stringent testing. Opti- MEM™ I is performance-tested for 
cloning efficiency and growth promotion using various 
mammalian cell types, including murine myelomas, hybridomas 
and adherent cultures. In addition, Opti-MEM™ I is tested for 
pH, osmolality, endotoxin level and bacterial/fungal sterility. 

Stability. Opti- MEM™ I has a shelf life of six months from 
date of manufacture. 

Ease of preparation. Opti-MEM™ I is ready for use in 
only three steps: add 2-mercaptoethanol (included); mix 
thoroughly; and add fetal bovine serum. 

Economy. Opti-MEM™ I not only decreases the amount of 
costly serum needed, it also is less expensive than most other 
reduced serum media. 

For more information about Optic: MEM™ I, including perfor- 
mance data for a variety of cells, ask for our free technical 
brochure. 


GIBCO Opti-MEM™ I, the reduced serum 
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The grey-headed flying fox, Preropus poliocephalus. 
In this animal —- a bat, not a true fox — the 


organization of the brain is significantly different from 
that in mammals unable to fly. See page 477, and News 
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Everything you need 


Our new wheat germ extract, amino acid-depleted, 
nuclease treated (message dependent) code RPN.1, 
will efficiently translate mRNAs of both prokaryotic and 
eukaryotic origins. 


@ Broad range of translation 

This new translation system is pre-optimized for 
magnesium ion concentration and is supplied with a 
potassium acetate solution to enable a broad range of 
messages to be translated. 


@ Flexibility 

The wheat germ extract may be ordered separately or 
together with our standard HPL mRNA, code N.289, 
methylated molecular weight markers, codes CFA.626 
and CFA.645, and human placental ribonuclease 
inhibitor, code N.120. 
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@ Choice 
The extract allows you to use both the amino acid and 
label of your choice. 


@ Economy 
Sufficient reagent is supplied for 100 translation 
reactions. 


Related products available 

Rabbit reticulocyte lysate, codes N.90/N.150 
Human placental lactogen mRNA, code N.289 
Human placental ribonuclease inhibitor, code N.120 
Canine pancreatic microsomal membranes, code N.270 
Amplify™-— fluorographic reagent, code NAMP.100 
Unlabelled amino acid mixtures, codes N.121—N.141 
Amino acids labelled with "5S, 9H, "C and 75Se 
Methylated protein molecular weight markers, 
codes CFA.626/645 

TMV mRNA, code N.149 


For further details, contact our Research Products Technical Service or your local representative. 
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New NYTRAN* Transfer 
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No wonder new NYTRAN is in the spotlight. 
It outperforms every other nylon transfer membrane 
available today. NYTRAN is nylon-66 modified with 
a positive charge, giving you these unique advantages: 
e Very high binding capacity 
t immobilize entire samples, even nucleic acids of low 
molecular weight. 
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tw eliminate tears, cracks and curls—wet or dry—and It's 
autoclavable. 
e Strong retention 
tm hold DNA/RNA/protein for frequent re-probing. 
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pore sizes, in both standard and custom dimensions. It is 
naturally hydrophilic, and lot-to-lot consistency is excellent. 
Now there's new NYTRAN to complement S&S NC™ 
nitrocellulose. That makes Schleicher « Schuell the only 
company to give you the two leading transfer membranes. 
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Warnock proposals in trouble 


By being dilatory, the British government has allowed its policy on in vitro fertilization to be under- 


THE predicted worst seems about to happen in the regulation of 
the new embryology in Britain. The six months since the 
appearance of the report of the Warnock committee (see Nature 
310, 266; 1984) have over-strained the patience of some members 
of the House of Commons, whose clamour for legislation to ban 


i, this or that has now given way to the sport of drafting home- 


made and half-baked legislation. Mr Enoch Powell, the 1960s 
‘minister of health who shocked the pharmaceutical industry of 


_ the time by taking powers to let the British government buy round 
~ drug patents, and who has since found orthodox Conservative 


policy on social questions such as immigration so intolerably 
liberal that he has become an Ulster unionist, published last week 
the text of a blunderbuss bill. The effect would be to make all 
observation of human embryos a criminal offence, and to restrict 
the practice of in vitro fertilization to those cases in which the 
supposedly infertile woman had been named in advance by 
licensed physicians, who would have to have been given 
permission to go ahead by the Department of Health. If enacted, 
this bill would be much more restrictive than the Warnock pro- 
posals on the subject. The immediate anxiety is whether Mr 
Powell’s bill can succeed. 

Ordinarily, in British parliamentary procedure, private 
members’ bills are not conspicuously successful. Much depends 
on the popular support they command. The most recent success 


; :- -for the procedure was the enactment (last year) of a bill to permit 
the censorship of video-films intended for use in people’s homes, 


an illiberal measure so inconsistent with British law on other kinds 
of publications that the government, while sharing the populist 
opinion that what were called ‘‘video-nasties”’ should be banned, 
would not have wished to be seen to argue the case for extending 
censorship. The case of Mr Powell’s bill is different. The govern- 
ment would obviously prefer to retain the initiative, introducing 
legislation of its own. Procedurally, it has many devices at its 
disposal for throwing Mr Powell’s bill off course, from declining 
to provide parliamentary time for discussion to preemption, the 
introduction of a bill of its own. On this occasion, preemption 
would be the best strategy, but the government is in a fix because 
it seems not yet to have made up its mind what should be done, 


“and because of the legal problems of drafting legislation that will 


satisfy popular opinion (hostility to surrogacy and the study of 
human embryos) without making criminal offences of existing 
practices. But the government will have to show its hand on Friday 
next week, 15 February, when the principles of the Powell bill 
are to be debated. 

The danger is that Britain will be stampeded into over-hasty 
legislation which then, in the nature of things, will persist as law 
until some future government has the political courage to take 
on the alliance of interests opposed to novel practices in human 
embryology. The simplest and safest way out of this dilemma 
would be to forestall support for the Powell bill by enacting now 
what must be the essential ingredients of the system of regula- 
tion that will have to be established both for clinical practice and 
research. The generally agreed common denominator is a system 
for licensing both practitioners and laboratory researchers, and 


“there is good reason why the government should go beyond the 


recommendations of the Warnock committee by requiring not 
merely the licensing of the people carrying out new procedures 
or research but also some kind of consideration of the necessity 





_ mined by an ordinary member of parliament. It should quickly set up a licensing committee. 


for that work. In short, there should be a licensing committee. 
whose function would be to license physicians offering established - 
procedures (artificial insemination) as well as in vitro fertilization. 
to consider the merits of suggested scientific investigations (and 
to say yes or no) and also to consider on their merits proposals 
to carry out procedures that Warnock would have banned. 
There is a precedent for some such arrangement, the Genetic 
Manipulation Advisory Group which had legal powers to sanction 
individual experiments in biotechnology and related fields. The 
system worked well, and served to satisfy both public anxiety that 
genetic manipulation would be attended by novel dangers and 
researchers, most of whom accepted that irritating delays were 
a necessary price to pay for public acceptance of a novel field. 


«Bxactly the same principles could be made to apply in human 


embryology. The issue is again that the British public (and many 
of its representatives in the House of Commons) have taken fright 
at some of the procedures that are now feasible, and that do 
indeed raise ethical and legal issues which are difficult and novel. 
But nobody can at this stage (the Warnock report notwithstand- 
ing) hope to know just what the problems are, let alone how best 
to balance the difficulties against the potential benefits, both in 
medical practice and research. 

So much is clear from the response of the Medical Research 
Council to the Warnock recommendations, published at the end 
of last month (see page 424). The council accepts that there should 
be a licensing authority, and even suggests that it might set up 
a voluntary systern of its own in advance of whatever emerges 
from the British government’s brooding on the subject. But it 
also makes the telling point that the Warnock distinction between 
“research” (which would be allowed) and “new and untried 
methods of treatment’’, which would be disallowed, is 
nonsensical. The council also politely complains that the Warnock 
recommendation that inter-specific fertilization should be strictly 
forbidden could put an end to the present use of hamster ova 
as an assay for the motility of human sperm. E 

The plain truth, which all but the root-and-branch opponents 
of innovation in human embryology and the treatment of 
infertility must recognize, is that the present time is one at which 
the problems attending the new opportunities, both in medical 
practice and in research, are much more easily defined than arec 
the benefits, which will become apparent only with the passage 
of time. That is why the government needs to buy not merely 
for itself but for the potential beneficiaries of the new techniques 
a breathing space in which mature consideration can inform 
permanent legislation, Setting up the licensing authority, backed 
by a legal requirement that would-be innovators should disclose 
their plans and wait for them to be approved, is the only way 
forward that makes sense. And that could be done quickly, 
perhaps even by next Friday. 

The Law Society (see also page 424) has a series of more 
intricate points to make. ‘‘Consider first the interests of the 
child”, it says, which is an appealing doctrine only for as long © 
as the conventions of traditional society apply. But what about 
the real world in which the assumption that Mendelian genetics 
apply is distorted by the frequency of unconventional behaviour, 
non-marriage, for example? And is there not, in any case, a. 
proper sense in which the interests of children in general may: 
supervene over the interests of individual embryos? E: 





The search for mythical monsters in the 


United States is like that at Loch Ness. 
--THEY just don’t make mythical creatures like they used to. For 
one thing, they used to come in a healthy mix of body sizes. But 
ever since the business fell into the hands of people with a special 
ability to raise money for expeditions to interesting places 
(invariably equipped with cameras whose lens caps show a special 
propensity for remaining in place at critical moments), little has 
© been heard of leprechauns (small) or unicorns or centaurs (roughly 
average). Taking their place are the Loch Ness monster 
(monstrous), Yeti (abominable, if not large) and Big Foot (large 
feet, at least). Perhaps there is something especially appealing 
in the idea of modern science having missed big things. Certainly 
an expedition to hunt for mythical bacteria would not be a 
financial success. (But viruses are excellent candidates for 
_“cryptoorganisms’”’. If the proposed Reagan administration cut 
dn NIH grants is carried out, virologists might consider making 
a direct appeal to the public for support of a hunt for “‘living 
“fossils, mysterious half-dead, half-alive creatures that have 
‘colonized the Earth from its earliest days, invisible to us, ready 
at any moment to seize control of human or animal bodies to 
‘reproduce themselves”. It might just work; sale of the movie 
rights could finance a new electron microscope.) 

In reality, the correlation between ephemerality and size may 
be just one of those quirks of nature, akin to the indisputable 
fact that airplanes and ships mysteriously vanish but that trains 
never do. Regional pride may also matter, as with the competitors 
to the Loch Ness monster that have recently been championed. 
One of the odder recent manifestations of regional pride in 
defence of a local ephemeral best was in Washington State, where 
a public outcry followed the announcement by a former US Army 
Ranger that he was tired of all of those blurred photographs and 
footprints that, yes, might have been left by a big hominid but 

might, too, have been spots where a long-nosed dog laid down 
in the dirt, and that he was going to go out and shoot him a Big 
Foot. 

Several indignant counties passed ordinances to outlaw the 
hunt. (They were also concerned about threats by a Big Foot 
conservation group is disrupt the hunt.) One local law made it 
a “gross misdemeanor” to kill a Big Foot with malice (one year 

_in the county jail, $5,000 fine, or both). The local chambers of 
commerce, which know a good thing when they see it, may have 
had a hand in the passage of the legislation. The thousands of 
outraged citizens who called the fish and game department to 
complain of the impending hunt are not so easily acquitted. 

Local pride and a nose for publicity may also be the charitable 
explanation of the recent move by the commission overseeing 
matters related to Chesapeake Bay to take up the question of 
mounting a scientific investigation of ‘‘Chessie’’, the New World’s 
answer to Nessie, as the Loch Ness version is known. (Actually, 
it is only one of the New World’s answers; the Vermont Tourism 
Council would be sure to complain at any omission of reference 
to ““Champ’’, which lives in Lake Champlain.) The potential for 
mischief here, however, is far greater than in the passage of 
ordinances declaring Big Foot out of season. 

Chesapeake Bay, which provides fishermen in Maryland, 
Virginia and Delaware with a direct livelihood, and which 
“indirectly supports much of the economy of the region, has 
become a model for studies of complex aquatic ecosystems and 
their interactions with man-made pollutants. Efforts to halt the 
deterioration of the bay depend greatly on developing a better 
understanding of these interactions, particularly the very 
complicated part played by non-point-source pollution, including 
agricultural run-off. It is sad to see the powers-that-be pursuing, 
or even contemplating, a will o’ the wisp. 

It is not clear just how Chessie came to be on the commission’s 
agenda, though if the Big Foot outrage in Washington State is 
an indicator, it may have been the result of activism by devotees. 
Administrators should remember, though, that science is rarely 



































































practise popu y. Those put 
nsist on seeing science as a special-interes' 

politics-as-usual should heed last year’s Gallup poll which showed 
that only 18 per cent of US teenagers (usually a credulous bunch) 
said they believed in it, a sharp decline from 31 per cent in 1978. 
It is perhaps best not to mention how many said they believed 
in ghosts. Astrology (at 59 per cent) is obviously a less special 
interest. g 


Oxford’s indiscretion 


Those who denied Mrs Margaret Thatcher an 


honorary degree should now count the cost. 


FROM time to time, the University of Oxford distinguishes itself 
by means of a controversial ballot on a controversial topic. In 
1937, for example, Oxford undergraduates voted for the proposi- 
tion that they ‘‘would not fight for king and country’’, earning 
for their pains a certain notoriety and, by some accounts, help- 
ing to earn a short while later an opportunity to prove that they 
had not meant what they said. Last week, Oxford academics took 
up their ballot papers on the narrower issue of whether the British 
Prime Minister, Mrs Margaret Thatcher, should be awarded the 
honorary degree with which all previous British prime ministers 
who happen to have been Oxford graduates have been reward- 
ed. The case against the university administration’s plan was that 
the present British government has been beastly to British higher 
education and, latterly, towards research. Now, to their own con- 
siderable surprise, Oxford’s academics find that the discontented 
have mustered two-thirds of the votes, that Mrs Thatcher has 
been snubbed and that the university’s chancellor Lord Stockton 
(still better known as Mr Harold Macmillan), himself recently 
an oblique critic of the government, has taken them to task for 
discourtesy. Now, the worry is what the retribution will be. 
Fair play will probably ensure that no ton of bricks falls on 
Oxford, or on universities in general. Direct public subvention 
of the universities is channelled through the University Grants 
Committee, unlikely to be much influenced by Oxford’s show 
of defiance. Subventions from the research councils of academic 
research are similarly unlikely to be biased against what may be 
thought a wayward university, even though the Secretary of State 
for Education and Science, Sir Keith Joseph, is personally told 
of all proposals to make research grants above a value of £50,000. 
The delicate network of committees responsible for these distribu- 
tions will no doubt meticulously avoid anything that seems like 
taking sides. The retribution will come in a different form, and 
will unhappily affect all British universities, not just Oxford. 
The British government’s policy towards higher education and 
academic research is generally acknowledged to be mistaken, 
short-sighted and potentially disastrous. The cuts in university 
budgets decreed four years ago were arbitrary and have since been 
enforced in needlessly arithmetical fashion. On research, the 
government has not until recently listened with anything like 
enough care to warnings that the system is so short of funds that 
the damage done would far outweigh the money saved by the 
economics demanded. Sir Keith Joseph’s failure to deliver in full 
December’s promise of extra money for the research councils and 
the grants committee, apparently an important factor in last 
week’s vote at Oxford, can however be regarded in two ways — 
as a proof of muddle (which it was) and as a sign of repentance 
(which is probably also true), What voting Oxford academics last 
week overlooked is that British universities troubles have roots 
in the way the universities lost all their political friends in the 
late 1970s, after they had greeted the then government’s state- 
ment of the academic money problem with a mixture of derision 
and indifference. In the past few months, there have been signs 
that the quarrel was about to be patched up. The danger is that 
a vote whose chief purpose seems to have been a snub will make 
it harder to bridge the conflict between academics and the rest 
of the world, and may even again inflame curiosity about univer- 
sities’ conduct of their own affairs that recently has been so 
unwelcome. a 













































` Basic science still to 


grow, but less quickly 


= Washington 


SCIENCE has emerged largely unscathed in 
President Reagan’s proposed budget for 
fiscal year 1986. Although once again the 
major increases have been reserved for 
military research and development (see 
below), the federal programmes that sup- 
port the bulk of scientific research, 
particularly basic research at universities, 
seem to have been granted a special dispen- 
sation from the draconian measures applied 


` elsewhere in the non-military portions of 
the budget. 


~The large increases slated for the Depart- 


ment of Defense and the administration's 
refusal to consider a tax increase made it 
a. foregone conclusion that this year’s 


budget would not embody much improve- 
ment in the record federal deficit. The 1986 
deficit is projected officially at $180,000 
million; even by 1988, the last year of 
Reagan’s term, the deficit will be down 
only to $144,000 million. 

This is in spite of a series of severe cost- 
cutting measures: a 5 per cent pay cut for 
all federal civilian employees; a cut-off of 
government-subsidized student loans to 
families earning more than $32,500 a year, 


Losers for 1986 


Washington 
“THE. major losers in this year’s science 


budget are not the major grant-making 


agencies. The Sea Grant programme of the 
National Oceanic and Atmospheric 
Administration (NOAA), disliked by 
science adviser George Keyworth, is due for 
elimination. NOAA’s Great Lakes 
Environmental Laboratory would be shut 
down, as would the undersea research 
programme and the Coastal Zone Manage- 
ment grants. The National Bureau of 
Standards (NBS), like NOAA a part of tke 
Department of Commerce, is also 
earmarked for cuts. The administration will 
try once again to terminate NBS’s fire 
research and building research 
programmes; NBS would lose about $17 
million in operating funds overall, out of 
roughly $120 million. Overall, the 
Commerce Department research and 
development budget is to fall by $110 
million, to $271 million. 

The US Geological Survey, part of the 
Department of the Interior, is due for a 2 
per cent cut, to $588 million in total obliga- 


` tions. Other losers are the Department of 
: Transportation, the Veterans Administra- 


tions and the Nuclear Regulatory Commis- 


“sion all of which face cuts of a few per cent 


in various small research programmes. 
Stephen Budiansky 











a cut-off for student grants at $25,000 a 
year and a provision that no student can 
receive more than $4,000 a year from public 
sources, loans or other subventions; a 
freeze on payments to physicians and 
hospitals under Medicare (which covers 
those eligible for social security retirement 
or disability payments) and a freeze on the 
number of persons covered by Medicaid 
(which is for those eligible for welfare 
payments); and a freeze on pensions for 
federal employees. 

As always, the final shape of the budget 
for the financial year beginning on 1 
October 1985, will be determined only after 
the details have been scrutinized by the 
responsible congressional committees and 
after Congress as a whole has had its say 
on the issues raised by the budget. The 
proposed cutbacks in social programmes 
and the increase of defence spending will 
be two major issues, the size of the deficit 
another. 

Science has, however, taken its medicine 
(see below). While federal research and 
development is to increase by 12 per cent 
overall, the non-defence portion of that is 
actually due for a 4 per cent cut. Basic 
research is to receive a 1 per cent overall 
increase, behind the inflation rate. But 
researchers who rely upon the major 
federal grant-givers, the National Science 
Foundation (NSF) and the National Insti- 
tutes of Health (NIH), have little to worry 
about. The 4 per cent cut is coming out of 
the technology-development programmes 
that the Reagan administration has never 
liked. And while there are to be no new 
construction projects beginning in 1986, 
neither will there be any cancellations of 
projects already under way. 

National Science Foundation 

After two years of healthy increases in the 
NSF budget, this year’s single-digit growth 
of 7 per cent may seem small. But that is 
still well ahead of inflation. NSF’s engi- 
neering programme will receive the greatest 
percentage gain, 13 per cent; the founda- 
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tions’s new engineer director, 
is pushing to expand the Engineering Rë- 
search Centers programme at universities, - 
Mathematical and physical sciences are’ 
slated for an 8 per cent increase, as are 
biological sciences; earth sciences would get 
a 6 per cent rise. After initially resisting. 
congressional enthusiasm and a National 
Science Board recommendation, the 
administration this year is proposing a` 
major programme not only to improve” 
access to supercomputers but actually to 
purchase machines and create supercompu- 
ter centres around the country at a cost of | 
$46 million. 
Science education, which, along with all 
federal education programmes had been on 
the administration’s hit-list until the 
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Nan-defence R&D 


1980 1981 1982 1983 1984 1985 1986 


The growth in defence research 
and development during the Reagan years. 


deteriorating state of the nation’s schools 
became a campaign issue for President 
Reagan, will remain at the present level of- 
$83 million. Graduate fellowships will also 
remain at the present level ($27 million’ 
within that total). 

National Institutes of Health 

Word leaked out last month about the 
administration’s plans for dealing with the’ 
ever-expanding NIH budget, so there are 
no surprises in the official budget. Congress 
invariably tries to one-up the administra- 
tion when it comes to NIH support; last 
year, Congress voted to give NIH extra 
money to increase new research grants each 
year from 5,000 to 6,500, 

The administration, determined to hold ` 
the line, has ordered NIH to award only 
§,000 this year, disposing of the excess 
funds by committing them to the future 
years of a portion of the three-year grants 
awarded now. The 5,000-grant limit would 
remain for 1986. The move would prevent 
annual increases of about $300 million in 





Defence-related 

Health and Human Services 
(NIH) 

Energy 

NASA 

NSF 

Agriculture 

EPA 

All others 

R&D facilities 


Total 





1984 1985 1986 
actual estimated proposed 
$26,408 32,318 39,426 
4,836 5,472 5,159 
(4,252) (4,835) (4,561) 
4,642 4,805 4,712 
2,877 3,506 3,730 
1,203 1,354 1,447 
868 940 882 
261 312 327 
2,104 2,248 1,915 
1,853 2,237 2,075 
45,052 $3,195 $9,673 



























































Agriculture 

Hopes for a $100 million competitive grants 
programme have evaporated. Last year, the 
Reagan administration managed against all 
odds to secure almost the full authorized 
level of $50 million for this programme, the 
only alternative to the automatic 
formula-funding to the land-grant colleges 
and the agency’s in-house Agricultural Re- 
search Service (ARS). With the farm bill 
up for renewal this year, there was talk of 
pressing an expanded programme that 
would become the major mechanism for 
supporting agricultural research. Instead, 
the administration is proposing to hold the 
“programme at its present level of $46 
“million. ARS is to be cut by 2 per cent, to 
$485 million; formula funds will be held at 
last year’s level of $258 million. 
Aeronautics and Space 

The space station continues to dominate 
NASA’s research and development pro- 
gramme, jumping to $220 million from the 
present $140 million. Physics and 
astronomy are due for a 10 per cent cut, 
planetary exploration for an 18 per cent 
increase. But these changes appear to 
reflect an overall decision to maintain pre- 
vious commitments while not starting any- 
thing substantially new. Galileo and the 
Space Telescope are due for launch in 1986; 
work will continue as planned on the Venus 
Radar Mapper, the Mars Geoscience/Cli- 
matology Orbiter, the Gamma-Ray Obser- 


-More for star wars 


Washington 

TRUE to its avowed policy of strengthening 
national defence, the administration’s 
budget request for the Department of 
Defense is up by $29,000 million, to 
$323,000 million. The defence proposals 
can be expected to have a rough passage 
through Congress, however, and the 
department’s 1986 budget plan might look 
rather different by the start of the fiscal 
year next October. 

The administration is looking for a 22 
per cent increase in defence-related research 
and development, bringing the total to 
$39,400 million, or 50 per cent above the 
1984 level (see graph). If the administra- 
tion gets its way, the Defense Department 
will account for 65 per cent of total federal 
expenditure on research and development, 
estimated at $60,000 million. 
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the Upper Atmosphere Research Satellite. 


Efforts to promote space commercializa- 
tion will be boosted more than threefold, 
to $40 million. 

Energy 

An overall 2 per cent cut is planned for the 
Department of Energy; following the well- 
worn Reagan Administration path, these 
cuts will come in magnetic fusion, solar and 
fossil programmes. But this time cuts are 
due in fission research as well, and even in 
basic research. The high-energy physics 
budget is to fall by $35 million, to $510 
million; nuclear physics is to fall by 4 per 
cent, to $173 million. 

No new major facilities will be started 
in 1986, although there is a small request 
for funds to support research into future 
accelerator designs. The capital equipment 
request will provide ‘‘only the highest 
priority needs” for instrumentation at the 
Stanford Linear Collider and the Fermilab 
Tevatron accelerators now nearing 
completion. Preparatory work on the 
Continuous Electron Beam Accelerator 
Facility at Newport News, Virginia, is to 
continue. 

Magnetic fusion is to take a major cut, 
however, from $434 million to $390 
million. Fission research, which includes 
breeder reactor technology, will fall by 8 
per cent. And alternative energy pro- 
grammes are due for the annual Reagan 
attempt at virtual elimination. 

Stephen Budiansky & Tim Beardsley 





Basic research will be increased by 16 per 
cent to $962 million, and there will be an 
“increased emphasis’’ on the development 
of a ballistic missile defence system — the 
Strategic Defense Initiative (SDI), better 
known as ‘‘Star Wars”. Total proposed 
support for SDI in 1986 is £3,700 million; 
topics listed include space surveillance and 
target acquisition, directed energy and 
kinetic energy weapons battle management 
systems and system survivability. 

Other major research and development 
projects are mentioned: the Small Inter- 
continental Ballistic Missile or Midgetman, 
with its hardened mobile launcher; the 
Trident H strategic missile; the MX missile, 
deployment of which is counted 
“essential”; and the Advanced Tactical 
Bomber. 

Tim Beardsley 








Expenditure on Strategic Defence Initiative ($ million) 















Surveillance, acquisition, tracking and 
kill assessment 

Directed-energy weapons 

Kinetic-energy weapons* 

Systems concepts and battle management 
Survivability, lethality and support 

Total 





1985 1986 
546 1,386 
376 965 
256 860 

99 243 
112 258 
1,389 3,712 











*This includes rail guns and new technology, as well as incorporating the high-velocity rocket 
programmes that had been part of the Army’s old ABM programme for defending ICBM sites. 























Board plans 
more active role 


Washington 

THE US National Science Board, the 
policymaking body of the National Science 
Foundation (NSF), last week took steps to 
increase its effectiveness in strategic 
planning. The hope is that, by wasting less 
time rubber-stamping grants that have 
already been approved in principle, the 
24-member board will spend more time on 
identifying future scientific needs. 

Constitutionally, the relationship 
between the board and NSF is anomalous, 
one that does not function well within the 
US government. In title supervisory, the 
board is composed of part-time people who 
cannot hope to keep on top of the full- 
timers at NSF and who cannot pretend to 
give them directions without causing 
trouble. Only rarely in the past three 
decades have the board chairman and the 
NSF director been eager for a symbiotic 
relationship, with the board functioning as 
a high-level lobbyist. But that the time may 
have come. 

The science board, hitherto widely 
regarded as having been rather ineffectual, 
is required by law to approve all NSF pro- 
grammes entailing a new commitment of 
$2 million or more, or the spending of more 
than $500,000 in one year. Despite infla- 
tion in science as elsewhere, these dollar 
amounts have not changed since 1968, so 
much time is now spent reviewing indivi- 
dual grants in the high-spending areas. In 
future, however, the board will delegate 
routine renewals to NSF director Erich 
Bloch; Congress will be asked to remove 
legal obstacles standing in the way. 

The new initiative, which also involves 
a thorough shake-up of the science board’s 
committee structure, has been instigated 
jointly by Bloch and Dr Roland Schmitt, 
chairman of the science board. Both men 
have brought big-business experience to 
their positions and the organizational 
changes are seen as a reflection of this. 
While the changes will not immediately 
affect most active scientists, prudent heads 
of research institutes will want to pay close 
attention to science board plans to give 
special support to deserving subject areas, 
according to Leonard Redecke, executive 
secretary to the NSF programmes council. 
A new committee of the science board will 
give increased prominence to the interests 
of minority groups. 

There could yet be some troublesome 
legal obstacles, however. The NSF re- 
authorization bill would be the obvious way 
for Congress to make the changes to the 
National Science Foundation Act that NSF 
is now requesting but, because of a juris- 
dictional dispute between two Senate com- 
mittees, NSF has not been reauthorized for 
the past four years. No early solution of 
that dispute is in prospect. oO 















Australian oceanography 





Canberra 

Two research vessels now undergoing sea 
trials off Australia will make a big dif- 
ference to the country’s civilian research ef- 
fort.in the marine sciences, and so help to 
fill the large gaps in present knowledge of 
the enormous sections of the Indian, 
Pacific and Southern Oceans to which 
Australia lays claim. 

Declaration of the 200-nautical-mile 
Australian Fishing Zone (AFZ) in 1979 
made Australia responsible for approx- 
imately 7 million square kilometres of 
ocean, almost the same as the Australian 
land mass and second only to the US zone, 
which totals 7.8 million square kilometres, 

In 1981, the Australian Marine Sciences 

and Technologies. Advisory Committee 
{(AMSTAC) painted a gloomy picture of 
the state of physical oceanography and 
marine geoscience. Its reports described 


ORV Franklin 

fragmented research and a general lack of 
coordination during the 1970s, stressing 
that the most obvious deficiency in the 
Australian programme was lack of access 
to deep-water research vessels. 

The 53-metre Soela had served as a blue- 
water workhorse for the Commonwealth 
Scientific and Industrial Organization 
(CSIRO)’s Fisheries Division (at that time 
not yet split from the CSIRO Division 
of Oceanography), but Australia’s small 
band of oceanographers had had to make 
do with the converted ocean-going tug 
Sprightly which, according to the 
AMSTAC report, barely met the mini- 
mum requirements for deep-water 
oceanographic research. 

Keen to enhance Australia’s credibility 
as the keeper of such a huge area, the 
Fraser government accepted a series of 
recommendations for the purchase or hire 
of a number of ocean-going ships totalling 
as many as six by 1986, but it was the end 
of 1984 before any of these craft hove into 
view, 

A certain amount of space occasionally 
became available for civilian research on 
the Royal Australian Navy’s 96-metre 
oceanographic vessel HMAS Cook, com- 
missioned in 1980, but a great deal more 
work was judged by AMSTAC to be 
necessary in all fields. As a result, CSIRO 
will now have its own purpose-built blue- 





Going to sea at last 





water vessel and the Bureau of Mineral 
Resources, Geology and Geophysics 
(BMR) will charter one. 

No new vessels are in prospect for the 
Department of Science’s Antarctic Divi- 
sion, however, nor for the Australian In- 
stitute of Marine Science at Townsville, 
which concentrates on research into the 
Great Barrier Reef. 

Last month, the CSIRO Division of 
Oceanography (now at its new home in 
Hobart, Tasmania) began putting the new 
ship, the Oceanographic Research Vessel 
(ORV) Franklin, through harbour and sea 
trials. Designed in West Germany, the 
1,100-tonne 55-metre vessel will be 
operated as a national facility and, like the 
celebrated Franklin River in south-west 
Tasmania, is named after Sir John 
Franklin, Governor of Tasmania from 
1837 to 1843 and recognized as the 
discoverer of the North-West Passage be- 
tween Greenland and Alaska. 

Built at a cost of $A12 million, the 
Franklin’s design complements rather than 
duplicates functions of other vessels used 
for fisheries research, geological explora- 
tion and Antarctic research, and so is not 
ice-strengthened or equipped with heavy 
trawling winches. The design, nevertheless, 
does embrace the needs of occasional and 
possibly inexperienced research teams 
working side by side on different projects. 
A total of twelve scientists may be accom- 
modated and a crew of thirteen. With 
computer-controlled bow and stern 
thrusters, the Franklin can hold station 
under heavy conditions. 

BMR, on the other hand, has chartered 
a specially-designed geoscientific research 
vessel for two years in the first instance. At 
1,543 tonnes and 73 metres in length, RV 
Rig Seismic will be manned by a crew of 
fourteen and permits accommodation for 
up to twenty scientists for a maximum 
cruise duration of 80 days. In recent years, 
the BMR marine geosciences programme 
has included studies of Bass Strait, the 
Great Barrier Reef, and geoscience cruises 
in the south-west Pacific in partnership 
with New Zealand and the United States, 
to assist small island nations in assessing 
the geological framework and mineral 
potential of their offshore areas. 

Early cruises planned for Rig Seismic in- 
clude geophysical experiments and 
geological sampling of the Heard/ 
McDonald Plateau near Kerguelen Island 
and cooperative projects with the 
Bundesanstalt fiir Geowissenschaften und 
Rohstoffe (West Germany) on cruises to 
the Lord Howe Rise, South Tasman 
Plateau and the Otway Basin. Later in the 
year, BMR will conduct two-ship crustal 
refraction experiments on the Exmouth 
Plateau in a cooperative exercise with RV 
Robert D. Conrad of the Lamont-Doherty 
Geological Observatory. Jeffrey Sellar 





| Canada baboon 
cruelty trial 


Washington 
A PHYSIOLOGIST and the chief veterinarian 
at the University of Western Ontario, 
Canada, are facing possible prosecution for. 
cruelty to animals over an experiment in 
which a baboon was kept for several 
months in a restraining chair. The case is. 
believed to be the first in Canada brought: 
against researchers following complaints by. 
an animal welfare group. ; 









The worst cruelty, Your Honor, 
was those endless repeats 













The experiment, by Dr Bernard Wolfe, 
was to examine dietary and hormonal in- 
fluences on cholesterol and lipid metabol- 
ism, The veterinarian at the university who 
is also charged is Dr William Rapley. Th 
experiment was supported by the Canadian 





Medical Research Council and the Ontario 
Heart and Stroke Fund; the protocol and 
the laboratory have been approved by the 
Canadian Council on Animal Care. 

The complaint, filed by a group called 
Lifeforce, followed a number of protests 
and break-ins at the university inspired by 
Wolfe’s experiment, and some other experi- 
mental animals have been stolen. The com- 
plaint is made under a section of the 
Canadian criminal code which makes it an 
offence wilfully to cause unnecessary pain, 
suffering or injury to ‘‘an animal or bird”. 
Whether the defendants will go to trial will | 
be decided at a hearing before a provincial 
court judge on 15 February. The university 
will be meeting all of their legal costs. 

The baboon in the experiment was fed 
a regular diet formulated for baboons; 
other nutrients were occasionally intro- 
duced by catheter into the gut. A univer- 
sity spokesman rejected the accusation of 
some protesters that the animal was totally. 
immobilized; its head and legs were re- 
strained and the animal could groom itself, 
though it was prevented from reaching the 
catheters. The baboon showed no obvious 
signs of distress, according to the spokes- 
man, and spent much of its time watching. 
television. Tim Beardsley 
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ein space 


EUROPEAN science ministers agreed in 
¿principle at Rome last week to participate 
n the US project to place a permanent 
“manned space station in space by 1992. 
But any excitement that officials at the 
US National Aeronautics and Space 
Administration (NASA) may feel should 
be tempered with caution. For Europe 
is promising to drive a hard bargain, 
with what French sources describe as ‘‘the 
bitter experience of Spacelab” clearly in 
mind. 
< According to members of the European 
space technology centre, ESTEC, in the 
“Netherlands, from which the Spacelab 
project was managed, Europe in nego- 
-tiating was ‘‘not clever enough”’ in striking 
the deal that gave NASA two Spacelabs 
(pressurized microgravity and astronomical 
research modules) to fly on the Space 
` Shuttle, in return for just one week of joint 
experiments. 
The European investment in Spacelabe 
is estimated at $600-700 million, but the 
return has been small. Some European 
experiments continue ‘‘but we are at the 
mercy of what NASA committees decide’’. 
According to one British Spacelab user, US 
researchers are ‘‘screwing everything they 
can get’? out of Spacelab, but rarely 
indicate its European origins. Hence the 
“bitterness’’ felt in France and a deter- 
mination to do better with the space 
station. 
Thus over the next two years the 
European Space Agency (ESA) will be 
negotiating terms of participation with 
NASA which will require: 
@ Participation in scientific planning. 
e@ Guaranteed use of the space station 
even if Europe develops its own deep space 
. communications system and manned access 
systems, and so does not need the whole 
US infrastructure. 
@ No “discrimination” against European 
users. 
@ Patents rights in results discovered. 
è Fair costing. 
These and other points must be ‘“‘guaran- 
teed” before Europe will make a final 
commitment to the space station, it is said 
at ESA. 
Meanwhile, though, European ministers 
have agreed to enter ‘“‘phase B” (detailed 
planning and costing) studies of a British 
Aerospace free-flying unmanned platform 
to which modular satellites may be locked, 
and which may fly in polar orbit or in an 
orbit somewhat above the space station; a 
German-Italian manned experiment 
module called Columbus (developed from 
Spacelab) to dock with the US space 
station; and the development of a large 
cryogenic engine (HM 60) to power a fifth 
series of Ariane conventional space 
launchers. 
The ministers also agreed that further 
attention should be paid to means of pro- 


Ministers to drive hard bargain | 


viding independent European manned 
access to the space station. But there was 
no specific commitment to Hermès, a 
French mini-shuttle, or to HOTOL, a 
British concept of an air-breathing hori- 
zontal-take-off launcher, which the French 
science minister M. Hubert Curien jokingly 
described as ‘‘typical British right-angled 
thinking’. Britain had developed the 
vertical take-off aircraft; inevitably, it was 
now talking of the horizontal take-off 
rocket. : 






















Other than preliminary participation in 


the space station, ministers at Rome also 
agreed to an increased ESA space science 
programme, paid for by members’ compul- 
sory subscriptions to the agency. These will 


British space agency 


Centre seeking definition 


BRITAIN has decided to establish a space 
agency, the British National Space Centre 
(BNSC), but it is not yet at all clear what 
the centre will do, what powers it will have, 
or how much it will have to spend. Britain 
may also spend more on HOTOL, the 


British Aerospace concept of a horizontal 


take-off spacecraft, which seems for the 


moment to be little more than a few notes 
on the back of an envelope and is, accord- 
ing to British Aerospace, “‘turn-of-the- 
century stuff’’. 

As for BNSC, details will emerge ‘‘in a 
couple of months’’, says the Department 
of Trade and Industry, which shares with 
the Ministry of Defence the Royal Aircraft 
Establishment, Farnborough, where BNSC 
will “probably” be based. 

Even this ghost has, however, been well- 
received by British industry, which has been 
pressing for better coordination of space 
policy, and the name alone no doubt 
impressed European partners in last week’s 
ministerial space meeting in Rome. French 
and German ministers both commented 
favourably on Britain’s apparently greater 
commitment to space. 

Space scientists in Britain, however, will 
not be much impressed until it is decided 
whether BNSC will pick up the tab for 
membership of the European Space Agency 
(ESA). This is now £11.2 million a year and 
is paid by the Science and Engineering 
Research Council (SERC). British tech- 
nology minister Geoffrey Pattie agreed in 
Rome to increase the sum by five per cent 
this year, and five per cent compound (and 
in real terms) for four years thereafter, so 
as to pay for an increased and more 
coherent ESA research programme 
(‘Horizon 2000’’). If SERC continued to 
pay this subscription, it would thus have 
to be finding another £4 million for space 
science in five years’ time, which it can ill 
afford. But if Mr Pattie’s BNSC paid the 
sum all would be well. 





now TE 
for five years, thus providing the 
the “Horizon 2000” research programme 
worked out by ESA’s science branch over 
the past year. Britain objected to agreeing 
the increase for ten years, however, as 
requested by ESA, and has limited agree- 
ment until 1989, when the sums must be 
renegotiated. 

Nevertheless, according to ESA’s 
scientific director, Roger Bonnet, the result 
was as good as could have been hoped 
(Britain had been talking of three per cent 
which, says ESA, would have killed the 
programme), and a start will now be made 
on ‘the first cornerstone” of Horizon 
2000, the solar-terrestrial programme. This 
includes an observatory stabilized in the 
L, Lagrangian point between Earth and 
Sun, and a multi-craft space plasma physics 
mission. Robert Walgate 


This, however, raises the question of 
where BNSC will get its money from. 
Departments are already fighting their 
corners, the final question being how much 
power and influence they will be willing to 
cede to the new agency. 

SERC, however, has a lot to offer: its 
Rutherford Appleton Laboratory has 
expertise in managing space projects, as do 
a number of university laboratories (such 
as Leicester and the Mullard Space Labor- 
atory of the University of London), and 
there is some hope that these benefits could 
be recognized and used within BNSC in 
return for supporting the ESA sub- 
scription. 

HOTOL seems even less cut and dried 
than the agency. Mr Pattie caused raised 
eyebrows in Rome with the concept of 
raising payloads by using air-breathing jets 
as far as the stratosphere and then firing 
the engines as rockets, using on-board 
oxidants thereafter. 

There was some uncertainty this week as 
to how far the project was really developed. 
According to a spokesman for Rolls- 
Royce, whose experimental engine is 
reported as performing the air-breathing- 
to-oxidant switch, ‘I’ve no details. . .it has 
been built up so dramatically by British 
Aerospace and then by Mr Pattie... . 
We've only been asked to do some very 
minor research, which is really theory.” 

British Aerospace, on the other hand, 
claims that the propulsion system is 
‘‘olassified’?. Nevertheless the company 
admits that so far HOTOL is only a paper 
study combined with some model tests in 
a wind tunnel, “very much pre-proposal 
work — turn-of-the-century stuff”. 

The next stage is to secure funds for 
further development of the concept, which 
should eventually prove a cheaper launch 
system than either Ariane or the Space 
Shuttle, it is claimed. 


Robert Walgate ` 











Paris 

FRENCH officials were surprised and ‘‘ex- 
tremely disappointed” last December when 
Britain failed to follow a French move to 
stop an increase in the salaries of staff at 
the European Organization for Nuclear 
Research (CERN) near Geneva. 

“We have told the British Science and 
Engineering Council [SERC] several times 
that we were afraid of the consequences of 
Britain leaving CERN” (a possibility 
threatened by the existence of the Kendrew 
committee, due to report this spring on the 
value of Britain’s continued membership of 
the organization) ‘‘and we thought this was 
_ an. opportunity to reduce costs”, said a 
` French research ministry spokesman last 
week. 

According to SERC, however, Britain 
failed to respond because the French 
delegation had not first tested the ground 
with the other CERN members, but sprang 
the proposal out of the blue (a fact France 
admits) and because the sums involved were 
negligible and could not solve SERC’s 
problems. 

According to the French ministry, 
however, agreement to the French pro- 
posals, which might have been won with 
British backing, could have saved enough 
to buy Britain a place in the European Syn- 
chrotron Radiation Source, in which SERC 
has expressed an interest but claimed it can- 
not afford to participate. 
` The figures work out like this. The 
CERN budget is at present SF 703 million, 
or £230 million a year. Of this, 36 per cent 
is. straight salaries (48 per cent including 
allowances), or some £83 million. Britain’s 
contribution to CERN, based on gross na- 
tional product, is 16 per cent, so its con- 
tribution to straight CERN salaries is 
around £13 million. CERN was asking for 
a salary increase (to match inflation in 
Geneva) of 4.39 per cent — meaning 
£570,000 to SERC. France planned to halve 
the proposed increase, on the grounds that 
government-supported staff throughout 
Europe were receiving salary increases 
below inflation, and that international 
organizations such as CERN should also 


bear some of the burden. If Britain and 


other members had agreed with the French 
proposal, therefore, SERC would have sav- 
ed some £285,000 a year. Whether this is 
negligible or not is a matter for debate. In 
the event, however, only the Netherlands 
supported France and the full increase re- 
quested by CERN was granted. 

Whether CERN salaries can be held 
down in future, however, is another ques- 
tion. CERN staff complain that their 
salaries have been eroded by inflation for 
a number of years, and that this year — 
after the first CERN Nobel prizes — they 
were surely due at least constant payment. 
In Britain, and in France (whose border 
with Switzerland CERN straddles), CERN 








Britain backs pay rise at CERN 


salaries look astronomical. In gross terms, 
they generally reflect Swiss incomes, but in 
net terms they exceed the Swiss as CERN 
staff do not pay tax. Compared with other 
international institutions, CERN salaries 
are low, however: they are thought to come 
below those of the North Atlantic Treaty 
Organization, themselves below those of 
the European Commission in Brussels. 
Also, according to a senior French 
physicist now working at CERN, there are 
great variations in circumstances at CERN. 
“‘But if you take the highest salaries here, 
they’re double their equivalents in France.” 
A French director of a laboratory of the 
Centre National de la Recherche Scientifi- 


UK industrial research 





Bits and pieces of success 


THE inconspicuous part of Britain’s 
science establishment, that run by the 
Department of Trade and Industry, seems 
to be largely free from the constraints 
(mostly financial) that hamstring the rest 
of it. 

The department’s science and technology 
report for 1983-84, published this week, 
shows an increase of support in these areas 
from £243 million in 1981-82 to £322 
million last year. The buoyant growth is 
estimated (by last month’s public expen- 
diture survey) to have been continued in the 
present financial year to a peak (in real 
terms) of £383 million, whereafter spending 
is forecast to decline (in real terms). 

This estimate seems certain, however, to 
be overtaken by events. The department’s 
spending on space research and develop- 
ment (£63 million this year) may well in- 
crease as a consequence of last week’s 
bullish British statement on the US space 
Station at Rome (see p. 422). 

At the same time, the department has 
been forced by the booming demand for 
grants for industrial research and develop- 
ment from industrial companies to halt its 
schemes in this area (from 1 November last) 
pending the outcome of a review due to be 
completed early in April. Some in industry 
fear the outcome will be more stringent 
criteria for making grants, the original pur- 
pose of which included that of tempting 
British industrial companies to appreciate 
the value of research. 

The department’s umbrella covers four 
substantial but now inconspicuous 
laboratories, including the National 
Physical Laboratory (with a budget of £19 
million last year), the National Engineer- 
ing Laboratory (£11 million), the Warren 
Spring Laboratory (£2.65 million) and the 
Laboratory of the Government Chemist, 
recently boasting of being at the cutting- 
edge of biotechnology in Britain, which ap- 
pears to cost the Department of Trade and 
Industry virtually nothing, recovering its 




































q p 
earns some FF 19, 000 EL 700) a mont é 
of tax, the physicist estimated, compare 
with FF 37,000 (£3,400) for the equivalent 
job at CERN. 

The physicist saw this, however, as less 
a condemnation of CERN than a social 
problem in the salary ratio between visitors 
and CERN incumbents. “In the 1960s 
perhaps only 10 per cent of the physicists 
at CERN were visitors”, he said, “but now 
the proportion is nearer 80 per cent vent. 
These people “have a problem in living 
well’’ given the cost of living in the Geneva 
area, he said. However some. visitors to 
CERN receive a cost-of-living bonus from 
their home countries. ‘The French receive 
nothing’, said the CERN man, ‘‘the 
Italians and Germans a little. But the UK 
bonus is very good”. Robert Walgat 


costs by money transfers from other 
government departments. 

The general impression of these 
laboratories offered in the report is unex 
citing; the Laboratory of the Government 
Chemist goes so far as to describe an im- 
portant part of its programme (on the 
anaerobic digestion of waste materials 
chiefly sewage) as “unglamorous”, An 
the National Physical Laboratory, onc 
(immediately after the First World War).th 
only British laboratory of importance, i 
described in terms suggesting a mundan 
interest in the minutiae of the application. 
of metrology to the provision of secondary. 
standards for British industry, although the 
laboratory is given credit for having 
developed a microwave system for measur- 
ing plasma temperature in the Joint Euro. 
pean Torus, the thermonuclear apparatu 
being operated in Britain by a consortium 
of European governments. 

Space research apart, information 
technology emerges as the department's. 
chief interest in industrial development, not 
exclusively through the Alvey programme. 
(which began spending its budget of £350 
million last year). Last year’s report tells 
of remotely controlled TV cameras and 
digital telephone exchanges developed for. 
Malawi. 

The record of how more than £300 
million was spent last year is nevertheless 
more a catalogue of miscellaneous 
achievements, mostly small, than an ac- 
count of a coherent strategy for the en- 
couragement of industrial development. To 
some extent, the department’s research and. 
development programme is a prisoner of 
past commitments (as to the aircraft and- 
textile industries), to other sections of iñe 
dustry (represented by ‘‘requirements 
boards”) and of its resources (laboratories, 
people). But for an organization whose 
long-term objectives are economic, a more © 
analytical account of how the money has _ 
been spent would be more appropriate. ` 
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Vd ck com € 
_ GraTurTuous advice on in vitro fertiliza- 
tion seems partly the explanation why the 
British government has not yet responded 
to the Warnock committee’s proposals on 
in vitro fertilization and related matters. By 
7 January, more than a hundred memoran- 
da had been received by the Department of 
Health, since when both the Medical 
Research Council (MRC) and the Law 
Society (which represents lawyers allowed 
to deal directly with clients) have weighed 
in with advice. 












































































js that the House of Commons is due on 
{5 February to give a second reading (from 
which approval in principle may follow) to 
a private member’s bill introduced by Mr 
-Enoch Powell, MP. The bill as published 
ould restrict the practice of in vitro fer- 
-tilization to women who had been iden- 
“tified in advance by their physicians, who 
would have a period of only four months 
<in which to attempt a pregnancy, and 
“would entirely outlaw scientific study of 
embryos. Ordinarily, the government 
< would have sought to forestall such a bill 
- with legislation of its own (see page 417). 
Much of the new torrent of advice seems 
‘a reiteration of evidence already given to 
{the Warnock committee, which reported in 
< July last year after eighteen months of 
: study. The Law Society’s family law com- 
`“ mittee has however introduced a novel line 
< of argument, in a memorandum publish- 
ed earlier this week, and has in particular 
advocated regulations of artificial in- 
©» gemination with donor sperm (AID) which 
- goes further than the Warnock proposals. 
Thus the committee argues for measures 
to avoid what it calls ‘“‘genetic incest”, for 
which purpose it asks that women who 
‘knowingly and wilfully” are fertilized by 
the sperm of males to whom marriage 
would be prohibited should be held guility 
of a criminal offence and that, in the same 
spirit, sperm donors should be identifiable 
in advance of the marriage of their 
unknown offspring. Similarly, it raises the 
question whether children should have 
access at the age of 18 to information about 
their genetic parents (as are adopted 
children under existing law). 

On surrogacy, the Law Society would 
also go further than the Warnock commit- 
tee by making it a criminal offence not 
merely to run a surrogacy agency but also 
to commission, or to provide, a rented 
‘womb. On the Warnock recommendation 
that study of human embryos should be 
‘permitted under licence up to 14 days, the 
Law Society complains that the Warnock 
report includes no principles by which 
research might be disallowed. 

| The lawyers say that “‘pressure to carry 
out research for its own sake (i.e. to satisfy 
‘curiosity, scientific or otherwise) is likely 
to become intense” and that the public in- 
terest requires that “‘limits have to be 


The government’s immediate difficulty . 


agonizes on embryo research 


fixed” before a licensing authority can be 
set up. 

MRC’s late response to the Warnock 
committee is almost at the opposite pole. 
Its memorandum welcomes the proposal 
that research should be undertaken only 
under licence but goes on to argue that 
because different embryos in different cir- 
cumstances may develop at different rates, 
it would be better to define the end-point 
for study (the Warnock 14-day limit) by the 
appropriate stage of development. 

The council also argues that legislation 
should not attempt a once-and-for-all 


i p Ke i 
authority that would issue codes of prac- 
tice that could be amended more easily than 
legislation proper. 

The two documents probably illustrate 
as clearly as any the government’s dil- 
emma. There is evidently strong support in 
the House of Commons for 
the proposition, advocated by the Law 
Society, that it should be for Parliament 
to differentiate between the allowable and 
the disallowed. The lawyers say their 
guiding principle is the ‘‘best interests’’ of 
the child, regarded as an individual. MRC’s 
case, explaining how research might lead 
to the understanding of congenital abnor- 
malities, might be held to be in the best in- 
terests of children in general. a 





European information technology 


New Esprit deadline nears 


Brussels 
FOLLOWING the huge response to the first 
call for bids for the European Commu- 
nity’s Esprit (information technology) 
programme, the second call for bids, whose 
deadline is 25 March, promises to be just 
as popular, but the European Commis- 
sion’s ability to cope with the demand will 
depend on a clear decision on the 1985 
budget being reached before the summer. 
A sum of 215 million European Cur- 
rency Units (ECU; 1 ECU = £0.62) is to 
be allocated to the information technology 
research programme in 1985, compared 
with 180 million ECU 1984. But the 
rejection of the 1985 budget by the 
European Parliament last December means 


that staff recruitment for Esprit’s task 


IT in Britain 


As well as Esprit, British companies and 
researchers also have the option of apply- 
ing to the Alvey programme, which last 
year awarded £350 million in grants to such 
collaborative projects. The Information 
Technology (IT) Skills Shortage Commit- 
tee, however, set up to discuss the effects 
of the shortage of manpower on the future 
of IT in Britain, has concluded that both 
the education system and private sources 
of trained manpower ‘‘are barely keeping 
pace with the present demand’’. The com- 
mittee recommends that companies take 
more responsibility for training employees 
as well as encouraging more government 
sponsorship of training schemes; it is 
estimated that demand for technologists 
and technicians will grow by 5-8 per cent 
over the next five years. One source of 
scientists for high technology industries in 
Britain may come from North America, 
where a recruitment consultant company’s 
advertising campaign in ten US and Cana- 
dian cities resulted in 3,500 replies, mainly 
from British engineers and scientists. Of 
these, about 900 are said to be interested 
in jobs with British industry. 
Maxine Clarke | 
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force, needed to coordinate companies and 
researchers, has to be postponed. 
Commission officials expect that the 
present project management team’s staff 
quota of 500 will have to be doubled by the 
end of 1985 and doubled again by 1986 in 
order to cope effectively. 

For the first phase, 104 projects were 
selected out of 441 submitted for 50 per 
cent support by the European Commission 
over a 2-3.5 year period. In precompetitive 
research, microelectronics figured highest. 
The 27 contracts selected will receive 21 per 
cent of the total funds, the 23 office auto- 
mation research contracts will receive 23 
per cent of the funds available, while 30 per 
cent will go to 19 projects for computer- 
aided design and manufacture. 

The 104 projects selected bring together 
334 companies, 107 universities and 97 re- 
search institutes. Seventy-five per cent of 
contracts involve universities and research 
institutes, 70 per cent involve large com- 
panies, and 50 per cent include small and 
medium-sized companies employing fewer 
than 500 people. 

Only 2 per cent of contracts have gone 
to non-European multinationals — ITT, 
IBM, Digital, AT&T and Bell, acting 
through their European subsidiaries. No 
Japanese companies applied. 

Top participation came from West 
Germany, followed by France and Britain. 
General Electric Co. alone is participating 
in some 20 projects, followed by Plessey 
(13), ICL (eight) and British Telecom (six), 
while some British universities will 
collaborate with European industry on at 
least two projects each. 

Karl-Heinz Narjes, who took over from 
Etienne Davignon as the new Research and 
Technology Commissioner in January, told 
the European Parliament's committee last 
week that the priority of research and de- 
velopment would now centre on exploiting 
industrially the results of basic research in 
Europe. He said he would also push for the 
creation of a European status for research 
workers. Anna Lubinska 








Human and animal rights 





Sır — The importance of animal research 
to human rights is frequently neglected. 
The atrocities and suffering in the Second 
World War led to several major agreements 
that embody an international consensus 
_ about basic human rights. These 
documents include the Universal Declar- 
ation of Human Rights (1948) and two 
related International Covenants (1966), as 
well as the Nuremberg Code (1949) on 
moral, ethical and legal principles for 
human experimentation, and the Helsinki 
Declaration of the World Medical Asso- 
ciation (1964). The Universal Declaration 
states in Article 27 that ‘Everyone has the 
right to . . . share in scientific advancement 
and its benefits”. The International Cove- 
nant. on Economic, Social and Cultural 
Rights spells out, in Article 12.1, the more 
specific “‘right of everyone to the enjoy- 


ment of the highest obtainable standard of 


physical and mental health”. 

In seeking to enhance physical and 
mental health, biomedical and behavioural 
researchers often employ animal subjects. 
In part, such research is required by the 
Nuremberg Code and the Helsinki Declar- 
ation, as well as the codes of numerous 
national and international medical and 
scientific associations. Both the code and 
the declaration state (in the words of the 
Nuremberg Code) that human experiments 
“should be so designed and based on the 
results of animal experimentation and a 
knowledge of natural history of the... . 
problem under study that the anticipated 
results ‘will justify the performance of the 
experiments’’. That is, to safeguard human 
health and wellbeing, experimental pro- 
cedures to be tried on humans should first 
have been tested on animals. While it may 
not be possible to observe this precaution 
in every case, experience has shown it to 
be a wise procedure wherever it is applic- 
able. Similarly, many governments require 
that drugs and food products be tested on 
animals to assure their safety for human 
health. 

In recent years, concern has increased re- 
garding humane treatment of animals as 
pets, on farms and in agrofactories, in 
zoos, and in laboratories, and for the pre- 
servation of habitats necessary for the con- 
tinued existence of endangered species. 
Scientific and professional groups observe 
stringent codes of ethics and humane pro- 
cedures for research with animals. Laws 
and regulations have been formulated to 
deal with many aspects of treatment of 
animals, and some endangered species are 
protected by international treaties, but 
there is no formal recognition or general 
consensus concerning ‘‘animal rights”. 

Efforts to obtain humane treatment of 
animals are widely supported, but attempts 
to prevent the use of animals for research 
come into conflict with human rights, 
because interruption of research with 
animal subjects would result in the continu- 














ation of grievous human suffering from 
physical and mental disorders that research 
could alleviate or prevent. Although some 
have claimed that all research relevant to 
human health and behaviour could be done 
with animal substitutes such as tissue 
cultures or computer simulations, this is 
clearly not true: if we could create satis- 
factory simulations for the human brain, 
we would already have solved the formid- 
able problems of physical and mental 
health that face us on every side. Thus, 
concern for the human right to the highest 
obtainable standard of physical and mental 
health calls into question attempts to secure 
recognition for ‘‘animal rights” on a par 
with human rights. 

MARK R. ROSENZWEIG 
Department of Psychology, 
University of California, 
Berkeley, California 94720, USA 


Determination of IQ 


Sik — John Hartung’s speculations 
(Nature 311, 515; 1984) that the shape of 
a person’s nose determines his IQ are both 
offensive and inaccurate. The viscosity of 
moist air is less than that of dry air, while 
airway resistance is probably more influ- 
enced by the nasopharynx than the shape 
of the nose. Among all racial groups, the 
prevalence of lung disease is related to 
socio-economic factors. The increased inci- 
dence among blacks in the United States 
is therefore more likely to reflect their 
position in society than the shape of their 
noses, Dr Hartung’s hypothesis appears to 
be a conscious or unconscious attempt to 
establish spurious grounds for white 
supremacy. His theory seems to me to be 
as unsavoury as those based on the shape 
of people’s skulls which were used to justify 
the extermination of Jews and Gypsies in 
Hitler’s Germany. 

Dr Hartung’s speculations on the effect 
of a subject’s health on performance in IQ 
tests are, however, important since some 
of the hypotheses outlined are readily test- 
able. It should be simple to prove in a con- 
trolled trial that allergic rhinitis impairs per- 
formance in IQ tests. The outcome would 
be of interest to all those involved in exam- 
inations. Furthermore, definite proof of 
such impairment would be of consequence 
in selecting employees for occupations in 
which a constant high level of alertness is 
required. Unlike Dr Hartung’s experience, 
subjective and anecdotal evidence suggests 
no such impairment. 

He also postulates that frequent absence 
from school is detrimental to performance 
in IQ tests. Two genetic diseases are cited, 
sickle cell anaemia and cystic fibrosis, as 
conditions that do not impair brain func- 
tion. The first results in frequent throm- 
botic episodes in the brain, while the second 
is associated with failure to develop norm- 
ally secondary to malabsorption. In con- 








trast, physicians experienced in dealing 
children requiring frequent admission to 
hospital, for instance those suffering from 
thalassaemia and renal failure requiring di- 
alysis, feel that as a group these two 
examples are brighter than average. 
Intelligent selection of suitable diseases 
that do not on a priori grounds affect brain 
function should allow the hypothesis that 
frequent absence from school impairs IQ 
compared with that of age-matched healthy 
siblings to be tested. 









































P. M. GAYLARD! 
Royal Free Hospital, a 
Pond Street, 

London NW3 20G, UK 





Evolution dogma 


Sirk — In a review of the Kermacks’ book: 
on mammalian evolution (Nature.10 
January, p.164), the following statement is 
described as dogmatic or old-fashioned 
“Evolution is slow, continuous and imper- 
ceptible, The evolution of major taxa does 
not differ in any fundamental way from the 
evolution of one subspecies from another.” 
The judicious modern view is implied to be 
that the evolution of major groups is rapid. 
and involves unique genetic events. I invite 
your readers to compare Maynard Smith’s. 
statement! that “the genetic basis of 
species differences is similar in kind to. that’ 
within species’? with the title. of W. 
Bateson’s book * before deciding what: i is 
dogma, and who is old-fashioned. 
J.S. JONE 
Galton Laboratory, 
Department of Genetics and Biometry; 
University College London, 
Wolfson House, 4 Stephenson Way, 
London NW1 2HE, UK 
1. Maynard Smith, J. A. Rev. Gener, 17, 11 (1983), 
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2. Bateson, W. Material for the Study of Variations, treated. 
with especial Regard to Discontinuity in the Origin of Species. 
(Macmillan, London, 1894). 


Benefits of DDT 


Sirk — The disaster in Bhopal has pro-. 
voked a statement that “‘the process for 
manufacturing the new pesticide has 
already done more damage than DDT’’!, 
Various estimates have been made of the 
effects of DDT in India, including the 
lowering of infant mortality, prevention of 
3.7 million cases of malaria in Bombay 
State alone during 3 years, and great in- 
creases in food production’. Pal? reported. 
that in a 9-year period of use of DDT, the 
average span of life in India had increased 
to 47 years as compared with 32 years 
before the campaign against malaria. It 
thus seems likely that, ironically, many of 
the inhabitants of Bhopal actually owed 
their very existence to the use of DDT. ©: 
THOMAS H; JUKES 
University of California, Berkeley, 
6701 San Pablo Avenue, 
Oakland, California 94608, USA 
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Miller, P.) (Birkhauser, Basel, 1959). 
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Astrology and 
cosmobiology 


‘Sir — Reviewing our book The Gemini 
Syndrome: A Scientific Evaluation of 
‘Astrology (Nature, 15 November, p.219), 
H.J. Eysenck takes us to task for having 
“scandalously neglected” the work of the 
-Gauquelins. Consequently, in our overall 
rejection of astrology, we are accused of 
carelessly discarding the baby with the bath 
water. 
We agree with Eysenck regarding the 
attention deserved by the Gauquelins’ re- 
‘search. We recognize that it should be in- 
cluded in more detail with our treatment 
of astrology, though Gauquelin considers 
his work to be ‘‘cosmobiology’’ not astro- 
logy. The paperback edition of the book 
adds only a few pages of new material to 
the original version written in 1977-78, and 
we regret we could do little more than men- 
tion a few highlights and provide pointers 
© the recent literature. 

On the other hand, we admit to a rather 
different perception from Eysenck’s of the 
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- value of astrology and his words of review 
appear to reveal a positive view rather than 
an objective one. To us, the Gauquelin cor- 
“relations make no physical sense and are 
-inconsistent with the body of natural 
_ empirical evidence. The correlations are 
weak, and it is not clear that they could not 
be spurious. In any case, the implication 
of a causal relationship is not justified on 
purely statistical grounds. There seems not 
a hint of a reasonable explanation for 
them. The successful replications are essen- 
tially only those by Gauquelin; Eysenck 
“omits reference to the several careful 
studies that failed to confirm the effect. 
The Gemini Syndrome was the first such 
book written by scientists to take a detailed 
-Jook at the evidence rather than simply to 
~ declare astrology intuitively invalid. For 
our single sin of under-emphasis, our re- 
-viewer finds the entire book an unaccept- 
“able scientific evaluation of astrology. We 
“have gained some understanding of how it 
feels to be the aforementioned baby. 
Eysenck refers to the work of the 
Gauquelins as a ‘‘nugget of gold’’ amidst 
the rubbish of evidential support for 
astrology. In fact it seems the scientific 
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nugget 

out to be iron pyrite. 
PHILIP A. [ANNA 
ROGER B. CULVER 

Leander McCormick Observatory 

of the University of Virginia, 

Department of Astronomy, 

Box 3818, University Station, 

Charlottesville, 

Virginia 22903-0818, USA 





Sır — It is surprising to see Nature in- 
cluding book reviews! that endorse 
superstition and pseudo-science. Eysenck 
is well known for his readiness to sup- 
port controversial theories before there is 
any reliable evidence. An example is his 
support for “PSI” and parapsychology °. 
It is interesting that Eysenck is often quoted 
by the tobacco industry on his critique of 
research correlating smoking with cancer. 

Eysenck bases his positive assessment of 
astrology, or ‘‘cosmobiology”’ as he calls 
it, solely on the work of Françoise and 
Michel Gauquelin. He does not mention 
negative results obtained by others nor does 
he question the significance of the results. 

The Gauquelins divide the sky into 
twelve sectors, the first beginning just over 
the eastern horizon. One of the claims men- 
tioned by Eysenck is that the planet Mars 
appears in the sectors 1 and 4 at the birth 
of sports champions more often than for 
others (22 per cent instead of the expected 
17 per cent). An attempt to replicate the 
experiment failed to yield positive results 
(13.5 per cent instead of 17 per cent)’. 
The results regained their significance only 
after the Gauquelins discarded a major 
portion of the data on the grounds that 
those came from “‘lesser sportsmen’’. This 
raises the question as to whether the studies 
previously conducted by the Gauquelins 
were not similarly biased by post hoc 
selections. 

Eysenck also fails to mention that the 
Belgian study referred to' had some 
major deficiencies. The sample size was 
small (535) and, more important, the 
sectors 9 and 10 appeared more often that 
the favoured sector 4. In addition, the Gau- 
quelins were involved in this study as well, 
thus contradicting Eysenck’s claim of 
independence. 

There is considerable doubt as to 
whether the work of Michel and Francoise 
Gauquelin is to be taken seriously in con- 
nection with astrology. On the contrary, 
there is every reason for responsible people 
to warn the public against being deceived 
by old-fashioned and modern astrologers. 
The book reviewed and the 186 signatories 
of the statement against astrology deserve 
our unrestrained support. 


P AMARDEO SARMA 
Ringstrasse 102, 


D-6101 Rossdorf 1, FRG 


I. Eysenck, H.J. Nature, 342, 219-220 (1984). 

2. Eysenck, H.J. P.M. Magazin, December 1984, 38-46. 
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‘ever in autistics 

Sır — Bryant’s recent review! of a book 
by Tinbergen and Tinbergen? was a timely 
reminder that our understanding of autism 
remains regrettably primitive. The theory 
originally espoused by Kanner’, that this 
distressing syndrome has its roots in the 
patient’s human environment, apparently 
still has its adherents, despite increasing evi- 
dence of an organic aetiology*® with 
hereditary origins’. 

Possibly the strongest recent en- 
dorsement of the organic view comes from 
the widely. observed (L. Wing, personal 
communication) but inadequately 
documented fever effect ®. When autistics 
have a moderate fever, they invariably 
display dramatically more normal be- 
havioural patterns!°, including a greater ` 
desire or ability to communicate. It is diffi- 
cult to see how these observations could be 
explained on the basis of environmental 
factors. 

The effect appears to reach a maximum 
for fevers in the range 1.5-2.5°C (T. 
Rørsvol, personal communication). It 
seems unlikely that such a modest rise could 
appreciably influence the rates of either the 
metabolic processes or the molecular dif- 
fusion involved in neural function. But 
temperature changes of as little as 1°C can 
markedly alter the fluidity of mem- 
branes!', such as those which form the 
synapses and the neurotransmitter-charged 
presynaptic vesicles. 

An increase in the fluidity of these 
membranes would lower the vesicle- 
synapse fusion time, and thereby decrease 
the synaptic delay, which may well control 
what could be called the neural coherence 
length, which is a measure of the degree of 
inter-neurone cooperativity. Lower 
synaptic delays would increase this length, 
and one could speculate whether the 
autistic fever effect indicates that there is 
a connection between coherence in the 
behavioural sense and actual physical 
coherence at the neural level. 

Equally intriguing is the possibility that 
autism stems from a neural lipid com- 
position profile which departs from the 
ideal. 

RODNEY M.J. COTTERILL 
Division of Molecular Biophysics, 
Technical University of Denmark, 
Building 307, 
DK-2800 Lyngby, 
Denmark 
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The lack of progress in economics 


` from A.S. Eichner 


It is possible for economics to become a science — if only the discipline would abandon its present 
practice of eschewing empirical tests of its theories in favour of ‘formal’ ones. 


OF all the subfields within biology, the 
social sciences — economics among them 
--- have made the least progress in develop- 
ing a scientifically valid body of theory. 
This lack of progress has been attributed 
to: the. unpredictability of human 
behaviour, tothe complexity and lack of 
. permanence of social phenomena and to 
~ the difficulty of carrying out controlled ex- 
periments. At least insofar as economics is 
concerned, a different explanation can be 
offered — one which, if true, holds out 
greater hope that the principal obstacle to 
economics becoming a science can even- 
tually be overcome. 

An examination of economics as a 
discipline reveals that it is based on an 
epistemology, or method of establishing the 
validity of its knowledge claims, that runs 
counter to the norms of science. The 
prevalent view among economists is that 

. formal (mathematical) proofs are not just 
> helpful or indeed even necessary but also 
sufficient — and thus that empirical 
proofs can be dispensed with altogether. 


The result has been the development of a 


body of economic theory which is based en- 
tirely on axiomatic reasoning, without em- 
pirical support for the key propositions 
upon which the theory rests (P. Wiles, p. 
67 in ref.1). In contrast, those disciplines 
which have become sciences have done so 
because of the insistence that any 
knowledge claims, especially those which 
constitute the theoretical core of the 
discipline meet certain empirical tests. 
Utility 

The core of economic theory consists of 
four theoretical. constructs which serve 
as the micro. foundation for the domi- 
nant paradigm (A.S.E., p. 210.in ref. 1). 
These four theoretical constructs — indif- 
ference curves, isoquants, positively sloped 
supply curves and marginal physical pro- 
duct of capital curves — are derived from 
two more fundamental relationships. One 
is a ‘utility’ function representing the utili- 
ty, or satisfaction, derived from the use of 
a given assortment of goods, x,, X, 
Xy... Xp This function is usually 
assumed to’ take the following general 
form: 

U = U Xp Xp Xp Gg HD 
Certain ‘first-order’ conditions are then 
posited, namely, that the first derivative of 
the utility derived from any one of these 





goods relative to that obtained from 
another is negative (the ‘law’ of diminishing 
marginal utility). From this first-order 
condition, a set of indifference curves is 
then derived representing the various com- 
binations of goods which individuals con- 
sider to be of equal utility, along with a set 
of negatively sloped demand curves for 
each of those same goods indicating how 
the quanitity demanded varies as the price 
of one good relative to another changes?. 

However, no evidence that such a utili- 
ty function actually exists has ever been 
adduced — let alone any evidence that the 
‘first-order’ conditions are satisfied’. All 
that is known is that households (consisting 
of one or more individuals) purchase goods 
of different types in varying quantities, 
with no means presently available to 
economists for determining the utility or 
satisfaction derived therefrom. Both the ex- 
istence of the utility function and the 
postulated first-order conditions are said to 
derive from the logic of rational choice, 
based on the assumption that each in- 
dividual seeks to ‘maximize’ his or her utili- 
ty while having only a limited amount of 
income to spend (thereby facing a ‘budget 
constraint’). Since the utility which the in- 
dividual supposedly seeks to maximize as 
the necessary corollary to making a ‘ra- 
tional’ choice cannot be observed and 
measured, the argument is tautological, 
without substantive content. 


Production 


The other basic relationship on which the 
prevailing microeconomic theory rests is a 
production function representing the dif- 
ferent quantities of inputs, z,, z,, Rata 
Zy required to produce the output of the 
economic system. This function is usually 
assumed to take the following general 
form: 
QO = O (Zo Zy Zp- -s Z) 

with various first-order conditions again 
posited, in this case that the first derivative 
of the change in the quantity of one input 
required relative to the change in the quan- 
tity of another input, holding output con- 
stant, is negative (the ‘law’ of diminishing 
returns). From these first-order conditions 
are then derived (1) a set of isoquants, 
representing the different combinations of 
any two inputs which can be used to pro- 
duce the same amount of output; (2) a set 
of positively sloped supply curves, in- 










































dicating how the quantity supplied’ varies 
with the price being charged, and (3) a 
marginal physical product curve. for 
‘capital’ (which is assumed to be one of the 
inputs). 

The quantity of output produced, both 
by each industry and by the system as a 
whole, can be directly observed: and 
measured. The production: function, as 
usually specified by economists, ‘is not 
therefore subject to the same criticism as 
the utility function. However, the capital 
which is assumed to be a homogenous 
physical input cannot be directly observed 
and measured, and thus the marginal 
physical product curve of capital, upon 
which the most widely accepted theory of 
income distribution is based, is no. less 
metaphysical a theoretical construct (pp. 
200-201, ref.1). 

Moreover, there is considerable empi ical 
evidence contradicting the first-order 
ditions usually assumed in specifying 
production function. What the eviden 
dicates is that the inputs used in the p 
duction process must be used in fairly i fix- 
ed ratios to one another, with a shift from 
one set of these fixed combinations of in- 
puts to. another set occurring only when a 
new plant embodying the latest technology 
is constructed. Thus both the isoquants and 
the positively sloped supply curves usually. 
postulated by economists lack empirical 
support, at least insofar as the non- 
agricultural sectors of the economy are con- 
cerned (A.S.E., pp 212-214 in ref 1). 


Final demand 


It is not for lack of an alternative that the 
present body. of microeconomic theory is °: 
retained. Starting with the data-available 
from input-output tables, it is possible to 
derive a separate production function for 
each industry that does not depend on any 
of the first-order conditions usually assum- 
ed in economic analysis. From the entire 
set of such production functions, it is then 
possible to explain both the quantities sup- 
plied by each industry and the correspon 
ding set of relative prices, without having 
to assume separate demand and supply 

curves that are each a function: of price. 

The values taken by output and price véc-. 
tors depends on the level of final demand. 

By incorporating certain elements of what 

is known as post-Keynesian theory, it is 
then possible to explain the level of final 






























































© NEITHER the utility function U = U(x) nor 
< the production function O = O(z) are func- 
tions in the mathematical meaning of that 
term. That is, no rule is provided by which, 
-given U(x), the value of U can actually be 
computed, and similarly for O and O(2). 
: We may be told that U(x) and O(z) are 
‘monotonically increasing and concave 
< functions, but nothing more beyond such 
general statements. In consequence, there 
is not enough information to obtain an ac- 
tual solution... By the very statement 
(or, rather, incomplete statement) of the 
problem, it is impossible to solve 
“it! ... This peculiar way of half-posing 
problems can be traced back to quite early 
“times, but it was given its main impetus by 
Paul Samuelson in his very influential 
Foundations of Economic Analysis . . . 

Why are problems of pure economic 
theory stated in such a peculiar, incomplete 
fashion? The reason is not far to seek. The 
utility function U(x) is not given explicity 


demand itself. 

The growth of output per worker as one 
_form of technical progress — to the extent 
it leads to a corresponding rise in real in- 
come — can be shown to determine, along 
with the growth of population, the long- 
term growth of final demand, while the 
variation in investment and other forms of 
discretionary expenditures can be shown to 
determine the cyclical movements of the 
economy around that trend line*’. This 
explanation for what happens at the in- 
dustry and aggregate level, insofar as quan- 
tities supplied and relative prices are con- 
cerned, can then be supplemented by 
various ‘behavioural’ (as distinct from ‘ra- 
tionalist’) models of what happens at the 
individual firm and household level. In this 
way, a complete and comprehensive alter- 
native to the prevailing theories in 
“economics can be developed—one that ap- 
pears better able to meet the empirical tests 
¿necessary to establish economics as a scien- 
tific discipline*’. 


Beliefs 


The existence of this alternative nonetheless 
continues to be ignored by most 
economists, along with the evidence on 
“which it is based, simply because it is not 
consistent with the four theoretical con- 
- structs that constitute the core of ecomonic 
theory. Thus the prevailing theory in 
“economics is based on an a priori set of 
beliefs rather than on any empirical 

vidence. In this respect, it is more akin to 
a religious credo than to any scientific body 
of knowledge. However, it is not just in 
refusing to accept the need for empirical 


The misuse of mathematics in economics* 


because it cannot be given. It is an artificial 
construct of the theorist’s mind and does 
not correspond to anything in the real 
world . . . Exactly the same is true of the 
production function O(z). It is now more 
than a quarter of a century since Joan 
Robinson’ demonstrated that the quanti- 
ty of capital, [one of the z’s) of that theory, 
is impossible to define consistently. 
Nonetheless, this very quantity still ap- 
pears, with monotonous regulari- 
ty,... in... innumerable papers on pure 
economic theory . . . All of this is not the 
application of mathematics to the economic 
problems of the real world. Rather, it is the 
application of highly precise and elaborate 
mathematics to an entirely imaginary and 
fanciful economic cloud cuckoo land. G 





* An extract taken from J. Blatt, pp. 169-171 
in ref. 1. The nomenclature of the mathematical 
functions is slightly changed to correspond with 
the convention used elsewhere in this article. 
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proof of its key propositions that the 
prevailing practice in economics runs 
counter to scientific norms. The violation 
of scientific norms also involves the follow- 
ing two fallacies: 

(1) Acceptance of two, logically incom- 
patible theories as being equally valid. This 
‘dualistic’ fallacy characterizes not only the 
‘neoclassical synthesis’, which combines the 
Keynesian macroeconomic theory with an 
irreconcilable pre-Keynesian micro- 
economic theory, but also the prevailing 
theories in ‘pure’ trade on the one hand and 
the models of international money and 
finance on the other. 

(2) Construction of models to describe 
the market behaviour of economic systems 
which offer systems which differ in their 
fundamental characteristics from any 
market economy known to have ever ex- 
isted and which, for that reason, are merely 
constructs of the mind unrelated to any ex- 
ternal reality. This variant of the ‘solip- 
sistic’ fallacy characterizes most of the 
work presently being done on ‘general 
equilibrium models’. 

These two misconceptions are in addi- 
tion, of course, to the ‘Cartesian’ fallacy 
which underlies economic theory more 
generally — that is, the belief that formal 
proofs alone are sufficient. This Cartesian 
fallacy is reflected in the mususe which 
economists make of mathematics (J. Blatt, 
pp. 166-186 in ref. 1). Rather than sery- 
ing as an aid to empirical research, 
mathematics is used to give economics the 
appearance, but only the appearance, of 
being a science. Mathematical relationships 
are posited, as in the case of the utility and 
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the ‘unknowns remain precisely Tai -= 
unknowns. They cannot be given a 
numerical value either because the 
parameters are unobservable or because the 
functions, being insufficiently specified, 
cannot be solved (see the accompanying 
quotation from J. Blatt). This misuse of 
mathematics is justified on the grounds that 
all that is required is that a proposition not 
be illogically deduced from whatever 
assumptions have been made. The proposi- 
tion itself, along with the assumptions from 
which it is deduced, need have no empirical 
validity. 


Validation 


The fact that the prevailing practice in 
economics runs so counter to the norms of 
science suggests what must be done if 
economics is to ever become a science. 
Economists must come to accept as binding 


| on themselves the rules which govern scien- 


tific work in general. At the very least, they 
must recognize the need to empirically 
validate the core body of economic theory 
along with the need to replace any 
theoretical constructs which cannot meet 
that test. 

It is doubtful, however, that so radical 
a change will occur without considerable 
pressure from outside the discipline. The 
same mechanisms which, in other fields, 
lead to the reinforcement of scientific 
norms—the system of graduate training, 
the appointment and tenuring of faculty, 
the refereeing of journal articles and the 
peer review of research proposals—instead 
act to preserve the core body of non- 
scientific theory in economics (A.S.E., pp. 
225-235 in ref. 2; P.E. Earl, pp. 90-125 in 
ref. 1). It may therefore require the censure, 
or at least the strong protest, of the scien- 
tific community to force a change in the 
prevailing practice among economists. The 
protest would be immediate if creationists 
and others falsely claiming to be scientists 
were being similarly rewarded with grants 
from the National Science Foundation and 
with prizes from the Nobel Committee. 
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...a new generation of 
protected nucleosides for 
DNA Synthesis. 


Simple, single-step _ 
deprotection of synthetic 
olignucleotides! 


Exactly. High yield and rapid 
work up...only with CED 
Phosphoramidites. 


For complete product and technical information, 
contact your local ABN representative or 
call 800-DNA-PURE (in California, 415-652-4466) 


CED-Phosphoramidites” (B-CyanoEthyl Diisopropyl Phosphoramidites) 
ABN’s latest innovation in reagents for DNA Synthesis. B-cyanoethy| 
substituted for the traditionally used methoxy as the phosphorus protecting 
group in phosphoramidites makes the critical difference 

CED-Phosphoramidites when used in place of standard phosphoramid 
ites provide the following unique advantages 

a Thiophenol eliminated for phosphorus deprotection Oligonucleo 
tides are deprotected and cleaved in one-step with ammonium 
hydroxide 

m High coupling efficiency (>98%) with short reaction times (< 3min) 

m Direct substitution for standard phosphoramidites with no change in 
reaction conditions 

Realize the advantages of the latest in reagents for DNA Synthesis 
CED Phosphoramidites. ..the most sensible option for DNA Synthesis 
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_ How to get custom DNA or 
| peptides from a telephone—Fast/ 
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Call Biosearch. 


Our business is synthetic 
DNA and peptide chemistry. 
And we've automated these 
chemistries to supply you 
with high quality, custom 
oligonucleotides and peptides 
for prices that will fit your 
budget and need for fast 
delivery. 


Custom DNA—Choose 
from three new pricing op- 
tions to suit your budget and 
requirements for speedy 
delivery. For example, save 
up to 25% on our regular 
price if you sequence your 
custom nucleotide. And fast? 
Depending on the option 
you choose, 







very competitive prices. Each 
peptide is shipped with com- 
plete analytical data for prod- 
uct verification. Call us with 
the sequence you need and 
we'll furnish a quote the 
same day. 
































Additional discounts are 
available for multiple orders. 
So ...to get the best custom 
DNA or peptides from a 
telephone, 

call Biosearch. Today! 


800-227-2624 


Inside California: 
(415) 459-3907 













we can deliver a custom 
product within ten days! 









Custom peptides—We 
guarantee confidentiality, se- 
quence integrity, on-time 
delivery, and high purity at 
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=- How special is special relativity? 


A neat new measurement confirms that moving clocks appear to run slow, and by the amount tha 
special relativity predicts (with an accuracy of one part in 25,000). 


SINCE 1905, the most robust torrent of 
correspondence between Nature and its 
readers has largely served to illustrate the 
widespread disbelief in Einstein’s proposi- 
tion that the speed of an apparently- 
moving clock will appear to be less than 
that of an identical clock apparently at rest. 
Like the general unwillingness to believe 
that the present mixture of species on the 
surface of the Earth in neither the conse- 
quence of an accident nor of a grand design 
but something. in between (evolution by 
natural selection), or the widespread con- 
viction that there can be no physical means 
by which two electrons (or, in general, fer- 
mions) can be prevented from occupying 
the same physical state, disbelief in time 
dilation is common. It should be banished 
by the results of an experiment now 
reported from the University of Aarhus 
(Denmark) demonstrating that time dila- 
tion is a fact, with an uncertainty of one 
part in 25,000. The estimated accuracy is 
less telling than the neatness. 

There is a sense in which the demonstra- 
tion of time dilation predates special 
relativity. The Michelson-Morley experi- 
ment in 1887, devised as a means of 
measuring the Earth’s velocity relative to 
the aether but which surprisingly yielded a 
null result, can be interpreted in retrospect 
as a demonstration of time dilation. What 
Kaivola et al. (Phys. Rev. Lett, 54, 255; 
1985) have done is to follow through a pro- 
posal by J.L.Hall, from the US National 
Bureau of Standards at Boulder, Colorado, 
that the use of tunable lasers stabilized by 
being coupled together in a heterodyne 
system (in which their frequency difference 
or beat frequency can be measured) would 
allow accurate measurement of the time 
dilation of speical relativity. (See J.L.Hall 
in Atomic Physics 7, eds D.Kleppner and 
F.M.Pipkin, 267-296; Plenum, New York, 
1981.) With Brillet, Hall has the distinction 
of having used modern techniques to 
reproduce the result of the Michelson- 
Morley experiment to one part in 10!5. 

Being a null experiment, Michelson- 
Morley has the disadvantage of being open 
to several alternative explanations among 
which time dilation is only one. Direct 
measurements of time dilation must be 
more direct. The simple way of attaining 
high accuracy is to seek to accumulate the 
effects of time dilation over a long period 
of time, which may be done by means of 
experiments recording the time told by 
clocks carried in Earth satellites, the preci- 
sion of which should in principle ac- 








cumulate as time goes by. The snags are 
that the motion of a satellite in the Earth’s 
gravitational field is not a simple problem 
in special relativity and that, in any case, 
the strictly relativistic effect of time dila- 
tion is second-order compared with the 
predominant first-order and classical Dop- 
pler effect. Another way of putting it is to 
say that the strictly relativistic time dilation, 
being proportional to (u/c)*, should show 
up even when the first-order effect is zero, 
or when the moving clock is moving 
transversely to the observer. That is why 
everybody is keen to measure time dilation 
directly, instantaneously so to speak, with 
a system in which there is a well-defined 
relative velocity and in which the time- 
dilation appears continuously, as a fre- 
quency difference. 

One of the most interesting experiments 
of this kind so far is that reported almost 
a decade ago from CERN, when a beam 
of muons in a circulating storage ring was 
measured with previously unknown preci- 
sion (Bailey, J., et al. Nature 268, 301; 
1977). The objective was to measure the 
half-life against radioactive decay of the 
circulating mesons, to relate this to their 
supposedly much shorter average lifetime 
in a state of rest and to demonstrate that 
the result was that predicted by special 
relativity. The outcome, a triumph at the 
time, was accurate to one part in 1,000. 

Kaivola et al. have done better by a fac- 
tor of more than 20 by a quite different 
technique. In place of moving clocks such 
as are provided by the natural decay of 
muons, they use atomic beams of neutral 
neon in which the clocks are the transition 
frequencies between defined electronic ex- 
citation levels. Specifically, they are con- 
cerned with the transition between the 3s 
and 4d electronic levels by way of the 
almost exactly intermediate 3p level. In 
reality, the lower state, being symmetrical, 
has a single energy, but the intermediate 
state is a complex of six (allowing for the 
interaction between an unsymmetrical elec- 
tronic orbit and the unsymmetrical almost- 
completed shell formed by detaching one 
electron). By good chance, one state in this 
complex falls almost exactly half-way bet- 
ween the lower and upper states — the dif- 
ference is roughly 3000 MHz. 

The trick in the experiment is to lock the 
frequencies of two separate lasers to the 
two-photon transitions from the 3s to the 
4d states of neon atoms which are respec- 
tively at rest (in a motionless cell) and mov- 
ing in an atomic beam with an energy of 








120 keV. In the fixed cell, the two-photon 
transition can be made to resonate strong- 
ly because there is a group of intermediate 
states. In the atomic beam, the second laser 
is made to feed an optical cavity aligne 
along the direction of the beam, in whic 
case the transition frequency from the 
lower state to the lowest of the intermediate 
states matches the frequency of the laser 
beam in one direction, and the final excita-: 
tion frequency matches the laser frequen- 
cy in the opposite direction. The laser is 
tuned until the system is in resonance, but 
it is not then necessary to measure the ac- 
tual velocity of the atomic beam. The result 
of the experiment is simply a measurement 
of the frequency difference between the two 
lasers, locked in frequency respectively to. 
the fixed cell and the atomic beam. : 
The interest of the result is that it is preci- 
sely what would be expected from special 
relativity, not merely in the numerical result 
but in the way in which an atomic beam 
with two closely separated transition fre- 
quencies should be able to absorb the fir 
photon from one directionality of the 
standing-wave radiation field in which it 
moves, and the second photon from the op- 
positely directed field. Qualitatively as well 
as numerically, the prediction is nicely 
confirmed. 
So what happens next? The authors of 
this neat measurement say, with an air of 
resignation, that their equipment cannot 
‘easily be improved”. They think the next 
step will be the use of stabilized heavy-ion 
storage rings as a source of neon atoms of 
well-defined energy (in which case more ac-. 
curate measurements of the transition fre- 
quencies will be needed). But will the 
doubters of special relativity wait that long? 
Those who cannot should first read the 
article by Hall (above), which is mostly an 
eloquent account of what measurements 
may be done with stabilized lasers but 
which incidentally gives a clear account of 
complicated argument due to Mansouri 
and Sex! of how special relativity as we 
know it may be regarded as but one of a 
triply parametric series of theories 
distinguished by Einstein’s recipe for syn- 
chronizing clocks. From this point of view, 
verifying special relativity is not a matter 
of demonstrating something special, that 
the velocity of light is the same in all direc- 
tions, for example, but of making 
measurements to distinguish between dif- 
ferent theories — and finding time dilation 
to be what Lorentz and Fitzgerald in- 
dependently first showed. John Maddox 
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ADVANCES in particle physics in the past 
decade have not only clarified our view of 
“the structure of matter and vacuum at very 
tiny distances but have also revolutionized 
our picture of the cosmos. The most strik- 
ing implications have been drawn from 
“studying the first microsecond of the Uni- 
verse, before the fundamental quanta— 
quarks and gluons—coalesced into the 
-heavy neutrons and protons which, with 
‘the lighter electrons and photons, make up 
most of the matter in our world today. In 
a recent paper’, astrophysicists from 
Copenhagen, Krakow and Illinois extend 
«these implications to include current dy- 
“namic processes in our Universe. They con- 
clude that supernovae are more likely to 
“produce black holes than had been thought, 
‘and less likely to produce the more readily 
bserved pulsars or neutron stars. Indeed, 
ulsars are observed in only a few 
upernova remnants ?. 

- Kutschera, Pethick and Ravenhall trace 
the paucity of neutron stars to the inability 
_of their material to resist the crushing force 
‘of gravity', A neutron star is formed 
‘when a star about ten times as massive as 
our Sun has burned all its nuclear fuel. 
‘Without the outward pressure of heat and 
light from nuclear power to counteract the 
nward pull of its own gravity, the star col- 
lapses until the neutrons and protons in its 
interior bump into each other. Their colli- 
“sions produce a shock-wave of pressure 
which travels outwards through the star, 
blowing the surrounding material into 
space in a spectacular explosion known as 
‘a supernova, About a tenth of the star’s 
mass is left in the middle of the explosion, 
‘within a radius of about ten kilometres. 
Whether this remnant becomes a pulsar or 
a black hole depends on its mass and on 
‘the strength of the material of which it is 
made. If the neutrons and protons are able 
to resist being crushed into each other by 
the enormous gravitational pressure, the 
remnant will become a neutron star (even- 
“tually, nearly all the protons absorb elec- 
trons to become neutrons), its rapid rota- 
tion giving rise to the pulses of radiation 
by which the pulsar is identified. If gravity 
wins, the remnant keeps on collapsing until 
dts gravity becomes so intense that it be- 
comes a black hole, cut off from the rest 
of the universe. For the heaviest remnants, 
gravity wins; for remnants as light as our 
Sun, the neutron star is stable. The new 
study places the dividing line at about 1.5 
solar masses compared to about 2 estimated 
from previous work. 

The conclusion that neutron-star matter 
is softer than previously believed follows 
from a new picture of what happens when 
neutrons are crushed together under pres- 
‘sure. This, in turn, is based on a radical 































Softening of neutron stars 





concept of neutrons. In older theories, a 
neutron is either taken as a fundamental, 
indivisible particle or (more recently) as a 
group of three such particles (quarks), 
bound together by strong interaction fields 
of force (gluons). In each case the particles 
are specified while their interactions are 
described by wave-fields of force around 
them. In the new picture, the fields are the 
main ‘objects’, while the particles are soli- 
tons or solitary waves, representing kinks 
in the field. These kinks arise as localized 
singularities when the field, which extends 
over all space, is thought of as a mapping 
of each point in space and time into a mani- 
fold characterizing the field. This manifold 
consists of all possible combinations or 
various mixtures of the different kinds of 
‘flavours’ of field. The solitons are places 
where the fields change abruptly. Various 
types of solitons are possible, depending on 
the topology of the manifold of fields. The 
neutron-star computation uses a theory 
with four fundamental fields, known as the 
chiral field theory; together with its equa- 
tions of motion and the identification of 
its singularities as neutrons, protons and 
other particles, this theory is known as the 
‘chiral soliton model’. It was invented over 
25 years ago by T.H.R. Skyrme ** and 
chiral solitons are now sometimes known 


Primatology 





as ‘skyrmions’. : 
Considered a mere curiosity when it was 
introduced, the chiral soliton model has 
drawn much attention since Witten * con- 
nected it to the modern gauge-field theory 
of quarks and gluons, known as quantum 
chromodynamics or QCD. This has many 
more fields than the chiral soliton model 
and has its own elementary particles as 
well; nevertheless, Witten showed that 
Skyrme’s model is a correct approximation 
to QCD for experiments which do not 
probe too deeply into the interior of the 
neutron. Unfortunately, another approx- 
imation has to be made to obtain Skyrme’s 
model, which corresponds to setting the pi 
meson’s mass to zero. True pi mesons, the 
primary agents that bind atomic nuclei to- 
gether, are, however, not massless. 
Many nuclear theorists are working to 
improve the model so that it accounts cor- 
rectly for the attractive forces that bind 
nuclei as well as the repulsion that stabilizes 
neutron stars. The computation of neutron- 
star matter using skyrmions shows how to 
apply QCD to the Universe’s largest nuclei, 
neutron stars. It is an important step 
towards an understanding of the structure 
of atomic nuclei. ci 
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First fossil tarsier from Africa 


from R. D. Martin 


IN THE evolutionary tree of primates, the 
tarsiers (Tarsius spp.) occupy a special 
position. These diminutive, nocturnal 
primates, weighing approximately 150 g, 
are generally thought to be intermediate be- 
tween the other prosimian primates (lemurs 
and lorises) and the simian primates 
(monkeys, apes and man). There is, 
therefore, considerable interest in their 
ancestry and in the relationship between 
surviving and fossil tarsioids. In that res- 
pect, a fossil described on page 475 of this 
issue comes as a major surprise to primate 
palaeontologists. 

Hubrecht, the father of modern com- 
parative embryology, noted in 1908 that 
tarsiers share with simians a particular form 
of invasive (haemochorial) placentation. 
Ever since, evidence has gradually accumu- 
lated to suggest that tarsiers and simians 
share a specific common ancestor. Living 
tarsiers share with living simians a whole 
suite of morphological similarities, includ- 
ing features of the brain, major sense 
organs and skull structure. It has also been 
found that tarsiers resemble simians in 





chromosomal and biochemical terms, 

In a major review of the morphological 
evidence in 1981, Pocock noted that where- 
as lemurs and lorises, like other mammals, 
have an area of naked, moist skin (the 
rhinarium) surrounding the nostrils, , 
tarsiers and simians (alone among land- ; 
living mammals) have lost all visible 
trace of this structure; their nostrils 
are surrounded by hairy skin and there 
is a true face. Pocock suggested a funda- 
mental division of the primates into Strep- 
sirhini (lemurs + lorises) and Haplorhini 
(tarsiers + simians). Although it is still not 
universally accepted that tarsiers are the 
closest living relatives of simians, the con- 
sensus of opinion is increasingly moving in 
that direction and numerous authors have 
found it convenient to split the living 
primates, at least, into ‘strepsirhines’ and 
‘haplorhines’. 

Despite their particularly interesting 
intermediate position in the primate 
evolutionary tree, tarsiers are still quite 
poorly known, largely because of their very 
limited geographical distribution. The three 











Tarsiers, our neglected relatives. (Zoological 
Society of London) 





closely-related species are all confined to 
islands of south-east Asia — Tarsius ban- 
canus in Borneo, Java and Sumatra, T. 
spectrum in Sulawesi and T. syrichta in the 
Philippines. During the early Tertiary, 
however, relatives of the modern tarsiers 
were far more widespread. Fossil tarsioids 
(now commonly allocated to the single 
.. family Omomyidae) have been documented 
> extensively from North America and 
Europe, and very fragmentary fossil evi- 
dence has recently been reported from 
Asia, though the known material is essen- 
tially limited to the Eocene. In North 
America, tarsioids may have survived into 
the early Miocene, but in Eurasia there is 
no record of tarsioids beyond the earliest 
Oligocene. Thus, in the Old World there 
* isa yawning gap in the fossil record be- 
tween the Eocene tarsioids and the few 
living tarsier species. Until now, it has been 
widely accepted that modern tarsiers are 
most closely related to the best-represented 
group of European Eocene tarsioids (sub- 
family Microchoerinae) and on dental 
“grounds Tarsius has been specifically linked 
tothe microchoerine genus Pseudoloris. 
“Accordingly, modern tarsiers have 
plausibly been suggested to be survivors of 
a once widespread Eurasian tarsioid stock. 
This relatively straightforward, if very 
incomplete, picture of tarsioid relationships 
must now be re-examined in the light of the 
discovery, reported by E.L. Simons and 
T.M. Brown on page 475, of an apparent 
tarsioid, Afrotarsius chatrathi, from the 
African continent. It comes from the well- 
known Fayum deposits of Egypt, which 
have already yielded an.important series of 
early simian fossils of Oligocene age and, 
more recently, the first. marsupial fossil 
from Africa. The single reported specimen 
of Afrotarsius is tantalizingly incomplete, 
consisting only of a partial lower jaw ramus 
bearing five damaged cheek teeth. Living 
tarsiers and fossil tarsioids of the sub- 
family Microchoerinae are specifically 
distinguished by peculiarities of the lower 
anterior dentition (incisors and canines) 
but, unfortunately, these teeth are lacking 
from the new specimen. Nevertheless, the 
molar teeth of Afrotarsius closely resemble 
; those of known tarsioids and are strikingly 
similar to those of the living Tarsius. 
Tarsiers are unusual among living 
primates in that they have retained the 
paraconid cusp on the lower molars, 
whereas this cusp apparently disappeared 








other extant 
primate groups. Fossil tarsioids have also 
retained the paraconid cusp and fine details 
thereof link Afrotarsius to Pseudoloris and, 
especially, to Tarsius. We are thus faced 
with the puzzling situation that the closest 
known relative of Tarsius, in dental terms, 
comes not from Eurasian deposits but from 
Africa. Furthermore, the close dental re- 
semblance between Afrotarsius and Tarsius 
throws some doubt on recent suggestions 
that tarsiers may be more closely related to 
simians than to fossil tarsioids. 
Afrotarsius is of considerable interest in 
its own right as a likely addition to the pri- 
mate fauna of Fayum (which is the only 
early Tertiary fossil site from Africa to 
yield substantial primate remains). Dental 
dimensions indicate that Afrotarsius was 
even smaller than Tarsius, with a body 
weight of perhaps 90 g, close to the modern 
dwarf bushbaby (Galago demidovii). 
Although the modern African primate 
fauna contains both simians (Old World 
monkeys) and prosimians (bushbabies and 
pottos), somewhat surprisingly only simian 
fossils had been found in the Fayum 
deposits before Afrotarsius was unearthed. 
It is even more suprising, however, that the 
first prosimian fossil reported from the 














Fayum should turn out- to be : 
rather than an early strepsirhine. Thus, as 
with many new fossil discoveriés, 
Afrotarsius poses more questions than it 
provides answers. 

Because of the extremely fragmentar 
nature of the Afrotarsius specimen, little 
new light is shed on the strepsirhine/ 
haplorhine dichotomy, although it provides 
reinforcement of the view that the close 
known relatives of the tarsiers are indeed 
the early Tertiary fossil tarsioids. The di 
tinction between strepsirhines and haplo- 
rhines is largely based on evidence from liv- 
ing primates, and many primate palacon- 
tologists have resisted the application of 
this distinction to fossil primates, most. 
of which are known exclusively from den 
tal remains. It should, therefore, not 
escape notice that in their account of Afro- 
tarsius, Simons and Bown explicitly refe: 
to the “‘suborder Haplorhini”, denoting a 
significant shift away from Simons 
previous classification, which employed th 
traditional suborders Prosimii and 
Anthropoidea. O 
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EISCAT 
Coherence from 


from Henry Rishbeth 


A RECENT issue of the Journal of Atmos- 
Pheric and Terrestrial Physics demonstrates 
how hard the scientific community is 
working on the data flowing from the 
European Incoherent Scatter (EISCAT) 
facility, and the advanced nature of the 
system |. 

UHF transmissions from EISCAT began 
in August 1981 but, owing to various prob- 
lems, the system did not become fully 
reliable until the late summer of 1983. Since 
then the 933 MHz UHF transmitter at 
Tromsø has accumulated 2,170 hours of 
operation during the year ending 30 
September 1984, comparable to the original 
annual target. This has been achieved des- 
pite a few weeks’ break to implement an 
improved operating system, and the need 
at times to interrupt UHF operations while 
the more powerful 224 MHz VHF trans- 
mitter is being installed. 

Half the total operating time is devoted 
to ‘Common Programmes’, comprizing 
runs of 24-36 hours in standard modes, 
which will continue over a solar cycle. 
Through the International Geophysical 
Calendar, these programmes are co- 
ordinated with operations of the French in- 
coherent scatter radar at St. Santin and the 
Western Hemisphere radars at Jicamarca 
(Peru), Arecibo (Puerto Rico), Millstone 
Hill (Massachusetts) and Séndrestrém 
(Greenland). The other half of the 
observing time is devoted to ‘Special Pro- 


































incoherence 


grammes’ of the six EISCAT associates 
which are the national scientific organi- 
zations of Finland, France, West Germany, 
Norway, Sweden and the United Kingdom. 
The flow of data from EISCAT is. stimu- 
lating new thought about the physics of the 
incoherent scatter process and the tech 
niques for extracting physical parameters 
from the data; early results have been’ 
described in these columns and else- 
where 4, 

EISCAT has produced the first direct 
evidence for anisotropic ion temperature in 
the auroral F-region at about 300 km 
height. At times, marked differences are 
found between the ion temperatures simul- 
taneously measured at the three UHF 
receiving sites, implying that the ion tem- 
perature perpendicular to the geomagnetic 
field is up to 50 per cent greater than the 
field-parallel temperature. The anisotropy 
occurs when the ionospheric electric field 
is large and variable, and appears to result 
from frictional heating of the rapidly- 
drifting ions by collisions with the neutral 
air. 

Middle atmosphere science is benefitting 
from EISCAT. Multipulse groups and 
coded pulses have been used to study spor- 
adic E layers with very high resolution, 450 
m in height and 10s in time. The data show 
that layers only 1 km thick are sometimes 
embedded in broader regions of auroral 
ionization. These experiments make pos- 





dic E. In the course of one experiment, 
the occurrence of a polar cap absorption 







‘measured at heights down to about 70 km. 
D-region studies are giving new informa- 
tion on how the electron distribution is 
related to the absorption of HF radio 
aves, an important factor in high-altitude 
-radio communications. Other experiments 
have measured winds and investigated the 
“ratio of negative ion to electron concen- 
trations at heights of 65-85 km, where few 
ground-based techniques are available. 
The combination of EISCAT and 
ground-based Fabry-Perot interferometers 
~~ sometimes valuably complemented by 
-< data from satellites such as Dynamics Ex- 
plorer — provides a powerful means of 
studying upper atmosphere dynamics at 
heights of 250-300 km, in particular the 
response to heating by electric currents or 
energetic particles. The interferometers 
“measure the temperature and line-of-sight 
‘velocity of the neutral air, using the O(G) 
630 nm emission, and sometimes of the 
ons, using the Oln) 732 nm emission. So 
ar, this has been done at EISCAT sites 
nly during hours of darkness and (of 
course) when the sky is clear. The 
observations clearly show that at times of 
geomagnetic disturbance, the ion flow 
speeds up and the pattern expands towards 
lower latitudes. The zonal neutral-air wind 
responds rapidly to individual disturbances, 
ut the meridional wind responds more 
lowly, apparently being determined by 
larger-scale phenomena. 
Several good sets of data are available 
from the optical observations made at 
Kiruna, close to EISCAT, and at Spitz- 
bergen, 10° north of the EISCAT trans- 
mitter. In one experiment, the combination 
of optical O(n) measurements from 
Spitzbergen and EISCAT data from 
Troms¢@ led to the conclusion that there 
was an unexpected strong downward 
component of ion motion. A general 
conclusion seems to be that vertical 
motions of ions and neutral air are of 
greater importance at high latitudes than 
at mid-latitudes. EISCAT has also been 
used in conjunction with television studies 
of aurora, which show that visual arcs, less 
than one kilometre thick in the magnetic 
north-south direction, are embedded in 
regions of ionization some tens of 
kilometres in thickness. Simultaneous 
measurements of the E-region ionization 
produced by energetic electrons, by 
EISCAT and by particle detectors on the 
geostationary satellite GEOS-2, have made 
‘it possible to study the movement of the 
‘footprint’ in the ionosphere of the mag- 
netic field line on which GEOS-2 is situ- 
ated. Other EISCAT programmes, some- 
times run in conjunction with passes of 
suitable satellites such as HILAT, 
ARCAD-3, and the NNSS series, are de- 
signed to investigate kilometre-scale struc- 
ture of the auroral F-region. These studies 
: have a bearing on practical problems of the 
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: event enabled electron concentrations to be 
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aves at high latitudes. 
Investigating the large-scale circulation 
of ionospheric plasma at high latitudes, 
which is driven by the interaction of the 
solar wind and the magnetosphere, has 
always been a major scientific objective of 
EISCAT. Maps showing the plasma vel- 
ocity over a range of latitudes, for 24 hours 
at a time, can now be routinely produced 
by a Common Programme. In October 
1984, EISCAT data were directly compared 
with interplanetary magnetic field data 
from the AMPTE-UKS satellite °, situated 
in the solar wind on the dayside of the 
Earth; the interplanetary field data were 
displayed in real time at the Rutherford 
Appleton Laboratory, to which were re- 
layed ionospheric plasma velocities 
measured 1,000 km north of Tromsø. 
Features of immediate interest were the 
increases in plasma velocity that followed 
southward turnings of the interplanetary 
field, and the occurrence of short-lived 
northward surges of plasma, possibly 
associated with ‘flux transfer events’ in 
which the interplanetary magnetic field 
connects with terrestrial field lines 6. 

An important part of EISCAT’s pro- 
gramme is the cooperation with the West 
German HF ‘ionospheric heater’, which 
can radiate several megawatts into the iono- 
sphere above Tromsø. Using the ionosphere 
as a plasma laboratory in which man, as 
well as nature, can perform a variety of 
experiments (with EISCAT as a ‘plasma 
diagnostic’), much is being learned about 
ionospheric plasma physics ’. 

Even without the ‘heater’, the ease with 
which EISCAT can detect the ‘plasma 
lines’ (narrow band echoes at frequencies 
of approximately f + fy, where f is the 
radar frequency and fy the local plasma 
frequency) raises some interesting pos- 
sibilities. With most other radars, the 
plasma lines are not easy even to detect. 
Comparisons have been made between the 
plasma drift velocities measured by 
EISCAT and by STARE, a VHF radar that 
employs coherent scattering from auroral 








mentary in that STARE can i obtain exten- ; 
sive measurements over an area of about 
400 x 400 km near Tromsø on a much 
more frequent basis than can EISCAT, but 
only in the presence of suitable auroral 
structures. Data from the two radars agree 
at low velocities but differ at high 
velocities, posing interesting questions °. 

Future plans involve the VHF radar, 
which will be particularly valuable for 
studies at great heights and in the middle 
atmosphere, for which its longer radio 
wavelength has considerable advantages. 
Testing of the VHF transmitter is in pro- 
gress, with the object of obtaining VHF in- 
coherent scatter echoes in the summer of 
1985. EISCAT’s science is supported by 
data from the ionosondes, riometers, mag- 
netometers, auroral all-sky cameras, 
doppler radar and other geophysical instru- 
mentation that is operated in Northern 
Europe, and of course by cooperation with 
rocket and satellite experiments, EISCAT 
will cooperate with the Swedish VIKING 
satellite this year, and with the Inter- 
national Solar-Terrestrial Programme? 
from about 1990 onwards. 

The EISCAT antennas can also be used 
‘passively’ without the transmitter, for 
example to record the interplanetary 
scintillations of quasars, which give infor- 
mation on the velocity and turbulence of 
the solar wind; and as a long-baseline inter- 
ferometer, possibly for studying the geo- 
dynamics of the Fennoscandian shield. 
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Topography and tectonics 


Japanese deep-sea trench survey 


from the Shipboard Scientific Staff of the Kaiko Project 


LAST summer, the first half of the two- 
year Franco-Japanese Kaiko programme 
for exploration of the deep-sea trenches 
close to Japan was successfully completed 
with a detailed topograpic and geophysical 
survey by the French research vessel Jean 
Charcot. Now, preparations are underway 
for this year’s programme in which 
France’s new deep-sea submersible SM97, 
Nautile—launched in October (see Nature 
31 January, p.339)—will make its maiden 
scientific dives to explore deep trench 
features, to collect bottom samples and to 
install ocean-bottom instruments. 


The area under investigation is of par- 
ticular interest to Earth scientists for it 
contains the meeting place of the Eurasian, 
Pacific and Philippine Sea Plates (see the 
map). To the south, the Philippine Sea 
Plate makes contact with the Eurasian 
Plate upon which Japan stands and is sub- 
ducted beneath it in the 4,500 metre deep 
Nankai Trough. To the north, the Pacific 
Plate is subducted beneath the Eurasian 
Plate forming the deep Japan and Kuril 
Trenches (deeper than 7,000 metres). At the 
centre of the map is the classic triple 
junction where all three plates meet, 















on each side of the colliding Iwo-Jima 
island arc. Parts of all these trenches were 
surveyed along with the remarkable 
undersea mountain, Dai-ichi Kashima. 
The Jean Charcot made detailed 
Seabeam maps of the bottom topography 
of trench slopes as well as measuring 
seismic reflection, magnetic total force and 
gravity, while cruising at 10 knots. The 
ship’s position was fixed with an error of 
less than 100 metres by the LORAN C navi- 
gation system controlled by the Navy Navi- 
gation Satellite System and the Global 
Positioning System. 

Four ports of call — Kochi, Shimizu, 
Tokyo and Hakodate — divided the Kaiko 
cruise into three legs, each of 18 days. In 
the Nankai Trough, investigated in leg one, 
seismic profiling and magnetic mapping 
revealed the presence of north-south trans- 

“form faults, roughly perpendicular to the 
trench axis, in the youngest central part of 
the. basin: These faults are reactivated 
during. subduction, thus controlling the 
structure of the accretionary prism. The 
eastern part of the Nankai Trough is com- 
plicated by the collision of the Iwo-Jima 
island arc with Japan. A major basement 
ridge, the Zenisu Ridge, parallel to the 
Nankai Trough and 40 km south of it, has 
been uplifted by 2-3 km. Sediments are 
piled up and deformed by compression at 
the foot of the large south-facing basement 
scarp, suggesting that the ridge is the result 
of large-scale northward underthrusting 
and may correspond to a nascent secondary 
subduction zone. 

Faults in the oceanic lithosphere adjacent 


-< to the trench axis were also observed on the 


“oceanward slope of the Japan Trench 
surveyed by legs 2.and 3. They are normal 
faults dipping both oceanward and land- 
ward to form a horst and graben structure, 
and are either roughly parallel to the trend 
of the trench axis, as is usual, or at an angle 
of nearly 60° to it. The latter faults seem 
to be parallel to magnetic lineaments of the 
ocean floor, which indicate the strike of the 
ancient active spreading ridge. Interest- 
ingly, no normal faults have been recog- 
nized about 100 km east of the trench in 
the ocean basin near to the crest of the 
outer swell, indicating that the faults are 
formed due to bending of the lithosphere 
as it approaches the trench. Thus it seems 
likely that faults generated at the mid- 
oceanic ridge are ‘rejuvenated’ when the 
lithosphere is bent near to the trench. 
Normal faults were also found in sea- 
mounts entering the Japan Trench. The 
survey clearly showed the Dai-ichi Kashima 
Seamount, which is about the size of 
Mount Fuji and is at the southern end of 
the Japan Trench, is cut into two halves by 
a large normal fault about 100 km long, as 
suggested by Mogi and Nishizawa (Proc. 
Japan Acad. B56, 257; 1980). One half is 
still perched on the rim of the Japan Trench 
whereas the other half has partially sunk 
into the trench. Vertical displacement along 
the fault plane is greatest at the centre of 





creating the Surugai and Sagami Troughs 





40-44 








Eurasian Plate 











30 












Pacific Plate 








| 







Philippine Sea Plate 















4 +— 








Map showing the major plate tectonic features investigated by the Kaiko programme and the: 
four ports of call. 1, The Nankai Trench; 2, the Suruga Trench with the Sagam Trench to the 
east of it; 3, the triple junction, where the Eurasian, Pacific and Philippine Sea Plates meet; 4 
Dai-ichi Kashima Seamount; 5, Erimo Seamount, at the junction of the Japan Trench to the 


south and the Kuril Trench to the north. 












the seamount, where it reaches 1,500 m, 
and decreases towards the ends of the fault. 
Apparently, young sediments which have 
partly filled the trench are also vertically 
offset at the northern extension of the same 
fault, implying that the fault motion must 
have occurred quite recently. The Erimo 
Seamount, situated at the junction of the 
Japan and Kuril Trenches, is similarly cut 
by at least three normal faults parallel to 
the trend of the Kuril Trench. 

The Nankai Trough and the Japan 
Trench were shown to be remarkably dif- 
ferent. In the former, plenty of mud and 
sand is being transported into the trench- 
bottom axis from the land along several 
canyons. The bottom of the trough is 
buried by thick sediments, some of them 
piled up and accreted to the lower landward 
slope by the subducting oceanic litho- 
sphere. Mud diapirism was detected within 
the trough. By contrast, the floor of the 
Japan Trench is occasionally covered by 
relatively thin terrigenous sediments which 
have slumped down from the landward 
slope, but most of the landslide deposits 
seem to have been subducted together with 
the oceanic lithosphere. Along its length the 
Japan Trench frequently changes direction 
under the influence of faults that strike 
obliquely to the trench axis to form a 
remarkable zigzag. Like the Nankai 
Trough, thick sediments cover the bottom 
of the Kuril Trench, at least at the western 
end which was surveyed. A steep cliff 
bordering the western margin of the Kuril 




























Trench seems to have resulted from le 
lateral strike-slip faulting, which mi 
record the past strike-slip motion of the 
eastern Hokkaido relative to the western 
landmass. 

The triple junction of the Izu-Bonin 
(Ogasawara) Trench and Sagami Trough 
investigated in leg 2 shows a notable degree 
of subsidence. A triangular area at the 
corner of the junction, with an edge of 
several tens of kilometres, is covered by a 
huge accumulation of terrigeneous 
sediments. The surrounding ocean floo 
are all inclined toward the centre of t 
triangle. These morphological and ot 
geological observations imply that the area 
is continuing to subside much faster than 
the rate at which terrigeneous. matters are 
transported through the meandering Boso 
Canyon, which was extensively studied on 
the expedition and which connects the area 
to the land. Several deep unfilled holes, 
where the subsidence rate is particularly 
high, were also found in the triangular area 
of the triple junction. 

After Nautile has completed this year’s 
dives, planned for June and July, some of 
the surveyed sites will be nominated fo 
further study by deep drillings and down 
hole observation as a part of the Ocean 
Drilling Program. pE 





Co-chiefs of the Kaiko project were: Leg 1, Kochi to Shimizu: 
T.J. liyama, University of Tokyo and X. Le Pichon, Universi 
P. and M. Curie, Paris; Leg 2, Shimizu to Tokyo: K. Nakamura; 
University of Tokyo and V. Renard, IFREMER, Brest; Leg 
Tokyo to Hakodate: J.-P. Cadet, Université Orleans and K. 


Kobayashi, University of Tokyo. 






































Jrom Edward Jones 


ON PAGE 477 of this issue, M.B. Calford 
and co-workers report that significant parts 
of the body-surface map formed in the 
somatic sensory areas of the cerebral cortex 
f a flying mammal, the fruit-eating bat 
‘Pteropus poliocephalus, is reversed in 
comparison with that in other mammals’. 
This correlates with the upside-down 
posture adopted by the bat at rest (see cover 
picture) and, Calford et al. argue, implies 
hat the cerebral cortex analyses spatial 
information in terms of the habitual 
orientation of an animal’s body in extra- 
sonal space. 
The study is typical of many in which 
iaps of visual space, auditory space or the 
ody surface are being detected in the 
cortex. The maps in the somatic sensory 
cortex are revealed by stimulating small 
portions of the body surface and recording 
he resulting localized electrical activity in 
the cortex with microelectrodes. Each map 
is usually a systematic representation of the 
‘body surface, with adjacent parts of the 
body. surface sending information to, and 
thus represented by, neighbouring groups 
of cells in the cortical area containing the 
map? —. hence the term ‘somatotopic 
‘presentation’. The somatotopic maps are 
ually illustrated in popular cartoon form 
homunculi, simiusculi, felisculi, rat- 
culi.and so on, their numbers limited 
y by the availability of species and the 
atience of the investigator, and their 
ames only by the investigator’s familiarity 
with Latin. The maps on page 477 could 
be called chirunculi or pteropusculi. 
> In common. with all other mammals 
investigated, this bat has three somatic 
sensory. areas,.each with a complete 
gomatotopic map, and multiple visual and 
auditory areas, each with their own maps. 
Like other mammals, too, the map of the 
ody surface, though systematic and, thus, 
omatotopic, is distorted; certain peripheral 
tegions, such as the rhinarium, facial 
whiskers, the free. first digit of the wing 
and the regions adjacent to it, have dis- 
proportionately large representations. A 
priori, therefore, it can be inferred that 
‘these regions have a greater density of 
innervation than other structures, reflecting 
their functions in this species as the major 
sensory and manipulating surfaces. 
A significant.difference between the bat 
and virtually all other mammals that have 
been studied?’ is that. the mapping of 
forelimb digits is reversed in two of the 
maps so that the representations of the tips 
of the digits point posteriorly instead of 
‘anteriorly. The representation of the belly 
surface of the trunk is also reversed. 
: These results are interpreted by Calford 
f al, as indicating that the constraints on 
mapping the body surface in the somatic 


Upside-down world in bat’s brain 


sensory cortex include the necessity for 
maintaining the relative dispositions of 
body parts to one another and to the head. 
The bat’s forelimb is usually held with the 
digits directed behind the head during flight 
and above it during rest; that is, according 
to the authors, its spatial relationships to 
the rest of the body are the reverse of those 
in most other animals. In other words, the 
relationship between the receptor surface 
and extra-personal space must be preserved 
in the cortical map. This has far-reaching 
implications for the anatomy of the somatic 
sensory system, because the nerve fibres 
bearing information to the somatic sensory 
cortex must have been reshuffled during 
evolution to create the reorganized map, 
and their source, the thalamus, must also 
have been modified. 

The analysis of personal and extra- 
personal space by the mammalian cerebral 
cortex is an accepted dogma *; it is also 
widely accepted that this is accomplished 
in terms of a series of two-dimensional 
maps. It is not too great a flight of fancy 
to imagine that somewhere in the distant 
evolutionary past, advantages conferred by 
this propensity for forming maps consti- 
tuted an irresistible pressure upon the 
cerebral cortex, leading it to expand as an 
enormous flat sheet rather than as a bolus 
of cells. It is not easy to see what the 
advantages of map-making are for the 
cortex, because some degree of spatial 





ably be carried oi 


by a kind of flying-spot analysis ina bolus 


of cells that received information from the 
peripheral sense organs. 

Calford ef al. would argue that the 
necessity of preserving spatial relationships 
is a major constraint imposed by the peri- 
phery on map-making in the cerebral cor- 
tex. That the somatic sensory map is 
mutable and can be influenced from the 
periphery is demonstrated in recent experi- 
ments on monkeys, where changes in the 
somatotopic map can be induced extremely 
rapidly in response to peripheral manipu- 
lations, such as severing nerves or ampu- 
tation of a finger °°, Whether the spatial 
domain is pre-eminent seems moot, for the 
several sub-modalities of somatic sensation 
must also maintain their differential 
representations in the same area of cortex. 
When these are mapped independently, the 
resulting map has often appeared 
remarkably unlike that based on somato- 
topy alone’. It is in the co-mapping of 
space and modality that the somatic 
sensory cortex is most remarkable. 


1. Calford, M.B., Graydon, M.L., Huerta, M.F., Kaas, J. & 
Pettigrew, J.D. Nature. 313, 477 (1985). 

2. Woolsey, C.N. in Biological and Biochemical Bases of 
Behavior (eds Harlow, H.F, & Woolsey, C.N) (University 
of Wisconsin Press, 1958). 

3. Kaas, J., Sur, M. & Nelson, RJ. in Cortical Sensory 
Organization, Multiple Somatic Areas (ed, Woolsey, C.N.) 
Vol.1 (Humana Press, Clifton, New Jersey, 1981). 

4, Mounteastle, V.B. Buli. Johns Hopkins Hospital 136, 109 
(1975). 
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Eukaryotic genes 


Are introns structural elements 
or evolutionary debris? 


Jrom Athel Cornish-Bowden 


THE discovery of introns — sequences of 
non-coding DNA that interrupt the coding 
sequences of genes but are excised from 
gene transcripts — burst upon an un- 
suspecting world in 1977. Since then, much 
information has accumulated about the 
ubiquity of introns in the genes of higher 
eukaryotes and their absence from those of 
prokaryotes and lower eukaryotes, but it 
is still not really clear why they are there 
or what they do. There is still argument 
over whether they were present in the pri- 
mordial genes and have been eliminated in 
the interests of efficiency by prokaryotes, 
or whether, instead, they were introduced 
after the eukaryotes separated from the 
prokaryotes. Papers in this issue of Nature 
and the January issue of Ce// contribute to 
the debate. 

It is scarcely tenable to propose that all 
introns are functionless, opportunistic 





pieces of selfish DNA which have invaded 
eukaryotic genes by taking advantage of the 
biochemical machinery that normally 
excises them. If so, why then did the 
excision machinery evolve in the first place? 
At least some introns, therefore, must have 
had a function, at some stage in the 
evolution of the gene. The most plausible 
suggestion is that the existence of introns 
makes it much easier for large and complex 
proteins to evolve, as they can be assembled 
from the small functional units or domains 
into which introns split genes. Moreover, 
new functions could in principle be 
produced by rearranging such domains. 
Once introns evolved, however, it became 
possible for parasitic DNA to take advan- 
tage of the excision machinery. Thus 
although some, perhaps most, introns must 
have a functional origin, it is not necessary 
to assume this for every intron. 
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Intron arrangement in the mononucleotide binding-site region of pig glyceraldehyde 3-phosphate 
dehydogenase (A), chicken pyruvate kinase (B) and horse alcohol dehydrogenase {C}, together 
with the consensus secondary structure (D) in terms of a-helices B-pleated sheets. Amino acids 
are designated by the one letter code; the positions of introns in the corresponding genes are 
shown by arrows and numbered according to the authors. 





On page 498 of this issue, Schwartz and 
co-workers suggest that both kinds of 
intron are recognizable in the glyceralde- 
hyde 3-phosphate dehydrogenase gene of 
the chicken. They classify the introns as 
type A, which result from the original 

--assembly of the gene from smaller units, 
and type B; which have never had any 
function. Moreover, they believe that type 
A introns can be further classified 
according to whether they derive from the 
creation of a domain from smaller units 
(Al), from the duplication of a complete 
domain (A2), or from the joining of two 
dissimilar domains (A3). Classification of 
the three introns that occur at or near 
the boundaries of the four recognized 
structural domains of the enzyme is 
straightforward: one is type A2, two are 
type A3. In addition, the catalytic domain 
contains a region that makes about 85 per 
cent of its hydrogen bonds within itself and 
which also corresponds to an exon — the 
part of the gene that is translated into 
protein. Thus, the two introns that flank 
this exon can be regarded as resulting from 





100 years ago 

THE LIFE HISTORY OF THE 
LYCOPODIACEAE 
THE area within which really notable discoveries 
are possible — at any rate amongst the higher 
plants — in the field of vegetable morphology 
is becoming very circumscribed. For some time 
the complete life-history of the Lycopodiaceae 
has been a missing chapter in our text-books. A 
paper which will mark its epoch in the history 
of Lycopodium is that for a separate copy of 
which I am indebted to my friend, Dr. Treub, 
the accomplished director of the Botanic Garden 
at Buitenzorg in Java. On his arrival at 
Buitenzorg, he lost no time in endeavouring to 
find the prothallia of tropical species. He seems 
to have all but succeeded in discovering those of 
Lycopodium cernuum in the first year of his 
residence there. Subsequently, he sowed the 
spores on the trunks of trees, and after a delay 
which led him to abandon any hope of success, 
he obtained satisfactory results from one of the 
sowings. 

In the present paper, Dr. Treub gives an 
exhaustive acccunt of the prothallium of 
Lycopodium cernuum. It is curious to observe, 
however, that in artificial cultures he did not 
succeed in carrying the development further than 
DeBary had done some time ago with L. 
inundatum. Fortunately, prothallia which he 
discovered under spontaneous conditions of 
development exactly fitted in where the others 
stopped. W. T. THISELTON DYER 
From Nature 31, 5 February 1885. 





the joining of protein domains and so of 
type A3. 

Apart from one intron in the non-coding 
region of the mRNA, all of the remaining 
six introns occur within domains and are 
more difficult to classify, because both Al 
and B type introns would be expected in 
similar positions. Nonetheless, Schwartz 
and co-workers believe that sub-domains 
can be recognized within the domains, and 
that several of the remaining introns can 
be interpreted as separating them, so that 
they are of type Al. Only one intron in the 
coding region is assigned to type B. 

This type of classification can be tested 
by examining the genes of comparable 
proteins. Types A2 and A3 introns should 
occur in other genes at domain boundaries; 
type Al introns should occur at homo- 
logous positions within homologous 
domains; but type B introns should occur 
at arbitrary and unrelated positions. It is 
of interest, therefore, to examine the hypo- 
thesis of Schwartz and co-workers in 
relation to new work by Lonberg & Gilbert 
(Cell 40, 81; 1985). These workers have 
determined the structure of the gene for 
chicken pyruvate kinase and compared it 
with that of the gene for maize alcohol 
dehydrogenase (Dennis E.S.et al., Nucleic 
Acids Res. 12, 3983; 1984). All three 
proteins contain a mononucleotide binding 
domain with alternating regions of f- 
pleated sheet and a-helix, though this 











domain in glyceraldehyde 3-phosphat 
dehydrogenase is considerably longe 
because it contains an extra piece of f sheet 
(which does not interfere with the structur 
of the rest of the domain). The comparison. 
shown in the figure, with arrows indicating 
the location of introns, is disappointing: 
intron II of the glyceraldehyde 3-phosphat 
dehydrogenase gene, classified as type A 
by Schwartz and co-workers, occurs at the 
boundary between # and a regions, but 
there is no intron at this boundary in either. 
of the other two genes; intron III, on th 
other hand, suggested to be of type B; 
corresponds almost exactly to an intron of 
the alcohol dehydrogenase gene. 

Examining the pyruvate kinase gene as 
a whole, it is clear that introns are. not 
placed at random in the sequence, and.at. 
least two systematic characteristics ar 
evident. The ten exons are of a much mor 
uniform length than one would expect i 
the coding region were interrupted a 
random, and the introns tend to’ fa 
between discrete regions of secondar) 
structure in the protein. Surprisingly, ther 
is little tendency for introns to occur at 
domain boundaries: most noticeably, th 
boundary between domains B and A; 
occurs near the middle of exon 5, the 
longest exon in the gene. It would be 
appealing, though entirely speculative, to. 
suggest that an intron at this boundary has 
been lost, because if it were present it would 
not only separate the two domains but 
would also make the exon size even 
more uniform. 

Although there is now much to suggest 
that introns are an ancient relic of primor= 
dial genes, convincing proof must await the 
discovery of clearly corresponding intron 
arrangements in genes for that arose by 
duplication before the separation of 
prokaryotes and eukaryotes. a 








Athel Cornish-Bowden is in the Department of 
Biochemistry, University of Birmingham, PO. 
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Palaeontology 


Back to the trees for 
Archaeopteryx in Bavaria 


Jrom Michael E. Howgate 


Nosopy expected the latest Archaeopteryx 
conference* to answer all the problems 
thrown up by this unique intermediate 
fossil. Indeed some of the more sceptical 
participants doubted if any of the problems 
would be nearer resolution after the event. 
However, a consensus of sorts emerged; 
several theories met their Waterloo; agree- 
ment was reached on some outstanding 
problems; and other contentious areas were 
set for resolution in the forseeable future. 





* ‘The International Arch@eopteryx Conference’, Eichstätt, 
FRG, LHS September 1984, The conference proceedings will 
be available through Dr. G. Viohl, Jura Museum, Willi- 
baldsburg, 8078 Eichstan, FRG. 





To help the proceedings, three of the six 
specimens of Archaeopteryx were present: 
the counterpart of the isolated feather 
imprint; the incomplete Tyler specimen; 
and the perfectly preserved (apart from the 
feather impressions) Eichstatt specimen 
accompanied by a specimen of the small 
dinosaur Compsognathus from the same 
Upper Jurassic formation. The Berlin 
specimen of Archaeopteryx was unable to 
attend, as it is on loan to Japan; the British 
Museum (Natural History) specimen was 
in too fragile a condition to travel, but an 
excellent video and slides were sent instead; 









lost disappointin he organizers, 
le local private owner of the Maxberg 
pecimen refused to allow any palaeon- 
ologists to view it, a position which he has 
maintained for the past ten years. This 
“prompted the conference to send a letter 
‘to the Bavarian State Government urging 
them to ensure that objects of such great 
importance should be made available to the 
scientific community. 

The two debates that dominated the pro- 
ceedings concerned the ancestry of 
Archaeopteryx, interpreted as ‘nearest 
sister-group relationship’ by the cladists, 
cand its functional anatomy—was it an 
arboreal flyer or a terrestial glider? One of 
the three competing hypotheses of ancestry 
had fallen by the wayside even before the 
conference started: Alick Walker (Univer- 
sity of Newcastle-upon-Tyne), originator of 
. the view that Archaeopteryx is more nearly 
related to crocodilomorphs than to either 
theropod dinosaurs or ‘primitive’ theco- 
dontians, has changed his opinion. He now 
egards the common specializations of the 
auditory region and jaw articulation seen 
in birds and crocodiles as the result of 
parallel evolution from a thecodontian 
ommon ancestor. This left Larry Martin 
(University of Kansas) maintaining the 
-crocodilomorph relationship on the basis 
f tooth shape, a character this author 
‘regarded as ‘agnostic’ to the debate, as the 
teeth of Archaeopteryx and later Creta- 
-ceous toothed birds could be equally well 
be derived from an early crocodilomorph, 
a theropod dinosaur or pseudosuchian (or 
even proterosuchian) thecodont. 

_ In tackling the remaining hypotheses, 
. Jaques Gautier (San Francisco) marshalled 
-a host of synapomorphic characters which 
‘Indicated that Archaeopteryx was 


















































¿morphologically a dinosaur. The Eichstätt 








small dinosaur that for 20 years from the 
time of its discovery in 1952 it was refer- 
red to the small coelurosaurian species, 
Compsognathus. Proponents of the alter- 
native hypothesis, that Archaeopteryx and 
birds only shared a more ‘primitive’ the- 
codontian ancestor with the dinosaurs, 
were left with the task of explaining the 
large amount of parallel evolution that 
must have taken place and for which there 
is no fossil evidence. The counter-attack 
launched by J.R. Hinchcliffe (University of 
Wales, Aberystwyth) focused on the critical 
question of the relationship between the 
digits of the wing of modern birds and 
those of Archaeopteryx. Hinchcliffe 
presented embryological evidence that the 
three digits in a bird’s wing are the middle 
trio (2:3:4) of the ancestral five. 
Palaeontological evidence, however, 
favours a digital formula of 1:2:3 in the 
manus of theropod dinosaurs, although the 
evidence is inconclusive because only four 
digits are known even in the most primitive 
specimen. M. Hecht and S. Tarsitano (City 
University, NY) believe that both lines of 
evidence are correct and that therefore the 
digital-reduction pattern was different in 
dinosaurs and birds, consequently they 
could only be related at the thecodontian 
level. J. Ostrom (Yale University) and 
Gautier felt that the embryological evidence 
is wrongly interpreted and that the digital- 
reduction pattern is 1:2:3 in both birds and 
dinosaurs. Lastly, R. Thulborn (University 
of Queensland) argued that the digital- 
reduction pattern in theropod dinosaurs is 
wrongly interpreted; it is his opinion that 
2:3:4 is the pattern for both birds and 
dinosaurs, 

Although the consensus was in favour of 
a theropod ancestor for Archaeopteryx, the 





The Eichstatt specimen of Archaeopteryx, which was considered to be a dinosaur of the genus 





Compsognathus until the faint feather impressions were noticed. (Photo: Dieter Kriebel.) 






skeleton (see figure} was indeed i o like ay 








possibility that one key synapomorphy, if 
falsified, would reduce all the other syn- 
apomorphies to the status of parallelism 
and hence irrelevant to the debate, should 
be a lesson to the more dogmatic cladists. 

The question of whether Archaeopteryx 
was arboreal or terrestrial was answered by 
Derek Yalden (University of Manchester), 
who proved to the satisfaction of everyone 
that the claws on the wings were adapted 
for climbing squirrel-like up tree-trunks. 
The claws, which are narrow, highly curved 
and fine-tipped, are distinct from raptorial 
claws but resemble those of trunk-climbing 
birds and mammals. Also, in contrast to 
current reconstructions, the claws did not 
protrude in front of the wing on free digits 
but must have pointed ventrally to allow 
digits 2 and 3 to support the primary 
feathers. Siegfried Rietschel (Karlsruhe) 
suggested that the claws also had a preening 
function and that the enigmatic impressions 
of feathers on the Berlin specimen are, in 
fact, ghost impressions of primaries which 
had been twisted under neighbouring 
feathers. Thus Archaeopteryx had a fully 
modern wing. Despite that, it could not 
have been a good flier as it lacked a supra- 
coracoideus pulley-system to act as a wing 
elevator and possessed a ventro-laterally 
directed glenoid which prohibited the wing 
from being elevated much above the hori- 
zontal (Tarsitano), thus effectively limiting 
its wingbeat to half a stroke. 

While Archaeopteryx was, by consensus, 
allowed back up into the trees, its putative 
ancestor, the ‘pro-avis’, was still the subject 
of much debate. R.P. Balda, G. Caple and 
W.R. Willis (Northern Arizona University, 
Flagstaff) consider it unlikely that a gliding 
animal could give rise to an active flier at 
realizable speeds, as the recovery stroke of 
the wing beat would cause a significant loss 
of power and height, such that it would 
tend to shorten rather than lengthen the 
glide path. Consequently they envisage the 
proto-bird as initially using its proto-wings 
for balance while running, jumping and 
turning until able, possibly downhill, to 
take-off at high speed. But as J.A.V. 
Rayner (University of Bristol) pointed out, 
there are no mechanical barriers in the shift 
from gliding to active flight, as long as the 
glide speed is sufficient. Moreover, the 
calculated maximum speed of Archaeop- 
teryx-sized coelurosaurian dinosaurs is only 
a third of the necessary speed to attain take- 
off, ruling out even a partially gravity- 
assisted downhill take-off (Thulborn). 

As a final fillip to the conference, 
Ostrom revealed the earliest known 
drawing of the Berlin specimen, showing 
the presence of contour feathers along the 
back and legs and what appears to be a tuft 
of feathers behind the skull, all long since 
prepared away. The drawing will be 
published as the frontispiece to the confer- 


ence proceedings. 0 
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CG doublet difficulties in 


vertebrate DNA 


Sik — Contrary to the idea proposed by 
Adams and Eason ', the dinucleotide CG 
does not appear to be less avoided at higher 
G+C contents in vertebrate DNA se- 
quences. The most meaningful relation in 
terms of the methylcytosine deamination 
hypothesis for the suppression of CpG '? 
is the difference between the normalized 
frequencies of doublets CG and TG as a 
function of % G +C, These normal statis- 
tics refer to the doublet frequencies 
expected from base composition and are 
calculated from permutations of the bases 
in the sequence *. I have therefore made 
plots of CpG suppression (CG - TG) versus 
% G +C for all human, mouse and chicken 
sequences of suitable length in our 
information system ACNUC, which in- 
cludes the latest GenBank release *. No 
correlation between the two parameters is 
found. The curves of CG -TG against % 
G+C are flat with high dispersion for each 
species. A few sequences do show less 
avoidance of CpG over 60% G + C, but 
this is not a general trend. Indeed, although 
the CG - TG dispersion is large at all G + C 
contents with the 84 human sequences 
studied, it is greatest above 60% G+C. 
Another test of the idea was made by sec- 
tioning the Epstein-Barr virus genome 
sequence (in latent form it can be highly 
methylated). The 172 kilobase sequence 
was divided into 17 segments of 10,000 
bases each and the normal statistic CG 
-TG plotted against % G+C (since the 
statistic is cumulative the best comparison 
is with. sequences of exactly the same 
length). This likewise gave a flat, dispersed 
‘curve: Furthermore, Drosophila sequences, 
which are not methylated 3°, also 
produced a curve of like appearance. 
Finally, plots for Escherichia coli and 
phages T7 and lambda are rather similar 
to those above (the T7 and lambda com- 
plete genome sequences were cut into 
2,000-base segments for the analysis). 
To add to Max’s findings’, in my 
human workfile seven sequences do show 
somewhat less CpG avoidance than the 
others; c-myc.5' end; enkephalin 5’ flank 
and start of intron C; alpha-actin mRNA; 
c-myc exon 2; enkephalin in exons | and 
2; tRNA Glu gene and flanks; 45S rRNA 
transcription origin region (which at 75.3% 
G+C shows no evidence of CpG suppres- 
sion). The last five sequences have more 
than 60% G+C, but nine others of over 
this amount reveal strong CpG avoidance. 
In the mouse sample (100 sequences of 1-2 
kilobases each, 27 from segmenting longer 
sequences), the seven of lowest CpG avoid- 
ance were: hypoxanthine phosphoribosyl 
transferase exon 1; 5’ end 45S rRNA pre- 
cursor; first 1,240 bases of MHC class H 
H2-IA-beta exons 2-6; RSRGO repeat 
element 5’ to rRNA transcription origin; 
first 1,180 bases of MUSCFOS; second half 
of MUSCMYCONC; 5’ flank, exons 1 and 
2 and first introns in MHC class I gene 








Q10. The first two sequences have over 
60% G+C. Thus instead of a general 
increase in CpG normalized frequency at 
high G+C contents, we see particular se- 
quence families exhibiting low CpG 
avoidance, while taken altogether 
sequences reveal the avoidance at least as 
strongly above 60% G +C as below. I wish 
I had a new hypothesis for the rarity of 
CpG in DNA. 

RICHARD GRANTHAM 
Institut d’Evolution Moléculaire, 
Université Lyon I, 
69622 Villeurbanne, France 
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Sir — In a recent News and Views 
article ', I discussed our published obser- 
vations on ‘‘CpG-rich’’ segments of mam- 
malian genes, and described a model we 
proposed? that might explain local 
persistence of this usually rare dinucleotide 
in 5‘ regions of certain genes. We suggested 
that these regions might have been pro- 
tected from the usual mechanism of CpG 
loss (deamination of 5-methylCpG to TpG) 
if these CpG-rich regions were undermethy- 
lated in germ-line DNA. The article pro- 
voked several responses, including some 
published in Nature >“. 

Erickson? addresses the methylation 
status of class I MHC genes, a category of 
genes in which we noticed that CpG-rich 
regions occur consistently in the region 5’ 
of intron 3. Erickson cites his experimental 
evidence that class I MHC genes of the 
mouse are highly methylated in sperm 
DNA, which may seem to contradict our 
undermethylation model; but I believe that 
his data do not provide a good test of this 
model. The particular experiment referred 
to (Fig.3 in ref.5) shows a Southern blot 
of mouse sperm DNA disgested with MspI 
and Hpall and probed with a mouse class 
I MHC probe. If the CpG-rich 5’ regions 
of the MHC genes were completely 
demethylated while the 3’ regions were 
highly methylated, the 5’ regions might be 
so thoroughly digested at closely spaced 
Hpall sites that the fragments generated 
from 5' regions of the genes would be too 
small to be detected in routine Southern 
blots. (In the H-2L% sequence, for 
example, the largest Hpall fragment 
contained in the CpG-rich region 5’ of 
intron 3 is 197 bp; most fragments are less 
than 100 bp.) Therefore, one might 
reasonably predict that the only fragments 
detectable on routine Southern blots of the 
Hpall digest would be large fragments 
generated from the highly methylated 3’ 
end of the gene, yielding bands similar to 
what is observed in Erickson’s Fig.3. Since 
the undermethylation model is consistent 
with the Southern blot reported in 
Erickson’s paper, while this blot is also 
consistent with the opposite prediction 
(methylation of the S' regions), it is ap- 
parent that this experiment does not test the 















































model. (This does not imply a defec 
Erickson’s data; his experiments wer 
simply designed for other reasons than t 
explore this particular model.) An add 
tional caveat should be mentioned. Mature: 
sperm represents a state of male germ-line 
DNA that is terminal and relatively transi- 
ent compared with that of the long-lived 
precursor stem cells, cells which may have 
a different pattern of DNA methylation 
than mature sperm. Therefore the. methy-. 
lation status of mature sperm DNA may 
not reflect the methylation pattern most. 
significant in influencing the accumulation 
of deamination mutations over successive 
generations. This caveat obviously applies 
equally well to the experiments that seem. 
to support our undermethylation model by 
demonstrating regional undermethylation 
in CpG-rich regions of several genes in 
mature sperm (as cited in the News and 
Views piece). 
Adams and Eason * suggest that G+ C 
rich regions of mammalian DNA may be 
held so tightly as a double helix that d 
amination of 5-methyl-cytosine residues; a 
reaction thought to occur only on single- 
stranded DNA, may be prevented in these 
regions; as a consequence, deamination- 
caused ‘CpG suppression’ would be absent: 
in these G + C-rich areas. This provides.an_ 
alternative model to the one we proposed 
explaining CpG-rich regions as a conse- 
quence of undermethylation of these 
regions in germ-line DNA. 
One theoretical reservation that I have | 
about the ‘tight helix’ model is that the © 
notion that deamination occurs only on 
single-stranded DNA is based on in vitro 
experiments on deamination events cat: 
lysed by bisulphite®’. Since the 
requirement of single-stranded DNA for 
the bisulphite-catalysed reaction may result 
from poor steric access of the catalyst in 
double-stranded DNA, it is not necessarily 
true that the in vivo deamination, not 
bisulphite-catalysed, would show the same 
preference for single-stranded DNA. 
If one accepts the extrapolation and as- 
sumes that in vivo deamination also 
requires single-stranded DNA, then the 
tight helix model seems to apply well to the- 
genes we considered in our earlier paper, 
since in these genes the regions that are 
relatively CpG-rich by and large are C +C- 
rich also. However, this correlation is not. 
always found. Mouse satellite DNA is”. 
composed of a highly repeated DNA ` 
segment which demonstrates no CpG 
suppression. In the 234-bp unit sequence ®, © 
the observed CpG frequency (3.4%) is“ 
almost exactly that predicted from G+C 
content, yet this sequence does not fall into 
the category of G +C rich sequences de- | 
scribed in the tight helix model since the 
G +C content is only 36.8%. It does, how- 
ever, fit the undermethylation model since 
available data?!” suggest that this satellite 
DNA is undermethylated in germ-line cells 
(mature sperm and spermatogonia) 
although it is highly methylated in other 
tissues. Furthermore, even when CpG 





“helix model, the germ-line undermethy- 
‘Tation model is not excluded. Thus in 
bovine satellite I DNA, where CpG sup- 
pression is essentially absent and G +C is 
high (about 57%), genomic sequencing 
experiments have indicated that these se- 
quences are undermethylated in sperm but 
not in somatic (thymus) DNA (J. Herbert 
Taylor, personal communication). 
Therefore I believe that, while the tight 
helix model offers an attractive alternative 
that may explain some CpG-rich regions, 
available data do not warrant abandon- 
ment of the undermethylation model. To 
` test the undermethylation model, we are 
planning experiments that may reveal the 
methylation status of some CpG-rich 
regions of MHC genes in sperm DNA; we 
do not presently endorse any particular pre- 
diction for the results of these experiments. 
Even if further data should favour the tight 
helix model as a mechanistic explanation 
for the maintenance of CpG-richness, the 
conservation of this feature in several MHC 
genes across three species suggests some 
functional significance (of either CpG-rich- 
< ness or G+ C-richness) that remains to be 
explained. 
EDWARD E. MAX 
National Cancer Institute, 
National Institutes of Health, 
Bethesda, 
Maryland 20205, USA 
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In search of 
physical reality 


Sir — T.W. Marshall’s review! of my 
book In Search of Reality calls for some 
serious factual qualifications. 

The question at issue concerns (in 
Marshall’s words) the possibility or impos- 
sibility of physical theories of a ‘‘local 
realist type” essentially built along the lines 
of Einstein’s physical realism (as is well 
known, Einstein’s locality requirements 
were an essential part of his criticism of the 
Copenhagen philosophy). Marshall ex- 
presses the view — presented by him as cer- 
tain — that even within the domain of such 
theories there is ‘‘no difficulty at all in 
explaining the data obtained in the experi- 
ments so far performed’’, provided only 
that determinism is not imposed and that 
the domain of the theories in question is 
not arbitrarily restricted to models picked 
up within too narrow a range. 

This claim is highly misleading in that it 


the main result of the Bell theorem, 
namely, that Einstein’s local realism is in- 
compatible with some elementary and in 
principle verifiable predictions of quantum 
mechanics, quite independently both of 
models (deterministic or indeterministic) 
and of any actual experimental result 
(proofs such as the one transcribed in plain 
words in the book are, despite superficial 
appearances, fully general in this respect). 
Marshall’s claim is even plainly erroneous 
since, when they turn their attention to the 
results of the experiments so far performed 
in this field (by Clauser, Fry, Aspect and 
others), realist physicists (including those 
who sympathize most with the Einsteinian 
ideals) generally stress that conceptually it 
is, by now, if not logically impossible, at 
least extremely difficult to preserve 
Einstein’s local realism; for, they say, it 
seems hopeless to do so without attributing 
the agreement found between the experi- 
mental data and the quantum predictions 
to some coincidence; and this, on the other 
hand, seems quite unbelievable in view of 
the quality of the agreement in question. 
In comparisons of this kind, the ineffi- 
ciency of the counters is extremely impor- 
tant, but, contrary to a suggestion by 
Marshall, it does not by itself remove the 
difficulty at issue — see, for example, refs 
2 and 3 for detailed quantitative data and 
evaluations. 

Here and there, various more-or-less 
convincing attempts are now being made 
to build up realistic nonlocal theories. But 
it can safely be asserted that a plain regres- 
sion to the kind of local physical realism 
that Einstein so strongly advocated is ruled 
out. 

BERNARD D’ESPAGNAT 
Laboratoire de Physique Théorique et 
Particules Elémentaires, 
Centre d’Orsay, 
91405 Orsay, France 
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T.W. MARSHALL REPLIES — Bernard 
d’Espagnat says it is ‘‘extremely difficult 
if not logically impossible” to construct a 
local realist explanation for the results of 
photon-correlation experiments of the 
Aspect type, while I, in my review of his 
book In Search of Reality, claimed that it 
is “not at all difficult”. I have reached 
what may seem to be the opposite conclu- 
sion from d’Espagnat as a result of reading 
precisely the literature he cites above in 
support of his view. 

How is that possible? 

First we should dispose of the suggestion 
of ‘logical impossibility’. What 
d’Espagnat is saying here is that Bell’s 
theorem demonstrates that an ideal experi- 
ment, with perfect detectors, will give 
results either corroborating the quantum 
theory of measurement and refuting all 
local realist theories or the oppposite. In 
the absence of such an ideal experiment, 





the assessment of real experiments, such 
those of Aspect, becornes one of distinguish- 
ing between ‘‘extremely difficult” and ‘‘not 
at all difficult’’, which shows that 
d’Espagnat and I have made opposite value 
judgements. 

The review article of Clauser and 
Shimony ! makes it quite clear what is at 
stake here. We can discriminate between 
the quantum model and “‘the family of 
local realist models’’ with an experiment 
using low-efficiency detectors, but only if 
we restrict the latter by imposing an 
additional restriction called ‘‘no enhance- 
ment’’. From the Aspect experiment, we 
might claim that local realist models 
satisfying the no-enhancement restriction 
are no longer possible. (Even this claim is, 
however, over-ambitious, because the pro- 
cedure by which a rather weak ‘‘signal’’ is 
extracted from a rather large “‘noise’’ back- 
ground is open to criticism ?.) 

What is this no-enchancement restric- 
tion? Essentially it imposes on all conceiv- 
able local realist theories certain features 
of the quantum model: that light is trans- 
mitted as photons and that the successive 
interactions of a photon with first a polar- 
izing device and then a photomultiplier are 
Statistically independent. By dropping these 
assumptions, my colleagues Franco Selleri, 
Emilio Santos and I have been able, with- 
out difficulty, to construct several local 
realist models 5, giving coincidence 
counts which are consistent with Aspect’s 
results®, The imposition of the no- 
enhancement restriction begs the question 
in favour of the quantum model, much as 
the von Neumann ‘‘theorem’’ did at an 
earlier stage in the debate. 

If anyone suspects that this is an ‘‘angels 
on a pinhead” type of controversy, it 
should be noted that our criticism of the 
data analysis in existing experiments has 
shown us the correct way to analyse the co- 
incidence data from low-efficiency detec- 
tors’. This research indicates that a 
discrimination between the quantum model 
and a much wider family of local realist 
models, not subject to the no-enhancement 
restruction, is possible. 

In the meantime I think that most 
scientists, given a choice between aban- 
doning physical reality and abandoning 
such an ad hoc hypothesis as “no 
enhancement’’, will unhesitatingly choose 
the latter course. This must mean con- 
ceding that Einstein’s criticism of the 
Copenhagen philosophy remains valid — 
for some of us, overwhelmingly so. 

T. W. MARSHALL 
Department of Mathematics, 
Manchester University, 
Manchester M13 9PL, UK 
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Global and seasonal variability of the temperature 
and composition of the middle atmosphere 
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The Stratospheric and Mesospheric Sounder on board the experimental meteorological satellite Nimbus 

7, launched in 1978, was designed to study the global structure, radiative properties, chemistry and 
dynamics of the stratosphere and mesosphere. The instrument obtained data over a four and a half 
year period, until spring 1984. This review considers the results obtained and looks forward to an 


advanced version now under construction. 





- IR -RADIOMETRY. from Earth satellites is now a standard 
: method for measuring atmospheric temperature profiles, both 
. for experimental and operational purposes’. As such remote 
sounding approaches maturity as a tool for, for example, weather 
forecasting, research groups are trying to develop new types of 
sensors which will increase the scientific applications and 
achieve higher accuracy and precision. The NASA experimental 
meteorological satellite Nimbus 7 was launched in October 1978: 
it contained the Stratospheric and Mesospheric Sounder 
(SAMS) which combined two novel techniques, limb scanning” 
and pressure modulator radiometry’, that had been first used 
on Nimbus 6 in separate instruments. 

After exceeding its design lifetime by more than 3 years, the 
SAMS recently developed a malfunction in its scanning optics 
and has stopped taking useful data. The large amount of infor- 
mation which has been collected means that we can assess what 
such an instrument can achieve. This is particularly appropriate, 
because a new version, the Improved Stratospheric and Meso- 
spheric Sounder (ISAMS), is being designed currently. This will 
be launched in 1989 on the NASA Upper Atmosphere Research 
Satéllite. 


Objectives and methods 


The SAMS instrument has been described in detail elsewhere’. 
The limb scanning technique involves viewing the atmosphere 
at a tangent to the surface, rather than downwards as performed 
previously, to obtain higher vertical resolution’. A pressure 
modulator radiometer (PMR) is a correlation spectroradiometer 
which uses a sample of the atmospheric gas under investigation 
(usually carbon dioxide for temperature sounding) as a spectral 
filter to obtain very high effective spectral resolution’. Together, 
these techniques offer the possibility of making quantitative 
measurements of IR thermal emission from the spectral bands 
of gases which are present in the middle atmosphere in small 
amounts, without the need to use cooled detectors and optics. 
These were difficult to accommodate in spacecraft at the time 
SAMS was designed without seriously limiting the lifetime of 
the investigation. 

SAMS was designed to measure the gases CO, H,O, CO, 
CH4, NO and N,O whose radiances depend on both abundance 
and temperature. Because CO, is mixed uniformly over the 
altitude range of interest (10-90 km) and its abundance is quite 
accurately known, CO, radiances are used to retrieve tem- 
perature structure. These temperatures may then be used to 
retrieve abundances for the other five species. Retrieval methods 
for. temperature and composition are discussed in detail else- 
where’. 

NO and N,O were measured because of their importance for 
the cycles of ozone photochemistry in the stratosphere. N,O is 
the main source of chemically-active nitrogen in the atmosphere, 





originating at the surface of the Earth in amounts which have _ 
been enhanced recently, for example by the increased use of 
artificial fertilizers. The main reactive products of N,O dissoci- 

ation in the stratosphere are NO and NO,; observations of the 
latter were not attempted by SAMS because of difficulties with 
retaining such a reactive gas in a modulator cell (although a. 
special modulator is being developed for this application in 

ISAMS). NO, was measured by the LIMS (Limb Infrared | 
Monitor of the Stratosphere) radiometer’, also on Nimbus’7,. 
which measured the distribution of HNO; as well as NO, and 

thus obtained a data set which complemented that from SAMS, 

LIMS was more conventional than SAMS in that it employed 

multilayer interference filters for spectral selection, but included: 
the use of a reservoir of cryogen (solid CH, and solid NH;) to` 
cool the detectors and associated optics for greater sensitivity. 
This factor, however, limited the operational lifetime to seven 

months. 

Nimbus 7 was launched on 28 October 1978 into a 100° 
inclination Sun-synchronous orbit at an altitude of ~ 1,000 km, 
from which SAMS limb-scanning measurements cover the globe 
from ~50°S to 70° N with measurements repeated at any given 
location twice per day, always at the same two local times. The- 
SAMS field of view, projected on to the limb of the Earth, was ` 
~8 km high and 100 km wide, the former determining the vertical 
resolution of the measurements. Vertical coverage was obtained 
by scanning the field-of-view up and down the limb; the repeti- 
tion rate of the scan was variable and so, therefore, was the 
horizontal sampling rate. The latter was typically 2°-4° of lati- 
tude, which can be compared with the separation of successive 
orbital tracks of ~25° of longitude. ; 

The measurements by SAMS of H,O, CH, and CO were | 
intended, in addition to revealing the global distributions and 
seasonal variabilities of these species, to shed light on the 
problem of the middle atmosphere water budget®. Water enters 
the stratosphere through the tropopause in ways which are not 
understood fully and is destroyed above the mesopause by 
photodissociation. At intermediate levels it is produced: photo- 
chemically by the oxidation of methane through a series of: 
reactions which involve CO as an intermediate product. CO is 
produced at high levels by photodissociation of CO, as well as 
by combustion processes on or near the Earth’s surface. Exten- 
sive measurements in space and time are essential for unravelling. 
the various contributors to a complex balance in which radiation ` 
and dynamics are also important. 


Results 


The first step when using data acquired by new techniques is 
to validate the measurements and the algorithms employed to 
convert raw IR radiances into useful geophysical quantities. In 
the case of SAMS, the latter involved removal of or accounting 
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Fig. 1 Zonal mean temperature fields from the SAMS for: a, 15 
January 1979 (‘typical’ winter); and b, 16 July 1979 (‘typical’ 
summer). See text for discussion of the vertical scales. 


or the effects of instrumental temperature fluctuations induced 
by orbital fluctuations in solar and terrestrial heating and by 
duty cycling of power to the instrument. It is necessary also to 
determine exactly where in the atmosphere the instrument is 
pointing from the data itself, as spacecraft roll uncertainties can 
be 1°; these correspond to tangent height uncertainties of +25 km 
‘at the limb. The algorithms developed for this purpose’ can 
retrieve the mean attitude of an instantaneous field of view to 
better than +0.002°, or about 100 m along the vertical direction 
t the limb. Detailed comparisons which have been carried out® 
between SAMS temperature retrievals and simultaneous 
measurements by rockets and radiosondes suggest that dis- 
crepancies in the temperatures of 1-2 K and in the retrieved 
attitude of up to +0.006° (360 m) may still exist. 


Temperature structure 


Figure 1 shows examples of temperature fields retrieved from 
SAMS data for typical days about six months apart. The tem- 
‘perature measurements are obtained as a function of pressure 
because the instrument has no knowledge of height above the 
surface. A‘pseudoheight’ scale can be generated by taking the 
logarithm of pressure (right-hand scale in scale height units; 
_mean scale height is ~7 km). The first-order symmetry of the 
mosphere. with season, as well as the major seasonally- 
veloping features such as the warm summer stratosphere and 
he cold summer mesopause region can be seen in Fig. 1. The 
sé of very large data sets of the type from which these examples 
were taken for studying atmospheric dynamics (circulation and 
aves), stratospheric and mesospheric warmings, seasonal vari- 
ations and climatology and budgets of heat, energy and momen- 
tum has. been described elsewhere’? 

Figure 2 shows SAMS data during : a period of planetary wave 
activity in January 1981. The geopotential height field was 
derived from the temperature field using the hydrostatic relation 
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Fig. 2 Longitude-pressure sections of deviation from the zonal 

mean for: a, temperature in K: b, methane in parts per million by: 

volume (p.p.m.v.), c, geopotential height in hundreds. of metres, 
all on 23 January 1981 (after ref. 22}. 


and the NMC 100-mbar geopotential height analysis. The west- 
ward tilt of the temperature and height perturbations with height 
is well understood and an almost invariant feature of stationary 
planetary waves, but Fig. 2 shows. that the field of methane 
shows the same behaviour. There is a marked positive correlation 
between perturbations of methane mixing ratio and geopoten- 
tial. For a steady state with a westerly mean flow and for the 
normal vertical and latitudinal gradients of mixing ratio, such 
a correlation is expected for small amplitude waves. Conditions 
at this time, however, were not steady (there was a strong 
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Fig. 3 Zonal winds for 1 February 1981: a, computed and b, 

measured, as a function of latitude and height. The empty rectangle 

in b represents a region of no satellite data from the SAMS, because 

of the limb-viewing geometry; below | mbar pressure the data from 

the Stratospheric Sounding Unit on Tiros-N have been employed. 
; After ref. 10. 


..-eross-polar wind flow) so this good correlation was not expected; 
“itis the subject of further study. 
An important use of temperature and geopotential height 
fields is in conjunction with numerical simulation models, both 
to provide valid initialization data and to gauge the model’s 
performance. This has been done’? using a time-dependent 
quasi-geostrophic model of the Northern Hemisphere featuring 
spherical geometry with dissipation and a zonal mean and eddy 
(1 zonal wave) component, similar to that used previously". 
The model domain is 2.8-14.6 pressure scale heights (~20- 
100 km) at intervals of 0.2 and 0°-90°N at intervals of 5°. The 
time step was 2h. The minor warming of early February 1981 
was simulated, beginning on 23 January with the observed zonal 
mean state and zero eddy state, using observed forcing at the 
bottom boundary, except that the amplitude was modified to 
Start at zero at the beginning of the run and allowed to build 
up. The agreement between the model and measurements was 
very satisfactory and a change of the observed zonal mean winds 
_ from westerlies to easterlies after the warming was successfully 
_ simulated in magnitude, timing and location. Figure 3 shows 
the agreement found for | February. The run was repeated using 
an idealized initial wind field, typical of winter, but not the 
actual conditions prevailing at the time. The same lower boun- 
dary forcing was used, but no warming resulted (the zonal winds 
changed very little and stayed strongly westerly), confirming the 
importance of the atmospheric conditions before a warming, 
not just the bottom boundary forcing. 











Volcanic dust 


Although SAMS was not designed to measure volcanic 
emissions, it has been possible to observe at some wavelengths 
the cloud from the eruption of the Mexican volcano El Chichón, 
which occurred during March and April 1982. Scattering of 
solar radiation in the ‘BI’ channel at 2.7 pm shows the cloud 
most clearly, but this observation is restricted to the dayside of 
the orbit. The B1 channel was designed to measure water vapour 
at around 90 km by observing solar radiation scattered by reson- 
ance fluorescence. No significant fluorescence signal was 
expected in the lower stratosphere. Thermal emission at 8 um 
in the ‘C2’ and ‘C3’ channels gives day and night coverage, but 
the signal-to-noise level is poorer, and the emission from the 
volcanic aerosol is combined with that from CH, and N,O, as 
it was these that the channels were designed to measure. 

The El Chichón data have not yet been analysed in detail, 
but they should enable us to follow the evolution of the cloud 
in three dimensions (although at a vertical resolution of only 
8 km) and provide an opportunity for studying the transport by 
the atmosphere of this point injection of material. 

Some preliminary results reveal that the opacity maximum 
settled initially at ~25km (Fig. 4), and spread out mainly 

towards the west, completely circling the globe in about 20 days. 
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Fig. 4 Wide-band emission near 2.7 um in telemetry units from © 
the SAMS: a, before; and b, a month after the El Chichón eruption, 
indicating the spread in height and latitude of the dust cloud. 


The cloud remained between Equator and 35° N until autumn 
1982. By February 1983 the level of peak opacity was below 
15 km and polewards of 50° N. 


Minor constituent abundances 


The SAMS NO measurements were of poor quality because of 
a chemical and a mechanical problem in the NO modulator. 
The CO, CO, 4.3-ym band and water vapour 2.7-um band data 
have poorer signal-to-noise ratios than was intended because 
the detector cooling for these short-wavelength channels (by a 
passive radiator) was less than expected (about 170K: was 
realized, rather than 160K planned), All of these channels 
provided useful scientific data, however, some of which has 
been analysed already. The long-wave CO, and water vapour 
channels (at 15 xm, and covering 20-100 um, respectively), the 
CH, and N,O channels, all functioned essentially as expected. 
over the lifetime of the instrument. 

All of these measurements require accurate spectroscopy to 
retrieve the constituent abundances with sufficient precision that: 
global and seasonal variations can be assessed. Validation by 
comparison with observations by other techniques is important 
for temperature measurements. In making intercomparisons, the 
time and place of the measurements must be the same or at’ 
least correspond to similar latitudes and times of year. The latter 
is more feasible, but there may be misleading conclusions due 
to short-term variability and spatial inhomogeneities in the 
composition field. Remote sensing and in situ measurements of 
various categories never sample the same volume of air and 
each has errors. The way forward is to obtain the largest possible _ 
data set by as many different techniques as can be devised and 
by emphasizing the usefulness of simultaneous and coincident 
data sets. This is being achieved by multiple sensors on satellites 
and by coordinated balloon launches incorporating several 
different approaches to the measurement of the same quantity. 
Ground-based remote-sensing measurements have an important 
role by measuring fluctuations with time at a single location. 

Once the measurements are understood reasonably well, their : 
interpretation can begin; this is complex because most species 
have several sources and sinks distributed through the atmo- 
sphere. CO, for example, is produced: (1) at the surface. by 
combustion and propagated upwards; (2) in the upper atmos- 
phere by photodissociation of CO, and propagated downwards; 
and (3) in the middle atmosphere by the incomplete oxidation 
of CH,. Water vapour is removed high in the atmosphere by’ 
dissociation and lower down by condensation. The major: 
difficulty in understanding the physics and establishing the 
contributions of each process under various conditions ‘is the 
interdependence of radiative, chemical and dynamical pro- 
cessses. For example, if water vapour is observed to increase in 
the stratosphere with time of day, this could be due to increased 
























































-80 -60 


logio Mixing ratio 


Fig.5 Comparison of the SAMS N,O 1979 annual mean profile 
for 10°S-10° N (solid line) with other measurements (°, WMO 
1982). Dashed line shows the standard deviation of the monthly 
mean profiles for that latitude band and the horizontal bars are 
the estimated accuracy. The heavy dotted-dashed line shows the 
annual variation observed in the Oxford two-dimensional photo- 
chemical and dynamical model over the same latitude band. 


production or to advection of moist air into the region from 
elsewhere. 

Progress is possible by using models of the atmosphere in 
‘which all of the important processes are represented. The 
observations can then be compared with the model’s predictions 
and experiments to investigate the sensitivity of the measurable 
quantities to the processes. Even with modern computers, no 
model can include all the physics at a resolution comparable 
with the scales of atmospheric variability, so different models 
-äre characterized by their approaches to parameterizing radia- 
tive transfer, photochemistry and fluid dynamics in ways which 
approximate the true behaviour of the atmosphere usefully while 
remaining economical. Apart from these practical considera- 
: tions, many aspects of atmospheric behaviour are not well 
understood, so that introducing appropriate parameterizations 
is a major challenge. 

Figure 5. shows an example of a SAMS N,0 profile compared 
with a selection of in situ determinations and to the predictions 
of a model. The direct measurements were all made near the 
Equator at a range of different times and by several different 
groups, all using versions of the ‘grab-sampling’ technique. The 
data are taken from ref. 12. and the model is the Oxford two- 
‘dimensional model’? which treats processes as a function of 
latitude and height but averages over longitude. The examination 
‘of several such comparisons'* implies that: (1) SAMS NO 
agrees quite well with in situ data near ~30 km but is some 30% 
higher below; (2) SAMS N O profiles are substantially smaller 
‘than the model predicts above 35 km, even when seasonal varia- 
bility (the amplitude of which is shown in Fig. 5) is taken into 
< account in both cases. The reason for the discrepancy (1) is 
unknown; further comparisons with more techniques are 
needed. The difference (2) is probably not dynamical in origin 
because similar comparisons for methane (like N,O, CH, is 
fairly long-lived in the stratosphere) agree much better. The 
cross-section of atomic oxygen at ultraviolet wavelengths near 
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Fig.6 Monthly mean latitude-pressure sections of CH, (p.p.m.v.) 
measured by the SAMS for the months January and July 1979. 
The differences seen are part of a seasonal trend which repeats 
each year, the maximum of methane concentration tending to 
follow the Sun but with a pronounced, height-dependent lag. 


200 nm may be smaller than thought currently’*. If so the model 
would underestimate the rate of photochemical destruction of 
N,O in the upper stratosphere, as observed; hence the suggestion 
requires laboratory tests. The likelihood of a significant source 
of N,O in the upper atmosphere, due, for example, to solar 
protons and relativistic electrons interacting with molecular 
nitrogen'* is reduced by these preliminary comparisons between 
measurement and theory. 

Methane measurements by SAMS show very close agreement 
with in situ measurements and also with the two-dimensional 
model'?. Figure 6 illustrates the global, zonally-averaged distri- 
bution of CH, for 2 months: January 1979 and July 1979. 
Methane has a photochemical time constant of the order of 
several months at 40km and years at 30km; the structure 
apparent in Fig. 6, which changes progressively from month to 
month, is, therefore, thought to result from dynamical effects. 
An obvious interpretation is that a poleward overturning of the 
stratosphere analogous to the tropospheric Hadley circulation 
occurs and is strongest in the summer hemisphere. Examination 
of a larger data set show that intermediate states with two equal 
low-latitude maxima occur around the equinoxes between the 
extremes in Fig. 6. This behaviour is not reproduced in our 
model and suggests a persistence of the summer circulation 
which is not predicted by any stratospheric model at present. 

SAMS made water vapour observations by two different tech- 
niques: thermal emission measurements in the long-wavelength 
pure rotational band and observations of resonance fluorescence 
in the 2.7-um vibration-rotation bands. The latter require very 
low collision rates between molecules and direct radiation from 
the Sun and hence apply only to the dayside mesosphere. The 
retrieved values'® are quite low, of the order of | part per million 
by volume (p.p.m.v.) or less, above 70 km. Below 65 km, the 
thermal emission measurements correspond to ~10-p.p.m.v., 
falling to around 4 p.p.m.v. below 35 km, where there are many 
other measurements for comparison; such comparisons confirm 
the values as typical of the lower stratosphere. The dry mesos- 
phere and the sharp decline in humidity near 65km is not 
surprising as photodissociation is an effective sink at these levels, 
although the actual values need validation. The large values in 
the upper stratosphere, however, do not agree with any model 
and if confirmed will require a further, presently unknown, 
source of water vapour, as methane oxidation alone cannot, 
according to models, raise the value above about 8 p.p.m. We 
assume that the retrievals from measurements in the rotation 
band have large uncertainties because the properties of the 
spectral lines, especially their shapes, and particularly for the 
self-broadened lines in the modulator cell, are not known well 
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Fig. 7 a, Zonal mean profiles of radiance emitted by carbon 
monoxide; daytime (x) includes resonance fluorescence, night- 
time (©) is only thermal emission. Average of data from 45° S to 
45°N for the period of 25 December 1978 to 30 June 1979. b, 
Carbon monoxide profile derived from daytime radiances averaged 
over 35°-70° N for the same time period as a. Horizontal lines are 
error bars. The dashed lines are a first guess and its assumed 
oes standard deviation'®. 


enough. Furthermore, recent spectroscopic measurements of 
water vapour in the 2.7 um band from Spacelab 1 suggest!” that 
“the width of the lines at low pressure is greater than believed 
previously, a finding which may have consequences for the 
longer wavelength band, once its cause is understood. These 
aspects are being investigated theoretically and in the laboratory 
as part of the SAMS data validation programme. 
` The CO band and one of the CO, bands which SAMS 
observed (at 4.7 and 4.3 um respectively) also emit strongly on 
the day side by resonance fluorescence (Fig. 7a). For CO, these 
data will provide information on the populations of the vibra- 
tional energy levels which relate to mesospheric heating and 
cooling rates’. The CO radiances have been inverted to obtain 
abundance profiles'®; (see Fig. 7b). The mixing ratio increases 
_s quite sharply above ~40km due to a combination of two 
sources, photolysis of CO, and oxidation of CH,. The latter is 
_ probably the major contributor in the stratosphere, but detailed 
model comparisons with the complete data set will be required 
to make a definite statement about the relative magnitudes of 
height-dependent sources. 

The very important minor constituent ozone is not measured 
by SAMS, but several studies have been carried out on the 
relationship between ozone concentration and temperature. Bar- 
nett et al.'° used Nimbus 4 Selective Chopper Radiometer and 
Backscatter Ultraviolet Spectrometer (BUV) data (for tem- 
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perature and ozone, respectively) and found a. rong negative 
correlation between the two in 1970. Recently, Keating” has 
used SAMS and BUV data to perform a similar study for 1980 
which concluded that the temperature-ozone correlation. 
coefficient had undergone a secular change. This is attributed 
tentatively to the change, during the 10-yr period, in the abund- 
ance of chlorine-containing species in the stratosphere due to 
the release of freons at the surface. Such a dependence had 
been predicted theoretically; it has been suggested that the order 
of magnitude of the change is about that expected”. 










































Future activities 


The completion of the above studies and the initiation of new 
ones relies on reprocessing, inversion and gridding of the large 
database using the latest algorithms which derive from the fulle 
possible understanding of how the instrument performed in- 
space?'. The validation of the retrievals of water vapour and 
intercomparisons with other methods of measurement are still 
in progress, the latter as part of the international Middle Atmo- 
sphere Programme. ne 

Data from satellite experiments are acquired in such large 
quantities that archiving is a problem, particularly when access. 
to the data set is needed by modellers, theoreticians and in situ 
and satellite experimenters who have no previous experience 
with the instrument which made the measurements. In the 
United States, the National Space Science Data Center 
(NSSDC) has been set up for this purpose at the Goddard Space 
Flight Center; SAMS data covering a 4-yr span are being archi- 
ved there, both as calibrated radiances and gridded geophysical 
parameters. A similar archive is_ planned in the United Kingdom, 
probably at the Rutherford Appleton Laboratory, initially for. 
Nimbus data but to accommodate eventually geophysical data 
from a wide range of UK experiments. A system offering remote 
access to the data from a network of points in the United 
Kingdom is under consideration. 

The next opportunity for acquiring long-term coverage of the 
middle atmosphere from a satellite should be the launch of the 
NASA Upper Atmosphere Research Satellite in 1989. One 
instrument on board this new class of space shuttle-launched 
satellite is the Improved Stratospheric and Mesospheric Sounder 
which uses helium pressure modulators to drive miniature Stirl- < 
ing cycle coolers to run the detectors and their fore-optics at 
80 K. The improved sensitivity (up to two orders of magnitude) 
allows the use of higher vertical resolution and the identfication 
and study of local perturbations in temperature and composition 
and their inter-relationships, while preserving the global, diurnal 
and seasonal coverage which makes the satellite such a powerful 
technique for the study of atmospheric chemistry, radiation and 
dynamics. 


12. World Meterological Organisation The Stratosphere (WMO report No, 11, 1982). 

13. Harwood, R. & Pyle, J. A: Q. J.R. met. Sac. 101, 395-420 (1975). 

14. Jones, R. L. & Pyle, J. A. J. geophiys. Res. 89, 5263-5279 (1984). 

15. Prasad, S. S. & Zipf, E. C, Nature 291, 564-566 .{1981). 

16. Drummond, J. R. & Mutlow, C. T. Nature 294, 431-433 (1981). 

17. Lippens, C. et al. Aeron. Acta (in the press). 

18. Murphy, A. K. thesis, Oxford Univ. (1985). 

19. Barnett, J. J, Houghton, J. T. & Pyle, J. A. Q. J.R. met. Soc. 101, 245-257 
{1975}. 

20. Keating, G. M. Pap. at int. Un. Geod. Geophys. Hamburg (1983). 

21. Wale, M. J. & Peskett, G. D. J. geophys. Res. 89, 5287-5293. (1984). 

22. Jones, R. L. thesis, Oxford Univ. (1983). 











Preliminary Phanerozoic polar wander paths 
for the North and South China blocks 


Jin-lu Lin’, M. Fuller’ & Wen-you Zhang’ 


* Institute of Geology, Academia Sinica, Beijing, China 
+ Department of Geological Sciences, University of California, Santa Barbara, California 93106, USA 












Polar wander paths for the North and South China blocks suggest that (1) both were parts of Gondwana in the Palaeozoic, 
(2) the North China block accreted to Siberia in the late Permian and (3) the South China block accreted to the North 
China block in the middle Triassic to the early Jurassic. Comparison of the polar wander path for the South China block 
with that for northern Eurasia suggests that relative motion of over 4,000 km has occurred between them. 



























































CHINA, like the rest of Asia, is composed of a number of tectonic 
blocks or cratons, separated by fold belts which mark the sutures 
where they have been welded together. Palaeomagnetism can 
be used to elucidate the origin and accretionary history of the 
` blocks and is therefore important in geological studies of Asia'~®. 
We have made a detailed palaeomagnetic study of the North 
and South China blocks (NCB and SCB) to determine their 
apparent polar wander (APW) paths. 


‘Regional geology and sampling 

Geologically, the NCB is separated from Siberia by the Central 
Asian fold belts in the north and from the SCB by the Qinling 
fold belt in the south. The basement of the NCB consists of 
Archaean and early and middle Proterozoic metamorphic rocks. 
With the Luliang orogeny (~1,800 Myr) the parts of the NCB 
-were welded together to form a cratonic block. We collected 
samples from Shandong, Liaoning and Shanxi provinces and 
Jixian County (Fig.1) and found that almost all of the periods 
from the Tertiary to the middle Proterozoic are represented. We 
» collected a total of 1,981 samples from 250 sites but report here 
only the Phanerozoic results. 

The SCB (the Yangtze paraplatform) is surrounded by fold 
belts, such as the early Palaeozoic South China fold belt to the 
south east and the Quinling fold belt to the north. It is connected 
to the NCB by the Huaiyang Shield in the north east. Most of 
the basement. of the SCB is late Proterozoic. With the Jinning 
orogeny (~850 Myr) the SCB completed its transition from fold 
belt to cratonic block. We collected samples from Zhejing, 
Guizhou, Yunnan and Hubei provinces (Fig. 1) representing all 
the periods from the Tertiary to the late Proterozoic, the age of 
the oldest unmetamorphosed rocks in the SCB (1,029 samples 
from 180 sites). 

Our samples were measured on cryogenic and spinner mag- 
netometers using alternating field and thermal demagnetization 
methods. As many sites were demonstrably remagnetized, 
Zijderveld diagrams, vector differences and remagnetization 
. circle methods were also used. All the results from this study 
and the few previous results satisfying the minimum criteria of 
reliability* are listed in the China palaeomagnetic data list’, 
including 69 NCB and 90 SCB poles. The pole positions from 
our study are reported from sites, each consisting of five indepen- 
dently-oriented samples (data list available from the authors). 
‘The APW. paths for the SCB and NCB (Fig. 2a, b) are construc- 
. ted from the data in Table 1. 


Palaeopoles from the SCB 


-Qur Tertiary poles consist of determinations from three late 
Miocene basaltic lavas in Zhejiang Province (South China (SC) 
1+3) giving a mean pole (SC 4). The results include antipodal 
normal and reverse flows, but with so few flows we cannot 
estimate how well secular variation has been averaged. The 
results, however, are consistent with studies of red beds in Hunan 
Province*, which also pass a reversal test. Thus, whereas the 

















Fig. 1 Site map with major tectonic units in China shown 

schematically. The solid lines are block boundaries; CAF, Central 

Asian fold belts; QLF, Qinling fold belt; SCF, South China fold 
beit. 


Tertiary APW path clearly is not well constrained, it may include 
a loop towards northern Europe. 

The Cretaceous results are from widely separated parts of the 
SCB; the Upper Cretaceous pole (SC 7) is for South Koreat. 
Our seven Lower Cretaceous sites in volcanic and sedimentary 
rocks are in Zhejiang, giving the mean pole SC17, consistent 
with SC 8 (ref. 9) and SC 9 (S. Sasajima, personal communi- 
cation). 

The mean Upper Jurassic pole (SC 24) from this study is 
based on six poles, SC 18-23, in Zhejiang ignimbrites and 
sandstones. The Middle Jurassic result (SC 27-30) from red 
beds in Guizhou province includes normally and reversely 
magnetized samples. Results from Hong Kong (SC 25) (S. 
Sasajima, personal communication) and Anhui province (SC 
26) (ref. 10) are also included. 

The Middle Triassic pole SC 32 (Chan Lung-san, personal 
communication) is preliminary, being based on eight samples 
from two sites, but the results do include two polarities and 
pass a fold test. 

A collection of 42 samples from 13 sites in the Changxing 
carbonate section, a Permian/Triassic type section, yielded a 
consistent direction after thermal demagnetization to 300°C. 
The resultant mean pole is SC 46, close to that obtained for the 
Middle Triassic. 

Most of the 56 Permian samples studied from 10 sites in the 
Emeishan basalts of Guizhou carried a late Mesozoic or recent 
characteristic direction. Their magnetization was complex with 
at least four directions. Three of these are clearly secondary, 














Table | 


Mean palaeopoles for the North and South China Blocks 











Age Pia Prong. K Ags 
TM-TP * 74.2 36.5 148 76 
KU 69.0 191.1 85 8.3 
KL 76.2 225.7 4.8 
JU 73.0 213.7 29 12.6 
JM 68.8 202.1 14.0 
TRM 54.6 209.7 95 (5.7) 
PU-TRL 30.7 204.8 38 6.8 
PU 29.3 235.3 41 (12.0) 
CU 21.5 224.6 28 17.8 
CL 25.2 220.7 12 (28.2) 
CBL 3.4 195.0 28 8.8 
™ 76.4 178.0 230 6.0 
KU 69.0 182.0 4.0 
KL 69.0 200.0 40 12.2 
JU 71,3 225.7 38 79 
JU 74.2 215.6 57 4.0 
JM-JU 721 202.0 194 6.6 
JM 81.9 253.3 4l 9.6 
TRL 35:3 39.3 17.6 
PU 38.1 6.3 

PU 44.0 358.0 40 6.9 
OM 43.2 332.5 53 (10.6) 
CBL 15.0 298.6 38 9.9 
PCU 16.5 301.1 35 9.5 


abe 


DP DM N Test China List 
8 R SC 1-5 
10.1 12.9 5 SC7 
14 R SC 8-17 
6 SC 18-24 
9 R SC 25-30 
3.3 6.2 2 RF SC 32 
5.4 8.6 13 SC 33-46 
7.4 13.4 i SC 47 
8.9 17.8 4 RF SC 54-59 
14.3 28.4 i SC 61 
8 RA SC 64-72,78 
7.2 9.3 4 R NC 1-5 
8 NC6 
12.5 17.5 5 R NC 7-12 
6.7 10.3 10 NC 13-23 
3.7 3.4 10 NC 24 
6.8 9.5 4 NC 25-29 
8.4 12.6 4 NC 30 
14.0 22.0 6 R NC 35-39 
2 R NC 40-42 
3.8 2 12 R NC 43 
5.3 10.6 l R NC 44 
7 R NC 46-60 
8.8 12.9 8 R NC 61-69 


The database and statistics of the APW paths for the NCB and SCB. Column 1, age; columns 2-and 3, pole position; columns 4 (K) and 5 
(Aos), precision parameter and 95% error in Fisher’s*’ analyses; columns 6 (DP) and 7 (DM), semi-axes of the elliptical error around the pole at 
95% probability, DP in the colatitude direction and DM perpendicular to it; column 8 (N), number of sites; column 9, stability tests; R for 
reversal test, F for fold test and A for attitude test; column 10, pole number in China palaeomagnetic data list’. Abbreviations: TM-TP, Teritary 
Miocene-Pliocene; KU, Upper Cretaceous; KL, Lower Cretaceous: JU, Upper Jurassic; JM, Middle Jurassic; TRM, Middle Triassic; PU-TRL, 
Upper Permian-Lower Triassic; CU, Upper Carboniferous; CL, Lower Carboniferous: CBL, Lower Cambrian; OM, Middle Ordovician; PCU, 


Upper Precambrian. 


„being in the present dipole field direction and in the Jurassic 
normal and reversed directions. We tentatively identify the 
fourth as a primary Permian direction which gives the pole SC 
47, approximately antipodal to the Permian/Triassic boundary 
~-result,-A recently-reported Permian pole for the SCB° is incon- 
sistent with our result. It may be a secondary remagnetization’, 
or the result of tectonic rotation (M. W. McElhinny, personal 
- communication), so is not included in the APW path described 
» here. 

The Upper Carboniferous poles (SC 54-59) were obtained 
. from reversely magnetized samples, consistent with a Kiaman 
< reversed interval age. The samples were from a fresh man-made 
-= outcrop and were not as severely remagnetized as the remaining 
: Carboniferous sites. The Lower Carboniferous pole (SC 61) was 
obtained from normally magnetized results. Thus, our Car- 
. boniferous results are based on data which pass a reversal test. 
They also pass a fold test. 

We did not obtain useful data from Devonian, Silurian or 
Ordovician sites, all of which were remagnetized strongly in 
Recent or Mesozoic directions. 

The Lower Cambrian poles. are based on collections from 
' Zhejiang, Hubei and Yunnan provinces. The poles from the 
Hetang Formation in Zhejiang and the Tianheban Formation 
almost 1,000-km away in Hubei satisfy an attitude test at the 
95%: confidence level but are discrepant before bedding correc- 
tion. The Tianheban is flat lying. After the Hetang Formation 
results have been corrected for early Palaeozoic tilt, the data 
from both formations are in good agreement, this test being 
comparable with a fold test. 


- Palaeopoles from the North China block 


‘The Tertiary poles (North China (NC) 1-5) include both nor- 
-mal and reversed polarities, but are preliminary because they are 
both from the same area (Linju County of Shadong Province) 
and from basalts. The Upper Cretaceous pole (NC 6; ref. 11) 
and the Lower Cretaceous poles (NC7-12) are from andesites 





and rhyolites in Zhuji County. of Shandong. The Upper Jurassic 
sites (NC 13-23) are in sandstone of the Laiyang Formation in: 
Zhuji County of Shandong, consistent with (NC 24; ref. 10), 
obtained from the Mengying Formation in western Shandong. 
The Middle/ Upper Jurassic poles (NC 25-29) are for siltstones 
from quarry sites of the Santai Formation in Zibo of Shandong. 
In all these studies, alternating field and thermal demagnetiz- 
ation methods gave consistent results. 

Preliminary Lower Triassic results from red beds in’ three 
areas have similar secondary magnetizations. (The results from 
Zibo, Shandong Province are so close to the present field direc- 
tion before bedding correction that they are not included.) Two: 
sites from Taiyuan of Shanxi Province give scattered’ results 
with a northwesterly declination and shallow positive inclina- 
tion. The four sites from Benxi of Liaoning Province include 
both normal and reversely-magnetized rocks. The normal 
samples have a similar direction to those from Shanxi Province. 
The direction in reversely-magnetized samples migrates towards: 
that antipodal to the normal samples on thermal demagnetiz- 
ation, but even at high temperature fail to reach the antipodal 
direction. The poles from Liaoning Province are included (NC 
35-39). ; 

The Upper Permian poles (NC 40-42) and (NC 43; ref. 6) 
are from a Permian/ Triassic sedimentary section in Taiyuan of 
Shanxi. Sandstones in the section are heavily remagnetized, but 
mudstones gave consistent reversed directions after thermal 
demagnetization. 

Most Ordovician samples were remagnetized so strongly that 
no useful information could be obtained; the Middle Ordovician 
pole position reported here (NC 44) is from only one site but = 
is based on AF and thermal demagnetization, hence we tenta- 
tively suggest that it is an Ordovician characteristic direction. 

The Lower Cambrian pole positions (NC 46-56). and (NC 
58-60) from oolitic carbonate in Zhangxia of Shandong and» 
from carbonate in Fuzhouwan of Liaoning have different ther- 
mally-cleaned directions from any observed Phanerozoic 












Fig. 2 a, APW paths for the SCB; b, the NCB. Ter, Tertiary; K, 
Upper Cretaceous; K,, Lower Cretaceous; J,, Upper Jurassic; Ja, 
Middle Jurassic; Tr}, Middle Triassic; Tr,, Lower Triassic; P,-Tr,, 
Upper Permian to Lower Triassic; P, Permian; C}, Upper Car- 
boniferous; C,, Lower Carboniferous; O,, Middle Ordovician; E, 
Canbrian; E,, Lower Cambrian. Circles and ellipses are the Ags 
or ag, confidence intervals of pole position. The poles used in 
construction of the two APW paths are indicated in Table 1, where 
the relevant statistics are also given. 


characteristic directions. Lower Cambrian sandstones in North 
Korea have a similar direction (NC 57; ref. 11). We therefore 
suggest that this is a Lower Cambrian characteristic direction. 
- The pole positions from the Upper Precambrian Nanfen Forma- 
tion (NC 61-69) are very close to the Lower Cambrian pole 
position, supporting the suggestion that the Nanfen Formation 
“is close to early Cambrian in age. 


Summary of palaeomagnetic results 

The APW paths can be traced back unambiguously to the 
Carboniferous for the SCB and to the Permian for the NCB but 
: the middle Palaeozoic poles require much more work on both 
--blocks. In contrast, the Cambrian poles are well established for 








Fig. 3. Lower to Middle Cambrian reconstruction modified from 
ref. 13. AF, Africa; ANT, Antarctica; AUS, Australia; IN, India; 
K, Kazakhstan; NA, North America; NEU, northern Europe; S, 
Siberia; SA, South America. Note that the NCB and SCB are 
treated as separate blocks. 


each block. Because of the absence of middle Palaeozoic data, 
there is a polarity ambiguity which is resolved by assuming that 
the polar wander between the age of the oldest reliable late 
Palaeozoic results and the Cambrian was less than 90°. 

When compiling the APW paths for the major continental 
blocks, palaeopoles have been selected according to four 
criteria: demagnetization, statistics, the accuracy of ages and 
possible tectonic rotations’. All our results (Table 1) were based 
on either thermal or alternating field demagnetization, or both 
methods. With the exception of SC 061, which has a 95% 
confidence radius of 28.2°, all the results in Table 1 are based 
on palaeopoles having confidence intervals <25°. Most of our 
samples were collected from stratigraphic type sections for 
which there is good fossil control. The ages of the Phanerozoic 
units sampled are usually elucidated at stage level and at least 
to the series (that is, Lower, Middle and Upper) level in terms 
of the geological time-rock units, so that their ages are generally 
known to better than 25 Myr. As we sought to obtain APW paths 
for the cratonic NCB and SCB, we collected neither from fold 
belts nor from tectonically-active areas near the margins of the 
two blocks. These data therefore satisfy standard palaeomag- 
netic criteria (for example, ref. 12). 

In addition, reversal and fold or attitude tests are satisfied by 
some of the sites (Table 1). APW paths for the NCB and the 
SCB therefore should be sufficiently reliable to begin to test 
tectonic hypotheses, although they will be refined by later data. 


Cambrian palaeogeography 


Based on the palaeomagnetic results, we propose that: (1) 
the NCB and SCB were separate in the Cambrian because their 
palaeopoles are quite different; (2) the SCB is placed adjacent 
to northern Australia, occupying an equatorial latitude, whereas 
the NCB is placed near to Tibet, northern India and Iran at 35° 
latitude in the Southern Hemisphere (Fig. 3). Thus both the 
NCB and the SCB were parts of Gondwana, but were separated 
from eath other. 

The proposed position of the SCB has the following merits: 
(1) the strong affinity of the Cambrian trilobites between the 
SCB and Australia is explained réadily'*~'’; (2) the sedimentary 
facies belts in the SCB and Australia match each other, for 
example, the sequence from the west to the east is, first, a clastic 
belt, then the miogeosynclinal facies belt of shallow marine 
carbonate and finally, the eugeosynclinal facies belt of deep- 
marine cherts or flysch facies'*'”"*; (3) the huge phosphorite 
deposits in Yunnan Province and in North Vietnam of early 
Cambrian age and those of middle Cambrian age in Hainan 
Island of the SCB and the Georgina Basin of Australia would 
all have been formed adjacent to each other in Cambrian tropical - 
marine basins; (4) archaeocyathids in the early Cambrian and 
gypsum and salt pseudomorphs in middle and late Cambrian 


































of the and Austra 

low latitudes derived from the palaeomagnetic results. 

The Southern Hemisphere position for the NCB depends on 

_» interpretation of the polarity of its Cambrian pole. Itis supported 

by the distributions of the Cambrian trilobites!’ and early 

Ordovician cephalopods’, as well as the well-documented Cam- 

~ brian evaporite belt from the Arabian Peninsula via Iran, Pakis- 

tan, northern India to North-west and North China??-??, This all 

Suggests that in the early Palaeozoic the North China block was 
close to Tibet, northern India and Iran (see ref. 7). 


Permian reconstruction 


The late Permian palacomagnetic results from the NCB show 
that it was then very close to the equator; the Permian reconstruc- 
tion described here, with the Chinese blocks in Tethys, next to 
northeast Africa and the Arabian Peninsula ( Fig. 4), is different 
< from previous reconstructions??? 

The merits of this new reconstruction are: (1) it satisfies the 
low palaeolatitudes of the Chinese blocks suggested by Permian 
fossils; (2) it explains the Permian flora distribution, for 
example, the four flora provinces of Angara, Eurameria, Gond- 
wana and Cathaysia are all grouped together and at the appropri- 
ate latitude in this reconstruction: (3) it is consistent with the 
tectonic history of the region, for example, the Central Asian 
“fold belt was sutured finally in the late Permian by a process 
which started in the west and propagated eastwards. This is the 
so-called ‘migration of geosyncline’’’, which we interpret as the 
collision of the NCB with the Siberian block starting from 
Northwest China and extending to Northeast China (see ref. 7). 


Assembly of the China blocks 


The Cambrian poles from Shandong and Liaoning provinces of 
North China are different from the Zhejiang, Yunnan and Hubei 
provinces of South China (Table 1), demonstrating that the 
- NCB and SCB were distant from each other. In contrast, the 
© Middle Jurassic pole from Shandong Province of the NCB and 
` those from Zhejiang Province of SE China and Guizhou Prov- 
ince of SW China are statistically indistinguishable, implying 
that the NCB and SCB were assembled as a single unit by the 
middle Jurassic’. 

The Permian results from Shanxi Province show that the NCB 
“had an equatorial latitude in the late Permian. Similarly, the 
late Permian basalt direction in Guizhou Province shows that 
the SCB was also in an equatorial region during that period. 
The relative orientations of the two blocks, however, were quite 
different in the Permian from those at present, suggesting that 
although they were close to each other in the Permian, they 
were not welded into a single tectonic unit. The palaeomagnetic 
results are consistent with the evidence from palaeontology and 
sedimentary facies”. We have no detailed palaeomagnetic 
results from Middle Triassic to Lower Jurassic for either blocks, 
preventing accurate timing of the amalgamation of the NCB 
~-and SCB; analyses of sedimentary facies in the two blocks?’ 
suggests that the amalgamation occurred during the Triassic 
Indosinian orogeny. 


Eastward movement of the SCB 


The palaeomagnetic pole positions from the NCB and SCB are 
displaced to the east of the northern Eurasia path (Fig. 5a). 
Nevertheless, the Mesozoic segments of the APW paths for the 
SCB and northern Eurasia are similar in form. Rotation of the 
former clockwise by 50° about an Euler pole near the present 
north pole brings the two paths into agreement ( Fig. 55). Such 
a rotation brings the SCB westward to the region presently 
occupied by western India and Pakistan, suggesting that relative 
motion of about 4,000 km occurred between the SCB and north- 
ern Eurasia. The SCB is thought to have been pushed eastward 
during the Cenozoic when the Indian plate collided with the 
Eurasian plate in the Eocene and subsequently as it continued 
its northward motion’®*'. Our palaeomagnetic data suggest a 
far larger displacement than the proposed eastward motion, 
which is only several hundred kilometres. 





“are consistent with the tropical and 

















Fig. 4 Permian reconstruction. AM, Asia Minor; E, Europe; I, 
India; T, Tarim; remaining abbreviations as Fig. 3. The grou ing 
of Gondwana and Laurasia is adopted from the Pangaea A***, 
The relative configuration between Gondwana and Laurasia and - 
the positions of the Chinese blocks are based on the Pangaea B®. | 
Note that although the Tarim block may have been accreted already 
to the Kazakhstan block so that they share the same Angara flora, 
the NCB and SCB were still distant from the Siberian block. The 
accretion of the NCB to the Siberian occurred in the late Permian. 


We sought to establish whether the difference between- the’ 
APW paths of South China and northern Eurasia is statistically 
significant. We consider the segments of the two APW paths 
from the Carboniferous to late Cretaceous. The APW path: 
segment for the SCB consists of nine poles, that is poles of K2, 
K1, J3, J2, TR2, P2-TR1, P2, C3 and Cl. They all fall to the 
east of the corresponding poles from northern Eurasia, which 
is highly improbable (1 in 512) if the two groups of poles are 
statistically indistinguishable. The ag; confidence intervals for 
the palaeopoles from both northern Eurasia and South China . 
are for the most part <15°. Using these values, there is overlap 
between the confidence intervals of some of the Mesozoic poles 
of the two paths. Using the standard errors (P = 0.63) of other 
palaeomagnetic workers when comparing APW paths’, 
however, there is no overlap. The two curves are therefore 
Statistically distinguishable. 

The inclination data and the implied palaeolatitudes of the 
SCB show that the observed difference in the northern Eurasia 
and SCB APW paths does not result from a local rotation (Fig. 
6). Assuming no relative motion between the SCB and northern 
Eurasia, the palaeolatitude is significantly lower at Hongzhou 
than that from the northern Eurasia APW path. Thus the differ- 
ence in APW paths cannot be owing to a local rotation, but 
must involve substantial relative motion between the two 
regions. The palaeolatitudes become statistically indistinguish- 
able for westward rotation of the SCB by 45, 50 or 55° about 
an Euler pole close to the north pole with a best fit of 45° for 
the last 75 Myr, whereas a rotation of more than 55° is needed 
to fit the segments before 225 Myr. Therefore, there may have 
been two stages of relative movement between South China and © 
northern Eurasia. 

The amount of relative motion along the boundary between 
two blocks is very dependent on the distance from the Euler 
pole, reaching a maximum when the pole is 90° from the boun- 
dary. Fitting the Mesozoic path segments gives an Euler pole 
at 86.5N31.5E with angle of rotation 50° clockwise and a dis- 
placement of 4,300+ 1,200 km eastward for the SCB path with 
respect to the northern Eurasia path. 

We conclude from the analysis of the APW paths that the 
SCB has moved eastward with respect to northern Eurasia by 
~4,000 km. Two fundamental questions remain: first, as the 
SCB and Siberia are separated presently by 2,500 km, how were 
the 4,000 km of relative motion distributed between the interven- 
ing tectonic units? Second, when did this motion take place? 



























“Jurassic, using the 63% errors of these poles. This suggests that 
a major portion of the relative motion between the SCB and 
northern Eurasia occurred along the Central Asian fold belt 
¿“forming the boundary between the NCB and northern Eurasia. 
This fold belt is the largest in the world; it is aligned approxi- 
"mately east-west and is still active**”’. It has been considered 
© already as a possible plate boundary between the seismically- 
active Chinese blocks and the aseismic northern Eurasia plate”. 
We consider that much of the relative motion, required by the 
APW paths to have occurred between the SCB and northern 
Eurasia, may have been along this Central Asian fold belt. 

It is tempting to assign the relative motion to the Cenozoic 
and to interpret it as a consequence of the Indian-Eurasian 
continental collision. First, a single rotation brings the two 
Mesozoic APW paths into agreement. Second, the relative 
motion suggested by the palaeomagnetic data is just equal to 
the width of the northern India (3,000 km) plus the width of 
the transverse ranges between India and the SCB (1,000 km), 
consistent with a rigid indentor displacing parts of the southern 
boundary of Asia along previously established lines of weakness. 
Our data, however, do not preclude motion between the SCB 
and northern Eurasia during the Mesozoic because of the inher- 
ent limits of the resolution of the palaeomagnetic method. We 
do know that the NCB rotated substantially with respect to both 
Eurasia and the SCB during the Triassic. Our interpretation is 
that relative motion of at least 2,500 km occurred between the 
NCB and northern Eurasia during Cenozoic, possibly along the 
Central Asian fold belt in addition to the southern belts™*. 































































Accretionary history of China 


Our study has revealed a complicated geological history for the 
NCB and SCB. In the Cambrian, both blocks seem to have been 
part of Gondwana, but were separated from each other. The 
SCB had an equatorial palaeolatitude and was near northern 
Australia whereas the NCB was at 35°S, close to Iran, Tibet 
and northern India. During the period from the late Ordovician 
to Carboniferous, Gondwana moved across the South Pole, 
causing an inversion of the latitude zones'**’. The NCB then 
led the SCB in their common northward movement. In the late 
Carboniferous and early Permian, the NCB arrived near the 
palaeoequator; in the Permian, the NCB was in Tethys, next to 
-the Iranian, Turkish and Arabian blocks. The SCB had become 
_ separated from Australia by the Devonian and moved toward 
the NCB. In the late Carboniferous and early Permian, both 
_ blocks were in Tethys with the Indochina block. During the late 
Permian, the NCB started to move northward and collided with 
Siberia along the Central Asian fold belt. It was not until the 
middle Jurassic, however, that the NCB and SCB were welded 
together. Since the beginning of the Cenozoic, when the Indian 
plate moved northward and collided with the Eurasian plate, 
the Chinese blocks have been pushed further eastward. In par- 
` ticular, the SCB has moved eastward with respect to northern 
~ Eurasia. 
The following sequence is suggested: (1) Kazakhstan accreted 
to Siberia at the end of the Carboniferous’; (2) Russia collided 
with Siberia in the early Permian”; (3) the NCB accreted to 
Siberia in the late Permian’; (4) the SCB collided with the NCB 
by the middle Jurassic, possibly during the late Triassic; (5) 
central Iran accreted to Eurasia in the early Cretaceous; (6) 
India collided with Eurasia during the Eocene”; (7) the Arabian 
Peninsula separated from Africa and has moved toward Asia 
since the late Tertiary (15 Myr); (8) 50 Myr in the future, Aus- 
tralia may collide with Eurasia. It thus seems that Asia has 
grown. by accreting fragments from Gondwana. Conversely, 
these fragments have been drifting away from Gondwana for 
the past 250 Myr. This remarkably long history of rifting around 
Africa may result from insulation” beneath the largely stationary 
core of Gondwana, which produces the necessary heat accumu- 
lation to drive the rift systems. 
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Fig. 5 Comparison of the APW paths for northern Eurasia’? 
(dotted line), and for the SCB (solid line). Open circles, pole 
positions at 10 Myr intervals from northern Eurasia; solid circles, 
those from the SCB; numbers, suggested ages of the poles (Myr). 
The ages for the poles of the SCB are underlined. a, The South 
China APW path is displaced to the east with respect to the northern 
Eurasia path. b, A 50° clockwise rotation about an Euler pole near 
the present north pole brings the Mesozoic and late Palaeozoic 
segment of the Chinese path into agreement with that of the 
northern Eurasia path. The same rotation brings the SCB westward 
to a position presently occupied by western India and Pakistan. 
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Fig. 6 Palaeolatitudes of the Hongzhou in the SCB determined from the South China samples (heavy solid curve) and those deduced from 
the northern Eurasia APW path (remaining curves). The uppermost curve shows the palaeolatitudes deduced from the northern Eurasia APW 
path with the SCB at its present position; the rest are those deduced with the SCB rotated westward by 45, 50 and 55°, respectively. 


Conclusions 
Preliminary APW paths for the NCB and SCB provide the 
palaeomagnetic constraints for these blocks in palaeogeographic 
_ feconstructions; the palaeomagnetic results from these blocks 
differ from those of Siberia and Europe and the Chinese APW 
paths are displaced systematically to the east of the northern 
: Eurasia APW path. This eastward shift of the South China APW 
«path suggests that the SCB has moved eastward 4,000 km with 
respect to Siberia, but the details of when and how this motion 
took place are as yet unknown. 
We thank the following organizations for their help in our 
field work: Institute of Geology of Academia Sinica; Institute 
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e 9,213-nucleotide structure of the AIDS/ lymphadenopathy virus has been determined from molecular clones representing 
2 integrated provirus and viral RNA. The sequence reveals that the virus is highly polymorphic and lacks significant 
cleotide homology with type C retroviruses characterized previously. Together with an analysis of the two major viral 
bgenomic RNAs, these studies establish the coding frames for the gag, pol and env genes and predict the expression 
a novel gene at the 3’ end of the genome unrelated to the X genes of HTLV-I and -II. 























































QUIRED immune deficiency syndrome (AIDS) is a novel, 
nsmissible deficiency of cellular immunity characterized by 
portunistic infections and certain malignancies, notably Pneu- 
cystic carinii pneumonia and Kaposi’s sarcoma, in patients 
hout another recognized cause for contracting these rare 
eases'~*. AIDS is manifested by a profound lymphopenia, a 
neralized cutaneous anergy and a markedly reduced prolifera- 
e response to mitogens, antigens and allogeneic cells, seeming 
result from depletion of the OKT4* T-lymphocyte subset’. 
ile humoral immunity is relatively unaffected, there is 
creasing evidence for a hyperactive B-cell proliferative 
ponse which may be related causally to the high incidence 
‘B-lymphoma in AIDS patients”*. In addition to the fully- 
veloped syndrome, an epidemic of a related disease, AIDS- 
ated complex (ARC), has appeared, characterized by general- 
chronic lymphadenopathy. This syndrome shares many of 
epidemiological features and immune abnormalities and 
en precedes the clinical manifestations of AIDS. The pre- 
inant risk groups for AIDS and ARC include homosexually 
jẹ males, intravenous drug abusers, recipients of transfusions 
blood products and the heterosexual partners and children 
igh-risk individuals, suggesting the involvement of an infec- 
s agent transmitted through intimate contact or blood 


cent evidence has implicated strongly a novel lym- 
eytotropic retrovirus as the primary aetiological agent of 
DS and the AIDS-related complex. Lymphadenopathy- 
ciated virus (LAV) was isolated initially from cultured 
ph-node T cells of patients with lymphadenopathy and AIDS 
ell asan AIDS patient and an asymptomatic sibling, both 
ith haemophilia B’~’. A similar virus, designated human T- 
photrophic virus type HI (HTLV-II), has been isolated 
a large number of AIDS and ARC patient blood samples 
cultivation with the permissive T-cell line H9 (refs 10, 11). 
AV and HTLV-II, as well as related retroviruses isolated 
cently from AIDS patients'?'?, share several important 
iaracteristics. Viral replication occurs in the OKT4* T- 
mphocyte population in vivo and in vitro and is associated 
th impaired proliferation and the appearance of cytopathic 
fiects*'®'*. The virus has a Mg”*-dependent reverse transcrip- 
ise, exhibits a dense cylindrical core morphology similar to 
ype D retroviruses®™'™ and is recognized by antibodies found 
sera of virtually all AIDS and ARC patients*!*'°"". 

a first step towards characterizing the molecular biology 
f this virus, we have determined the entire nucleotide sequence 
r one. of the integrated proviruses present in H9/ HTLV-IH 
ls-and for a complete set of overlapping complementary 
JNAs representing the viral RNA of distinguishable isolate(s) 
lso present in H9/HTLV-III cells. Our results establish that 
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LAV/HTLV-IH has no nucleotide homology with previously 
characterized animal and human retroviruses and that different 
virus isolates display significant genetic heterogeneity. Together 
with transcriptional mapping data, these studies provide a 
detailed picture of the structure and processing of the gag, pol 
and env gene products, provide evidence for a novel gene in 
the 3’ region of HTLV-II and predict a further gene product 
in the region between the pol and env genes. 


Isolation of cDNA and provirus clones 


Molecular clones of HTLV-III were identified initially from 
cDNA libraries representing cellular RNA of productively in- 
fected H9/HTLV-III cells, established by Popovic et al.'°. The 
H9 human T-cell line is permissive for the continuous production 
of high titres of HTLV-III isolated from the cultured lym- 
phocytes of AIDS and ARC patients and is significantly resistant 
to the cytopathic effects of these viruses. The virus produced by 
H9/HTLV-III retains its cytopathic activity against fresh normal 
human lymphocytes'®. Total poly(A)" RNA was prepared from 
H9/HTLV-III cells infected with pooled material from several 
different AIDS patients’? and used to construct an oligo(dT)- 
primed cDNA library in the vector Agtl0. 

The strategy used to identify clones containing HTLV-H] 
sequences was based on differential hybridization with cDNA 
probes prepared from poly(A)” RNA of H9/HTLV-III cells and 
the uninfected CEM human T-lymphoblastoid cell line; ~0.2% 
of the clones in this library contained inserts hybridizing specifi- 
cally with the H9/HTLV-III cDNA probe. Six of these clones 
were purified and their DNA inserts used as probes to classify 
50 additional H9/ HTLV-II 1-specific clones. Two distinct classes 
of clones were identified on the basis of their pattern of hybridiz- 
ation; furthermore, weak hybridization was detectable between 
the two different classes. Inserts from one clone of each 
H9/HTLV-Iil-specific class (H9c.7 and H9c.53) were subcloned 
into phage M13 vectors and their sequences determined by the 
dideoxy-chain terminator method. Significantly, a 76-nucleotide 
sequence was shared by the 5’ end of H9c.7 and the 3’ end of 
H9c.53, accounting for hybridization between the two classes. 
The 3’ point of divergence of this 76-nucleotide sequence was 
marked by a polyadenylate tract in H9c.53, as expected for an 
RNA polymerase II transcript. The congruence exhibited by the 
opposite ends of these clones was very like the terminal redun- 
dancy of the viral genome of retroviruses", suggesting that 
clones H9c.7 and H9c.53 represented the 5’ and 3’ regions, 
respectively, of HTLV-II (Fig. 1). 

The identity of H9c.7 and H9c.53. was confirmed by blot 
hybridization analysis of H9/ HTLV-II and normal human lym- 
phocyte genomic DNA restriction digests. Sequences hybridiz- 
ing with H9c.7 and H9c.53 were found only in DNA from 
infected cells, demonstrating their exogenous viral origin (Fig. 
2A). To determine whether related sequences are associated 











lap of LAV/HTLV-ILI proviral and cDN . Pro- 
oN quences (bold line), flanking cellular DNA (thin line), LTR 
“regions (boxed areas) and restriction endonuclease sites are indi- 
-cated at top. Sequences are numbered from the start of viral 
transcription. cDNAs representing the full-length viral RNA 
(shown immediately below the provirus) and spliced. subgenomic 
: RNAs (at bottom of figure) are shown with the respective clone 
designation to the right of its map (H9pv, proviral A clone; H9c, 
viral cDNA clone). The horizontal bars labelled A, B, C and D 
refer to fragments used as probes for the identification of spliced 
cDNA clones. The arrowhead at nucleotides 7,687-7,702 denotes 
the 16-mer primer, 3'-CTCTGTCCCACTCCAT, used to prime 

cDNA synthesis of clone H9c.195. 
Methods. Viral cDNA clones were isolated from a cDNA library 
prepared from H9/HTLV-III poly(A)* RNA. Double-stranded 
cDNA was synthesized as described elsewhere% and synthetic 
EcoRI adaptors were added”. After the removal of excess adaptor, 
insertion into Agtl0** and in vitro packa ing, the recombinant 
phage were plated at a density of ~5x10° plaques per 150-mm 
plate. Replica nitrocellulose filters were made from the plates*® 
and the library probed with the product of uniformly °?P-labelled 
first-strand cDNA prepared as described above from poly(A)* 
RNA from either H9/HTLV-III cells-or the uninfected human 
T-cell line CEM®. The filters were hybridized at 42 °C in a solution 
containing §XSSC, 50mM sodium phosphate (pH 6.8), 0.1% 
sodium pyrophosphate, $x Denhardt’s solution, 0.04 g 17! soni- 
cated salmon sperm DNA, 50% formamide and 10% dextran 
sulphate and washed at the same temperature in 0.2 x SSC, 0.1% 
SDS. Plaques hybridizing specifically with the H9/ HTLV-II probe 
were plaque purified and their DNA prepared for further analysis. 
To isolate clones comprising the remainder of the viral RNA 
genome, a synthetic oligodeoxynucleotide positioned near the 5’ 
end of clone H9c.53 was used to prime specifically cDNA synthesis. 
One clone obtained from the resulting cDNA library, H9c.195, 
extended for 3.2 kb beyond the primer location but did not overlap 
into the region represented by H9c.7. Rescreening of the library 
with the H9c.195 insert allowed the recovery of a 3.5-kb clone, 
H9c.236, which covered the remaining viral sequences. To isolate 
clones containing the complete integrated provirus, Xbal-digested 
H9/HTLV-II] genomic DNA was fractionated on sucrose 
gradients and the resulting 10-20-kb fragments were inserted into 
the XbaI cloning site of the bacteriophage A vector Ji (ref. 57). 
Twenty-six clones containing an integrated provirus were recovered 
ftom ~1x10° recombinants screened with clones H9c.7 and 

; H9c.53. 













with LAV infection, total DNA isolated from peripheral blood 
lymphocytes acutely infected with LAV was hybridized with 
H9c.7 and H9c.53 under stringent conditions. Fragments of 
similar sizes were detected in HindIII, BglII and Sstl digests 
of DNA from H9/HTLV-III and LAV-infected cells (Fig. 2A). 
This result demonstrates clearly that HTLV-II and LAV corre- 
spond to the same or very closely related viruses. By contrast, 
H9c.7 and H9c.53 did not hybridize to cloned HTLV-I or HTLV- 
I provirus sequences, even in conditions of low stringency (data 
not shown). Significantly, the level of hybridization detected 
with DNA from LAV-infected lymphocytes was at least 20-fold 
-greater than that with H9/HTLV-III DNA (Fig. 2A). Most of 
the hybridization observed with LAV-infected cell DNA 
migrates as a 9.5-kilobase (kb) species in Xbal digests (Fig. 2A, 
lane h) or with undigested DNA (data not shown), suggesting 
that this represented linear unintegrated viral DNA. By contrast, 
little unintegrated DNA was. detected with H9/HTLV-III; 
instead, most of the DNA in the Xbal digest appeared in five 
or more discrete species of integrated proviruses 15-20 kb in 
size (Fig. 2A, lane g). Dot-blot hybridizations confirmed the 
presence of 5-10 copies of proviral DNA in H9/HTLV-ILI cells 
(data not shown). As no more than 5% of cells treated with 
LAV seemed to be infected by the virus by indirect immuno- 
fluorescence of viral antigens (data not shown), there thus 
seemed to be several hundred copies of unintegrated DNA 
present per LAV-infected cell. 
Clones comprising the remainder of the viral RNA genome 
(H9¢.236, H9c.195) were identified in a second cDNA library 
prepared with a specific primer (see Fig. 1). The regions rep- 
resented by these four overlapping cDNA clones and their 
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restriction maps are shown in Fig. 1. The size predicted for the 
full-length viral RNA genome, 9.2 kb, is consistent with the. 
largest species observed. by blot analysis of H9/HTLV-III 
poly(A)*RNA (Fig. 2B). Given the possibility that the cDNA 
clones isolated might reflect RNA splicing events leading to the 
removal. of small introns and therefore do not represent the: 
entire viral genome, it was necessary to isolate molecular clones-: 








Fig.2 Blot hybridization analysis of DNA and RNA from HTLV- 
HI- and LAV-infected cells. A, Genomic DNA was isolated from 
the H9/HTLV-IH cell line, acutely LAV-infected peripheral lym- 
phocytes or normal blood leukocytes. Each (5 pg) was digested 
with the indicated restriction endonuclease, electrophoresed on a 
1% agarose gel and transferred to nitrocellulose®*. The blot was 
hybridized with **P-labelled probes*’ A, B and D (see Fig. 1) of 
equal specific activity using the hybridization and washing condi- 
tions described in Fig. 1 legend. The fragments obtained from 
HindIII digestion of A DNA and HaelIII digestion of ®X174 were 
used as relative molecular mass markers; these sizes are shown in 
kilobase pairs (kb) on the right. Lanes a, d, g, j, HTLV-IH-infected 
H9 DNA; lanes b, e, h, k, LAV-infected lymphocyte DNA; lanes 
c f, i, l, normal leukocyte DNA. DNA in lanes a-c was digested 
with Hindili: d-f, Bglll; g-i, Xbal; j-l, Sstl. B, 1 pg poly(A)* 
RNA from either HTLV-II]-infected H9 cells (a), or non-infected 
H9 cells (6) was electrophoresed on a 1% formaldehyde/agarose 
gel, transferred to nitrocellulose and hybridized to 2p. labelled 
probe D (see Fig. 1) in hybridization and washing conditions 
identical to those in Fig. 1 legend. The size of each predominant 
RNA species was estimated from migration of single-stranded 
DNA markers and is indicated on the right. 


of the integrated provirus. A library of size-enriched DNA was 
constructed to isolate proviral clones taking advantage of 
absence of Xbal sites in the provirus apparent from both the 
Southern blot results (Fig. 2A) and the map of the cDNA clones 
(Fig. 1). The restriction map of the integrated provirus clone 
selected for sequence analysis, H9pv.22, showing the proviral 
and adjoining cellular sequences is presented in Fig. 1. 


Nucleotide sequence analysis 


: The complete DNA sequence of the integrated provirus is 
presented in Fig. 3 and compared with that determined for the 
four overlapping cDNA clones. The co-linearity of these 
sequences confirms that the cDNA clones isolated represent the 
unspliced viral genomic RNA. A significant degree of nucleotide 
heterogeneity is displayed by the proviral and cDNA sequences. 
Similarly, nucleotide differences are evident in the overlap 
regions between cDNA clones. This genomic diversity probably 
reflects the observation that the H9/HTLV-III cell line studied 
< here was established by infection with material from several 
AIDS patients'®. Together with the blot hybridization data 
indicating the presence of about five intact provirus copies (Fig. 
2A, lane g), these results suggest that two or more distinct virus 
= isolates are integrated. stably in the H9/HTLV-III cell line. 
Despite 68 nucleotide differences between the provirus and 
cDNA sequences, a consistent structure nevertheless emerges 
for the coding potential of the virus. 

The long terminal repeats (LTRs) of the provirus exhibit the 
structural features common to all retroviral LTRs which reflect 
the manner of viral replication and are essential to the mode of 
entry of the virus into the host genome and recognition by the 
cellular transcriptional apparatus’. The unique 5’ (U5) and 3' 
(U3) regions are bordered by sequences complementary to the 










Fig. 3 (Right) Complete nucleotide sequence of the HTLV- 
IH/LAV provirus genome. The sequence shown represents the 
coding strand, comprising 9,213 bp extending from the RNA cap 
site to the polyadenylation site. The following features of the DNA 
sequence are indicated: the U5, R and U3 regions; splice acceptors 
(*) and splice donors (°); the inverted repeat located at the S’ 
end of U3 and the 3’ end of US (IR); the tRNA’ primer binding 
site (PBS) and the (+)-strand initiation site (+). The polyadenyla- 
tion signal (AATAAA) and Goldberg-Hogness sequence 
(TATAAG) are boxed. Deduced amino acid sequences of gag, pol, 
P‘, env, and E’ are shown above the DNA. The NH,-terminus of 
p24" and that predicted for gp65°° and gp41°" (see text) are 
indicated. Nucleotide variations between cDNA and proviral iso- 
lates are below the line, and the resulting amino acid differences 
are above. The three nucleotides (TAA) indicated below the line 
at position 56-62 represent an insertion in the cDNA sequence. 

Methods. cDNA inserts were mapped with restriction endonu- 
cleases, fragments isolated and cloned into M13 vectors®!. Single- 
stranded template was-isolated and the sequence determined using 
the chain termination method®’. Additional fragments were 
sequenced to determine the overlap junctions. Using the completed 
cDNA sequence, overlapping fragments of ~ 800-1 ,000 nucleotides 
were isolated from the provirus clone H9pv.22 for comparative 

sequence analysis. 


primers which copy the terminally redundant sequences (R) of 
the viral RNA to accomplish the series of intermolecular strand 
exchanges responsible for viral (—)- and (+)-strand DNA syn- 
thesis. These borders correspond to the ends of the resulting 
linear duplex molecule from which, in all cases so far examined, 
two base pairs (bp) are lost on insertion of the provirus into 
cellular DNA”. Based on this premise, the 5’ end of U3 (nucleo- 
tide 8,662) and the 3' end of U5 (nucleotide 182) were identified 
from the sequence of the virus-cell DNA junctions in the 
H9pv.22 provirus clone (see Fig. 1). As predicted, a 23-bp 
sequence 3’ to the US boundary is complementary to a potential 
primer for (—)-strand synthesis, transfer RNA” the same primer 
used by the mouse mammary tumour virus (MMTV)”*, whereas 
that 5’ to the boundary U3 consists of a stretch of 15 purines, 
the sequence found generally at the site of (+)-strand chain 
initiation”. 

In accord with the general retroviral paradigm, the integration 
event represented by the H9pv.22 clone reflects a duplication 
of host sequences at the insertion site; a short inverted repeat 
is found at the ends of the viral LTR. The virus-cell DNA 
junction sequence, TGTAGTGGGTG...CAGTGGGTGAT 
(viral sequences underlined), indicates a 5-bp duplication 
(GTGGG) of cellular DNA and an inverted repeat of 4bp 
(ACTG. ..CAGT), two nucleotides of which are lost on inser- 
tion. In agreement with the general finding that the size of the 
duplication resulting from integration is a property of the virus 
and not the host cell, it is interesting that integration of HTLV-I, 
which shares OKT4 tropism with LAV/HTLV-III, results in a 
direct repeat of 6 bp of cellular DNA”. 

The 3’ end of the viral RNA (Fig. 3) corresponds to the site 
of poly(A) addition in the H9c.53 cDNA clone and is 18 nucleo- 
tides from the polyadenylation signal, AATAAA**. The 5’ end 
of the viral RNA was mapped by in vitro extension of a synthetic 
DNA primer complementary to sequences in US. As shown in 
Fig. 4, most of the RNA is initiated at the G residue indicated 
as position 1 (Fig. 3), although heterogeneity of two or three 
nucleotides is observed. Based on these results, the sizes of the 
U3, R and U5 regions are 456, 96 and 86 nucleotides, respec- 
tively. The RNA initiation site is located 23 nucleotides from 
the sequence TATAAG, which conforms to the consensus 
Goldberg- Hogness box found characteristically in this distance 
and implicated in the positioning of eukaryotic transcription 
initiation sites”. A direct repeat of 10 bp is found 54 nucleotides 
5' to this sequence (nucleotides 9,013-9,022; 9,027-9,036). 


The gag gene encodes p24 


The gag reading frame indicated by the provirus sequence 
extends from nucleotides 336-1,769 and, by analogy to other 
retroviruses, is expected to code for a precursor polypeptide 
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y AGTETETSOGCGTCTOTTSJSTGACTCTEGUARCTAGAOATCCCTCAGACCCTTTTAGTEAGTGTGGAMAATCTCT AGAR CCOMCAGGGACT 
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PROPR TREMETGLYT VAGLULEUHI SPROASPL YSTAPTHRVAL GLAPRO ÍL EVAL LEUPROGL UL YSASPSER Tap THAVAL ASHASP ILE 
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Leulieat age J Batt Yom nG, vG uG via Tae Tun TyaGEN ILE TYRGI NGG UPROPHEL Y shew ULYSTHRGL Yt YSTYRAL AARGMET 
ACTTRATACCAGRAATACA »AAGCADGGGCAAGSCCARTQGACATATCARATTTATCAAGAGCCATT ARABATC TGRAAACRGEARAATAT RAGAAT 
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Lys 
LeuTee Tye Gt wLeuGt ut vSGLUPRO Ti € VAL Gt YAL AGL UTHRPHE TYRVAL ASG: VAL AAL AASRARGGL UTHRARGL EUGLYLYSALAGL YTYR 
340) AAC SAYEGTACCHO AGRE RAC ECA ASTAGEAGEAGAAACT ETAT ATG CAE TARERESCARAC agATHAGRAAAACCAGRATA 
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Fig. 4 Determination of the initiation site of viral transcription. 
Autoradiograph of a 5% polyacrylamide, 8 M urea gel. GATC, a 
DNA sequence ladder corresponding to the region surrounding 
the U3/R junction of tne 5’ LTR. Results of primer extension 
reactions are shown using as template poly(A)* RNA prepared 
from HTLV-III-infected (a) or uninfected (b) H9 cells. 

Methods. A synthetic 16-mer complementary to the sense (+)- 
strand in U5 (position 129-144, see Fig. 3) was annealed to a phage 
M13 single-stranded template containing a portion of the (+)- 
strand corresponding to U5, R and part of U3. The primer was 
extended by incubation at 37°C for 30min in the presence of 
[a P]dCTP, [œ> P]dATP, dTTP, dGTP and DNA polymerase I 
(Klenow fragment). The product was digested with HindIH, heated 
at 100°C for 5 min and fractionated on a 6% polyacrylamide gel. 
The labelled, 63-base-long, single-stranded fragment extending 
from position 144 to the HindIII cleavage site at position 81 was 
recovered; ~5 x 10° c.p.m. °P was annealed to 7.5 pg poly(A)* 
RNA in 80% formamide, 0.4M NaCl, 40mM PIPES (pH 6.5), 
1 mM EDTA at 52°C for 3h. After primer extension with avian 
myeloblastosis virus reverse transcriptase, the sample was treated 
with 100mM NaOH at 70°C for 45 min and loaded onto a 5% 
polyacrylamide, 8 M urea gel. The DNA sequence used as marker 
was generated by using the above 16-mer as the primer in dideoxy 
method sequencing reactions on the same M13 template used to 
prepare the 63-bp fragment, therefore the primer extension prod- 

ucts co-migrate with the corresponding nucleotide sequence. 


which is post-translationally cleaved to give the internal struc- 
tural proteins of the virus. Translation of this reading frame 
begins at the 5’-proximal ATG triplet of the viral genomic RNA 
and would lead to the synthesis of a 478 amino acid polypeptide 
consistent with the relative molecular mass (M,) 53-55,000 of 
the gag-encoded polyprotein (Pr54®**) detected recently in 
H9/HTLV-III cells”. A good candidate for the major virion 
core protein encoded by this precursor is a 24,000 M, virus- 
associated protein (p24) recognized by sera from AIDS and 
ARC patients’-*!*-!° (see Fig. 6). Recently, the N-terminal amino 
acid sequence of p24 has been determined (J. Bell and C.V.B., 
unpublished observations) and the 17-residue sequence 


with the proline residue found at position 732 (Fig. 3). 






ined for the purified protein matches exactly that beginning. 


The p24% N-terminal cleavage thus identified predicts a 132 
amino acid protein from the N-terminus of the gag-encoded 
polyprotein, containing a single potential asparagine-linked N- 
glycosylation site. Interestingly, this cleavage recognition site 
(the aromatic amino acid proline) is analogous to that found 
in the precursor for Moloney murine leukaemia virus (Mo- 
MuLV)*', suggesting that processing occurs by a viral or cellular 
protease with similar specificity. 

Although the proteolytic cleavage responsible for generating 
the C-terminus of p24®* has not yet been defined, the presence 
of ~130 amino acids beyond the sequence sufficient to encode 
p24®8 indicates that a third protein is encoded by Prs4**. A 
direct repeat of 36 nucleotides resulting in a C-terminal duplica- 
tion of 11 amino acids (positions 1,676-1,747) is obvious in this 
region. The sequence of this protein shows significant conserva- 
tion of cysteine residues with p12"°* of Rous Sarcoma Virus 
(RSV), p118 of HTLV-I and p10®* of Mo-MuLV7"?'*?_ Com- 
mon to each protein are three cysteine residues separated by 
two and nine amino acids, respectively; this structure is found 
twice in the HTLV-II, RSV and HTLV-I proteins and once in 
Mo-MuLV. The p12"** of RSV, a protein rich in basic residues, 
is the major component of the virion ribonucleoprotein complex, 
binding nonspecifically to many sites on the viral RNA***. 
Similarly, the HTLV-III protein is highly basic, containing 23 
lysine and arginine residues. These striking similarities between 
otherwise highly-diverged proteins suggests that this C-terminal 
gag-encoded protein constitutes the core ribonucleoprotein. 


The pol region 

The product of the pol gene is encoded by the second large 
reading frame of the virus located between nucleotides 1,639- 
4,674. The predicted amino acid sequence shows significant 
homology to the pol gene products of RSV, HTLV-I, and Mo- 
MuLV (~20-30%)?""'"?| confirming the assignment of this 
reading frame to the pol gene. Despite the conservation of amino 
acid structure, however, there is no significant corresponding 
nucleotide homology with RSV, HTLV-I or Mo-MuLV, in con- 
trast to earlier reports demonstrating cross-hybridization 
between HTLV-II and HTLV-I in this region****. The reverse 
transcriptase of several avian and mammalian retroviruses is 
translated initially as a gag-pol-encoded polyprotein, an event 
for which either the suppression of an in-frame amber codon 
(Mo-MuLyV) or the removal of a short interval by RNA splicing 
(RSV) has been suggested as a mechanism for joining the reading 
frames of the gag and pol genes*'”’. The gag and pol genes of 
HTLV-II are also situated in different reading frames (Fig. 3), 
suggesting a similar requirement for splicing as a mechanism 
of pol expression. The first ATG codon encountered in the pol 
gene is at position 1,939; however, the potential reading frame 
begins at position 1,639, overlapping the gag gene by 130 nucleo- 
tides. Thus, the possibility exists for shared amino acid sequen- 
ces between the C-terminus of the gag-encoded ribonu- 
cleoprotein and the N-terminus of reverse transcriptase. 

There exists a third reading frame, designated P', between 
nucleotides 4,589-5,197, containing ATG triplets at positions 
4,622, 4,643, 4,667 and 4,796 and could thus encode a protein 
of ~192 amino acids. The potential for generating spliced tran- 
scripts containing P’ sequences suggests that this reading frame 
is used (see below). Beyond P’ there is an intercistronic region 
of 602 nucleotides with frequent stop codons in all three reading 
frames. This contrasts with the compact organization of Mo- 
MuLV and HTLV-I that have overlapping pol and env genes”?! 


The env gene 


The primary translation product of the env gene of retroviruses 
is a large glycosylated precursor synthesized on the rough endo- 
plasmic reticulum, which is processed to produce a larger N- 
terminal glycoprotein bearing the host range determinants and 
a smaller hydrophobic protein serving as the membrane anchor 
by virtue of a transmembrane domain. The env gene product 














Fig. 5 Hydropathy plot for the env 
gene product. Hydrophobic areas 
appear above the midline, and 
hydrophilic areas below. Potential 
sites of asparagine-linked glycosyla- 
tion are indicated by vertical lines 
below the plot. The NH,-termini of 
the putative mature gp65°°” and 
gp4i°" are indicated. The region 
corresponding to gp65°°" spans 
~480 amino acids beginning after a 
hydrophobic leader and extending to 
the conserved processing site Arg-N- 
(Arg/Lys)-Arg which marks the 
NH,-terminus of gp4i%’. The 
gp41°™ region consists of 345 amino 
acids containing two extended 
hydrophobic domains. Hydropathy 
was calculated by the method of Kyte 
and Doolittle® for each overlapping 

segment of 15 amino acids. | ! nw a 
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of HTLV-III is encoded by the large open reading frame at 
nucleotides 5,782-8,370. Analysis of a cDNA clone representing 
the env mRNA (see below) suggests that translation of the env 
region is initiated at the ATG codon located near the beginning 
of this reading frame at position 5,803. This assignment predicts 
the synthesis of an 856-residue envelope precursor protein con- 
taining 30 potential sites of asparagine glycosylation located 
principally in the first half of the molecule (Fig. 5). Taking into 
account the addition of carbohydrate, the predicted size of the 
env precursor approximates gp120, a 120,000 M, glycoprotein 
detected recently in intracellularly labelled H9/HTLV-III 
cells”. 

Although N-terminal sequence information is presently un- 
available for the envelope proteins of HTLV-III and there is no 
discernible amino acid homology with the env gene products of 
RSV, Mo-MuLV, HTLV-I or MMTV?” ?"3237 certain features 
_ of the sequence allow the prediction of the processing of the 
precursor molecule. Three stretches of hydrophobic and non- 
polar residues are present at positions 5,851-5,886 (12 residues), 
7,336-7,419 (28 residues) and 7,852-7,917 (22 residues) (Fig. 
5). The first stretch is located at the N-terminus of the precursor 
and is flanked by charged residues, suggesting a role as the 
signal sequence responsible for directing the protein to the cell 
surface”. The size and position of the other two hydrophobic 
regions suggest that they are located in the transmembrane 
protein of the HTLV-III envelope. The transmembrane envelope 
proteins of RSV, Mo-MuLV, MMTV and HTLV-I similarly 
display two hydrophobic stretches of 20-30 amino acids separ- 
ated by ~ 150-200 residues””*' 323”, In each case, maturation of 
the envelope polyprotein involves cleavage after a conserved 
sequence of basic residues, Arg-N-(Arg/Lys)-Arg, immediately 
preceding the first hydrophobic stretch. The presence of this 
sequence at the corresponding position of the HTLV-III env 
gene product suggests that gp120°"" is cleaved into a N-terminal 
protein of ~480 amino acids and a transmembrane protein of 
345 amino acids with 24 and 6 potential asparagine-linked 
glycosylation sites, respectively (Fig. 5). 

This assignment for the major envelope glycoprotein and 
transmembrane protein is supported by serological evidence. 
We analysed HTLV-II virion proteins by immunoblotting with 
antisera from individuals infected with the virus. With exten- 
sively diluted sera from infected individuals, we detect a pre- 
dominant specis of M, 65,000 in addition to p24®8 (Fig. 6A- 
: E), which does not react with undiluted sera from normal 
individuals (Fig. 6F) suggesting that p65, like p24®**, is a major 
structural constituent of the virion. The size of p65 is consistent 
with the predicted size of the major envelope glycoprotein. 





800 857 
env residue number ae 
Previous studies have indicated the presence of a p65 in HTLV- 
II virion preparations and in H9/HTLV-III cells'*!®, but 
have consistently detected far greater amounts of a 41,000 M, 
glycoprotein'®'” (also detected by the sera analysed in Fig. 6). 
In light of the present evidence, it seems that gp41 may represent 
the transmembrane protein rather than the major glycoprotein. 
The apparent difference in the ability of patient sera to detect 
p65 rather than gp41 in these studies may reflect the method of 
virus preparation. ae 

Beyond the env gene there is a fifth open reading frame; 
designated E’, between nucleotides 8,347-8,992, extending into” 
the U3 region of LTR. This novel reading frame can encode a 
protein of 206 amino acid residues, beginning at the ATG triplet 
at nucleotide 8,370, which is unrelated to the X genes of HTLV-I 
or HTLV-II (refs 27, 40, 41). 


Transcription analysis 


The synthesis of proteins encoded at internal sites in the retro- 
viral genome is accomplished by two mechanisms; the post- _ 
translational cleavage of polyprotein precursors and for genes 
located in the 3’ half of the genome (the env gene and transform- 
ing genes of several acute transforming viruses), by the 
expression of spliced subgenomic messenger RNAs. Northern | 
analysis of H9/HTLV-III RNA revealed three prevalent viral ; 
specific RNAs of 9.3, 4.3 and 1.8 kb (Fig. 2B), suggesting the 
expression of three major virus-encoded primary translation. 
products. To determine whether the 4.3- and 1.8-kb subgenomic 
RNAs could account for the synthesis of the HTLV-III env and 
E’ gene products, viral transcription was analysed with hybridiz- 
ation probes specific for the detection of cDNA clones represent- 
ing spliced transcripts. Evidence from several retroviruses indi- 
cates that sequences from the 5’ end of the viral genome are © 
found in each of the major viral RNAs“*“*. Therefore, we sought 
cDNA clones that would hybridize to probes derived from the 
5’ end of the virus (probe A) as well as the env (probes C, D) 
or E' regions (probe D), but not with sequences corresponding 
to the gag-pol region (probe B) (Fig. 1). 

This screening strategy allowed the identification of two dis- 
tinct classes of subgenomic mRNA clones. The structures of 
these transcripts (obtained by DNA sequence analysis) are 
presented in Fig. 1. The first class of spliced mRNAs, typified 
by clone H9c.253, is comparable to the RNA species encoding 
the envelope proteins of other retroviruses**. Transcription of 
this class of mRNA is initiated in the 5’ LTR, probably extends 
to the polyadenylation site in the 3’ LTR and reflects the removal ` 
of a large intron between nucleotides 289-5,359 containing the 





> Fig. Immunoblot detection ‘of A 
viral antigens. Virion-specific pro- 
teins were detected by sera from two 
healthy homosexual men (A, D), 
plasma from two other healthy 
homosexual men (B, C), serum from 
a sexual partner of an AIDS patient 
(E), but not by undiluted serum from 
a healthy control individual (F). 
Serum samples were undiluted (a), 
diluted 1:10 (b), 1:20 (c), 1:40 (d), 
1:80 (e), 1:160 (f), 1:320 (g). At 
the highest sample dilutions, only 
p24 and p65 are detectable. 
Methods. HTLV-HI-infected H9 
cells were grown in RPMI 1640 
supplemented with 5% fetal bovine 
serum. Virus particles were concen- 
trated from culture fluids by ultra- 
filtration and purified by banding on 
a 20-60% sucrose gradient in an 
SW 27 rotor centrifuged for 16h at 
27,000 r.p.m. Fractions between 30- 
40% were diluted and the viral par- 
ticles pelleted by ultracentrifugation. 
Viral proteins were separated on a 


18-4K— 


gag, pol and P’ genes. The size predicted for this RNA, 4,144 
nucleotides plus poly(A), corresponds to the 4.3-kb species 
detected by Northern analysis (Fig. 2B). The putative env initi- 
ation codon is preceded by three ATG triplets at positions 5,412, 
-5,551 and 5,643; however, each is followed by a nearby in-frame 
“stop codon located 216, 81 and 243 nucleotides 3’, respectively. 
The selection of an ATG codon other than the most 5’ proximal 
ATG triplet for translation initiation has been previously noted 
for gag and env expression in Mo-MuLV and RSV*!?. 

The second class of spliced mRNAs identified hybridized with 
probe D but not probe C, indicating that they did not contain 
most of the env gene. This class of mRNAs reflected a variety 
of splicing events, involving the removal of two or more introns 
(Fig. 1) with the generation of an RNA species similar in size 
(~1.8 kb) to the smaller subgenomic RNA seen by blot analysis 
(Fig. 2B). Each member of this class was formed from the 5’ 
leader (exon 1) and sequences corresponding to the first 268 
nucleotides of env leader (exon 4). In every case, the latter 
sequences were joined directly to the splice acceptor at position 
7,957 in the C-terminal coding region of env (exon 7). In 
addition, several clones possessed an additional untranslated 
leader exon of 50 nucleotides (exon 2) (H9c.181, H9c.183) or 
74 nucleotides (exon 3) (H9c.176, H9c.177) derived from the 
pol and P' regions, respectively. Table | summarizes the size 
and location of each exon and compares their donor and accep- 
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12% SDS-polyacrylamide gel and transferred to nitrocellulose. The blot was cut into strips and incubated overnight at 25 °C with the patient 
sample. After washing, virus-specific protein bands were visualized by incubation with biotinylated goat anti-human IgG and subsequent 
incubation with avidin-horseradish peroxidase. M, standards of 68, 43, 25 and 18.4 (x10°) are shown. 


tor sequences. As a consequence of the splicing event which 
deletes most of the env gene, the ATG triplet at position 5,643 
is removed whereas the distance between the ATG triplets at 
positions 5,412 and 5,551 and the next in-frame stop codons 
increases to 258 and 348 nucleotides, respectively. Neither of 
these reading frames connects with the sequences that encode 
the C-terminus of the env polyprotein. One of the clones 
(H9c.176) uses an alternative splice acceptor in exon 4, resulting 
in the juxtaposition of exon 2 with the last 69 nucleotides of 
the env leader (exon 5) and the removal of the ATG codons at 
5,412 and 5,551. Significantly, the members of this diverse class 
of spliced RNAs are all related by their ability to direct the 
synthesis of the putative E’ gene product. 


Discussion 


Although a definitive interpretation of the HTLV-II sequence 
awaits the demonstration of biological activity for our virus 
clones, the concordance of provirus and cDNA sequences corre- 
sponding to apparently distinct virus isolates suggests that they 
portray accurately the structural features of the viral genome. 
Despite a gene organization in many aspects similar to other 
retroviruses, the HTLV-II] genome seems to be entirely unre- 
lated by nucleotide homology to previously characterized retro- 
viral sequences??? including HTLV-I and HTLV-II which 
display a similar tropism for the OKT4* T-cell subset**. The 
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Table 1 Summary of LAV/HTLY-III exon and splice junctions 
Length 

Exon Location (nucleotides) Splice acceptor Splice donor 
I 1-289 289 = vee GACTGIGTGAGTAC 
2 4,494-4,543 50 TTTCGGGTTTATTACAG|GGA ... GAAAG [GT GAAGGG 
3 4,971-5,044 74 CTTIGACTGTTTITCAG|ACT ... ACAAG|GTAGGATC 
4 5,359-5,626 268 TGTTTATCCATTTTCAG] AAT ... AAGCA|GTAAGTAG 
5 5,558-5,626 69 GGCATCTCCTATGGCAG| GAA ... AAGCA | GTAAGTAG 
6 5,359-9,213 3,855 TGTTTATCCATTTTCAGIAAT ... = 

7 7,957-9,213 1,257 CACCATTATCGTTICAGLACC ... L 








Each row lists the known exons (see Fig. 7), the nucleotide positions comprising each exon (see Fig. 3), and total exon length. The DNA sequence 
“adjacent to the 5’ (acceptor) and 3’ (donor) borders at each exon are also shown. Intron sequences are to the left of the vertical line in the acceptor 
< column, and to the right of the vertical line in the donor column. These sequences were obtained by comparison of the complete proviral sequence 
with those of several cloned cDNAs representing spliced subgenomic mRNAs, shown in Fig. 1. 
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Fig. 7 Summary of viral gene organization and expression. a, 
Translational reading frames for the viral genes are indicated below 
a representation of the integrated proviral genome. Vertical marks 
above the line denote the location of micleotide differences between 
the proviral (H9pv.22) and cDNA clones (H9c.7, H9c.236, 
H9c,195, H9c.53; vertical marks below the line indicate the resulting 
amino acid substitutions. b, Synthesis and subsequent processing 
of the gag precursor from full-length viral RNA. c, Hypothetical 
splicing pathway similar to that proposed for RSV?? which would 
allow for synthesis of a gag-pol fusion protein. d, Synthesis and 
processing of the env polyprotein from the 4.3-kb spliced, sub- 
genomic mRNA. e, Predicted synthesis of E’ gene product from 
the 1.8-kb class of spliced, subgenomic mRNAs. f, Hypothetical 
subgenomic RNA joining the 5’ leader with exon 2 without sub- 
sequent splicing that could encode the predicted P’ gene product. 


most significant protein homology detected between the gene 
products of HTLV-II and other retroviruses is in the pol gene 
(~20-30% ); however, a corresponding degree of nucleotide 
relatedness is not found, which is inconsistent with reports of 
homology to HTLV-I in the gag-pol region based on hybridiz- 
ation data****. These results and the observation that the virus 
is morphologically distinct from the type C viruses®!?-' lead us 
to propose that LAV/HTLV-IH] is a member of a novel class of 
retroviruses, perhaps including the equine infectious anaemia 
virus, which has a similar morphology and a serologically- 
related major core proteinë. 

Figure 7 summarizes the gene organization, transcriptional 
processing and polyprotein maturation pathways predicted for 
the virus. The gag gene product is a precursor of M, 54,000 

which, as found for other retroviruses, seems to be synthesized 
from genome-size viral mRNA (Fig. 7b). Pr54®® is cleaved at 
two positions to generate the major core structural protein, 
p24, a M, ~ 15,000 N-terminal polypeptide and a structurally- 










































conserved C-terminal ribonucleoprotein of M,~ 15,000. The po 
and gag genes are encoded by different reading frames; transla- 
tion of a gag-pol-encoded polyprotein would thus require join- 
ing of the reading frames by a splicing event (Fig. 7c). 
Characterization of a cDNA clone which probably represe 
the 4.3-kb major viral subgenomic RNA has allowed the identi! 
cation of the transcript capable of directing the stoichiometric 
synthesis of the env gene products. The removal of a single 
intron containing the gag-pol region accomplishes the joining 
of a 289-nucleotide leader from the 5' end of the genome with 
a second untranslated leader situated within an intercistronic 
region between pol and env (Fig. 7d). Translation of this spliced. 
subgenomic RNA would lead to synthesis of an 856 amino acid _ 
envelope polyprotein with a hydrophobic signal leader which 
would direct the precursor to the cell membrane and allow 
initiation of the viral envelope formation. Evidence of a con: 
served cleavage recognition site preceding an extended hydro- 
phobic domain suggests processing of Pr120°™ generates the. 
major envelope and transmembrane glycoproteins. The sizes 
thus predicted for gp65°° and gp41°” are ~480 and 345. 
residues, respectively, in agreement with the observed elec 
trophoretic mobilities of two major virion structural proteins 
Demonstration of the glycoprotein nature of p65 or direct 
sequence analysis of these polypeptides will be required to affirm 
these assignments. 
Expression of the novel E’ gene product is indicated by a 
class of cDNA clones corresponding to several related but: 
structurally heterogeneous spliced subgenomic RNAs of 
~1.8 kb (Fig. 7e). The salient feature of this class is a tripartite 
structure consisting of the 5' leader, the intercistronic leader 
and 1.3 kb of RNA from the 3’ end of the genome. Translation . 
of the E’ reading frame would result in the synthesis of a 
206-residue protein lacking homology with the X gene products 
encoded by the 3’ regions of HTLV-I and HTLV-II. Differe: 
tially-spliced mRNAs capable of encoding the E’ gene product 
are generated by the addition of either of two additional untrans- 
lated leaders or by the use of an alternative splice acceptor in 
the intercistronic leader sequence. Although the existence of E’ 
is unprecedented in other retroviral genomes, it is interesting to 
speculate that it acts as a virus-specific transcription. factor, a 
function ascribed recently to the HTLV-I and HTLV-II X gene 
products*’**. The multiplicity of splicing patterns also provides 
a rationale for the generation of a subgenomic mRNA directing 
the synthesis of the gene product encoded by the P’ reading — 
frame (Fig. 7f). In the examples already described, the joining 
of the 5’ leader to the small exon in the pol gene (exon 2) is © 
accompanied always by further splicing at the donor site located 
50 nucleotides 3’. If further splicing at this donor did not occur, 
a subgenomic RNA ~870 nucleotides longer than the env. 
mRNA would be produced having as its primary translation 
product a 192 amino acid protein specified by the P’ reading 
frame. Alternatively, the removal of a small intron between the 
pol and P' reading frames could result in the synthesis of a 
gag-pol-P' precursor peptide. Further investigation will be 
required to establish the identity the E’ and P’ gene products. : 
and their roles in viral reproduction and pathogenesis. 
Following retroviral infection, the major product of viral DNA. 
synthesis in the cytoplasm is a linear, double-stranded molecule . 
of genome size with a complete copy of the LTR at each end”, 
Studies with several cytopathic retroviruses, notably spleen 
necrosis virus and the cytopathic subgroups of avian leukosis -< 
virus, have revealed a correlation between transient cell killing 
during acute infection and the transient accumulation of 100-200 
copies of linear unintegrated viral DNA*®~>'. Both transient cell 
killing and transient accumulation of linear unintegrated DNA 
require the spread of virus and superinfection of the infected 
cell population. Once a chronic state is established, the level of 
linear unintegrated DNA in the surviving cells decreases ~100- 
fold and is accompanied by the stable integration of several 
copies of the provirus. It is therefore interesting that similar 
preliminary observations have been made for LAV/HTLV-IIE 
infection of T lymphocytes. Southern blot analysis of DNA from 



























































“for the persistence of more than a small amount of linear 
unintegrated DNA. By contrast, acute infection of human 
_-peripheral lymphocyte cultures with LAV leads to the apparent 
accumulation of >400 copies per cell of linear unintegrated 
CDNA. Although H9/HTLV-III cells are relatively resistant to 
the cytopathic effects of HTLV-III'°, the rapid disappearance 
of virus-producing cells in infected primary lymphocyte cultures 
suggests that LAV/HTLV-III has a severe cytopathic effect upon 
the natural host target cell (OKT4*)=' 4, The level of linear 
unintegrated DNA in H9/HTLV-IH cells and infected lym- 
phocyte cultures thus seems to correlate with the relative 
¿cytopathic effects of the virus on these cells. 

The H9/HTLV-III cell line was established by infection with 
materia! from several AIDS patients’? and therefore may contain 
sequences corresponding to different viral isolates. The distribu- 
tion of nucleotide differences between the proviral and cDNA 
sequences described here must be interpreted with caution as 
we do not know the exact relationship of a particular clone to 
any of the multiple provirus copies present in the H9/ HTLV-II] 
cell line (Fig. 2A). Nevertheless, the independent origin of some 
of the clones is suggested by the large number of nucleotide 
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differences present (Fig. 7a). Particular’ y evident is a high degr 
of polymorphism inthe env coding region (24 of 2,568 nucleo- 
tides are different) and the intercistronic region (15/ 602). Eight- 
een of the changes in env lead to amino acid substitutions, 
mostly nonconservative. Two changes result in new potential 
sites of asparagine-linked glycosylation while one change 
removes such a site and therefore may be especially likely to 
have significant effects on protein antigenicity. Should the pro- 
clivity for change with the HTLV-II envelope seen here reflect 
a high rate of mutation in vivo, this may have significant implica- 
tions for the ability of the immune system to respond effectively 
to the virus as well as for the design of vaccines. 
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Stimulation of in vitro transcription by the simian virus 40 enhancer involves a rapid and stable binding of a trans-acting 
factor with both the 5'- and 3'-domains of the enhancer sequence. The enhancer factor, which differs from other types of 
transcriptional factors, can interact with other enhancer elements. 














“REGULATION of gene expression at the level of transcription 
is probably an important control mechanism during develop- 
ment and in the terminally differentiated cells of eukaryotic 
organisms. This control may result from the interaction between 
specific DNA sequences, regulatory proteins and the transcrip- 


tional machinery’. The promoter DNA sequences involved in 
the control of transcription initiation in eukaryotic protein- 
coding genes are composed of several elements: the mRNA 
start-site, the TATA box sequence and one or several upstream 
elements, located generally in ~110 base pairs (bp) upstream 
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“Fig. 1° Structure of the recombinants used as templates or as 
competitors in the in vitro transcription analysis. a, Hybrid con- 
structions pSVA677, pSVA34 and pSVBA34 have been described 
previously”. pSVA677 contains the entire Ad-2MLP between 
coordinates —677 and +33 with respect to the cap site. pSVA34 
contains a deletion®? which removes the upstream promoter 
sequences between --677 and —34 but leaves the TATA box (solid 
triangle) intact. pSVBA34 is derived from pSVA34 by inserting an 
SV40 fragment containing the 72-bp repeat (double open box, 
coordinates 113-251 of the BBB System described in ref. 28) and 
an additional 5’-flanking sequence (solid box) up to coordinate 
270 into an SstI site 63 bp upstream from the Ad-2MLP cap site”®. 
Taq\ digests of these recombinants were used as templates in a 
HeLa whole-cell extract in vitro transcription system, generating 
a specific run-off of 525 nucleotides'’. b, Structure of the plasmids 
used as competitors in the in vitro pre-binding transcription experi- 
ments. DNA fragments containing isolated enhancer sequences or 
upsteam promoter elements were cloned into the pBR322 (ref. 31) 
sites as indicated. The plasmid UML contains the Ad-2MLP 
“upstream. sequences between positions —53 and —260 (ref. 20) 
inserted between the Pvull and the EcoRI sites. BR21 contains 
the SV40 early promoter upstream element”? between coordinates 
32 and 101 inserted between the Sall and BamHI sites. SEI 
contains the SV40 enhancer from coordinates 113 to 270 (ref. 14) 
inserted between the BamHI and Pvull sites. SE2 and SE3 contain 
the same enhancer inserted in the Pvul site and in the Clal site, 
respectively (SE2 also contains an additional pBR322 0.5-kb inser- 
tion). SE4 is equivalent to SE3 but contains only a single 72-bp 
sequence (positions 179-270). SE5 is the same as SE4 but contains 
the deletion TBIOI (refs 14,19) in the 5’-domain of the enhancer 
element, between potisions 233 and 266. SE6 is as SE4 but contains 
a deletion in the 3’-domain of the enhancer element, between 
positions 179 and 201. PyE is a plasmid containing the polyoma 
virus enhancer element (polyoma coordinates 5,021-5,262; ref. 22) 
inserted between the Hindit and Sall sites. ELAE contains the 
Ad-2 El A-enhancer element (Ad-2 coordinates 1-353; refs 23, 24) 
inserted between the EcoRI and the BamHI sites. IGE is a plasmid 
containing the mouse immunoglobulin heavy chain EcoRI- PstI 
enhancer fragment isolated from MOPC11 cells’ inserted in the 
pBR322 BamHI site. The coordinates and relevant restriction sites 
are indicated (restriction sites in parentheses were destroyed during 
cloning). The sizes of the plasmids are indicated in kb. 


of the cap site™?. For some transcription units additional ele- 
ments, enhancers, which have been found in simian virus 40 
(SV40)**, other viruses and recently in cellular genes’~’, are 
important for efficient transcription in vivo. Some enhancer 
elements have species-, tissue- or cell-specificity® '”, suggesting 


< an interaction with specific regulatory molecules and a possible 


role:in.the control of gene expression during differentiation. The 
SV40 enhancer, which contains the 72-bp repeat, has been 
studied extensively'*-'® and has many characteristics in common 


with other enhancer sequences; it is a cis-acting bi-directional 
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Fig. 2 A transcriptional factor interacts with the SV40 enhancer. 
a, In vitro transcription run-off analysis of the competition effect 
of SEI on pSVA34 transcription: lane 1, transcription of the 
pSVA34 template alone; lanes 2-5, effect of preincubating the 
whole-cell extract for 15min at 25°C with increasing molar 
amounts of SEI competitor DNA (1.5-3M excess of SEI. to 
pSVA34). b, Effect of SEt competition on the in vitro transcription 
of pSVBA34: lane 1, transcription of the pSVBA34 template alone; 
lanes 2-4, whole-cell extract preincubated for 15 min with increas- 
ing amounts of SE! (molar ratio to pSVBA34, 1-3) before addition”. 
of pSVBA34 template; lanes 5-7, preincubation of the whole-cell 
extract with pSVBA34 for 15 min and subsequent addition of the 
SEI competitor DNA; lanes 8-10, as lanes 5-7 with a -min 
preincubation time; lanes 11-13, as lanes 2-4 with a -min pre- 
incubation time. The numbers above the electrophoretic gel lanes 
indicate the molar ratio of competitor to template DNA. The size 
of the run-off RNA is. 525 nucleotides. 

Methods. The in vitro transcription assay” and the preparation of 
HeLa whole-cell extract’ have been described previously. The 
DNA template for run-off assay was a complete Taq! digest with 
the amount of template present in each in vitro synthesis (also, in 
Figs 3-6) being 250 ng per 25 wl reaction. The whole-cell extract 
(6-8 pl) in 18-20 wl buffer containing 10mM Tris-HCl] pH7.9, 
6mM MgCl, 50mM KCI, 5% glycerol, was preincubated: for 
15min at 25°C with or without the appropriate competitor or 
template DNA, as indicated. The template and nucleoside triphos- 
phates, pre-heated to 25°C, were added simultaneously. The 
amount of competitor DNA is expressed as a molar ratio with ` 
respect to the template. After addition of template, the in vitro’ 
synthesis was continued for 45 min. The RNA was then phenol- 
and chloroform-extraced, ethanol-precipitated and analysed on 

5% acrylamide/8.3 M urea gels**. 


potentiator of initiation from homologous or heterologous pro- 
moter elements. Although it activates prefentially proximal pro- 
moter elements, it can act over considerable distances (several 
kilobases, kb), albeit with a decreased efficiency. Furthermore, 
DNAse I hypersensitivity assays and electron microscopy: have 
shown that the SV40 enhancer induces an alteration in chromatin 
strucure'’. Recently, with crude whole-cell extracts!* that have 
been used extensively to analyse the promoter DNA sequence 
requirements for RNA polymerase B (II) transcription, we have 
demonstrated that the SV40 enhancer can stimulate specific in 
vitro transcription from heterologous promoter elements’, 
Moreover, deletion mutations that decrease strongly enhancer 
activity in vivo also abolished the in vitro stimulation, suggesting _ 
that the in vitro stimulation reflects the enhancer activity in vivo 
(see ref. 19). As the template does not seem to be organized 
into a chromatin structure during in vitro synthesis'?*", this 
result implies that the observed stimulation was due to the 
interaction between some transcriptional factor(s) and the 
enhancer sequence. 

We report here results from in vitro competition experiments 
which indicate that a trans-acting factor(s) is responsible for 
the SV40 enhancer activity in vitro. We show also that the 
enhancer factor is different from those which interact with the 
upstream elements of the adenovirus-2 major late (Ad-2ML) or 
the SV40 early (21-bp repeat region) promoters. It appears that 
a stable complex is formed between the enhancer and the frans- 
acting factor(s) and that sequences in both the 3’- and 5’-regions 
of the 72-bp repeat are involved in the formation of this 
complex. Finally, we analyse the ability of other enhancer 
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© sequences (polyoma virus, adenovirus 2 (Ad-2) and mouse 
immunoglobulin heavy chain) to compete with the in vitro 
enhancer activity of the SV40 72-bp repeat. 


A trans-acting enhancer factor 


‘We have reported previously that, using a HeLa whole-cell 
extract, the SV40 enhancer stimulates in cis transcription in vitro 
. from heterologous promoter elements irrespective of its orienta- 
© tion. Deletions which diminish the enhancer function in vivo 
also decreased its activity in vitro. Inserting the SV40 72-bp 
repeat in close apposition to the —34 to +33 Ad-2ML promoter 
(Ad-2MLP) element gave a 10-fold stimulation of specific in 
vitro transcription (ref. 19; compare A34 with B34 in Fig. 4c). 
To determine whether this in vitro stimulation is due to a 
trans-acting factor(s), we used an in vitro competition assay in 
which HeLa whole-cell extract was preincubated with increasing 
amounts of competitor DNA containing isolated promoter or 
enhancer elements for 15 min at 25 °C, then template and nucleo- 
side triphosphates were added. Preincubation of the whole-cell 
extract. with increasing molar amounts of SE1 (a pBR322 plas- 
mid containing only the SV40 enhancer, Fig. 1) decreased 
specific transcription from the —34 to +33 Ad-2MLP element 
only when it was linked to the SV40 enhancer (compare 
pSVBA34 and pSVA34 templates in Fig. 2a, lanes 1-5 and Fig. 
2b, lanes 1-4; see also Fig. 1). We find that the amount of 
transcription from the competed pSVBA34 was similar to that 
from pSVA34, indicating that stimulation of in vitro transcrip- 
tion by the enhancer involves a trans-acting factor(s). 
The stability of interaction of the enhancer factor with the 
L $V40 72-bp repeat was analysed in a pre-binding experiment in 
which the pSVBA34 template, instead of the SE] plasmid, was 
preincubated with the whole-cell extract (Fig. 2b, lanes 5-7). 
The second DNA (in this case SEI instead of pSVBA34) was 
added in increasing molar amounts after 15 min. No competition 
was observed, even when a three-fold molar excess of SEI 
competitor DNA was added. When the time of pre-binding was 
reduced to I min (Fig. 26, lanes 8-13), no competition was 
visible when pSVBA34 was preincubated (lanes 8-10), whereas 
competition did occur when the SE! competitor DNA was 





Fig. 3° The factors interacting with SV40 and Ad-2ML upstream 
promoter elements and enhancer are different. a, Run-off analysis 
of the effect of competition by UML and SEI on transcription 
from pSVA677 (lanes 1-9) and pSVBA34 (lanes 10-18): lane I, 
pSVA677 template transcription in the absence of competitor 
DNA; lanes 2-5, competition effect of UML as its concentration 
is increased in the preincubation (from 1.5 to 3M ratio); lanes 
6-9, effect of preincubating SEI at increasing molar ratios; lane 
10, RNA synthesized with pSVBA34 template in the absence of 
competitor DNA; lanes 11-14, absence of competition effect by 
UML at molar ratios increasing from 1.5 to 3; lanes 15-18, increas- 
ing competition effect of SE on pSVBA34 transcription using the 
same range of molar ratios. 6, Run-off analysis of the effects of 
SE2, BR21 or pBR322 competitor DNA on pSVBA34 transcription: 
lane |, pSVBA34 transcription in the absence of competitor; lanes 
2-5, competition when SE2 is preincubated with the whole-cell 
extract at molar ratios increasing from 1.5 to 3; lanes 6-9, increasing 
amounts of BR2! used for the preincubation; lanes 10-12, effect 
of preincubating the whole-cell extract with pBR322 DNA before 
addition of the pSVBA34 template. c, Run-off analysis of the effect 
of competition by SE! (lanes 1-5) and UML (lanes 6-10) on 
transcription from pSVA677 and B34 (B34 is described in Fig. 4 
legend) when mixed in the same transcription reaction: lane I, 
pSVA677 and B34 transcription in the absence of competitor (the 
total DNA amount in the reaction was 300 ng: 200 ng B34 and 
100 ng pSVA677); lanes 2-5, competition when SEI was pre- 
incubated with the whole-cell extract at increasing molar ratios; 
lane 6, pSV677 and B34 transcription in the absence of competitor 
(the total DNA amount in the reaction was 200 ng; 140 ng B34 
and 60 ng pSVA677); lanes 7-10, competition when UML was 
preincubated with the whole-cell extract at increasing molar ratios. 
The numbers above the electrophoretic gel lanes indicate the molar 
ratio of competitor to template RNA. The size of the run-off RNA 
was 525 nucleotides. Methods as in Fig. 2 legend. 


present during preincubation (lanes 11-13). We conclude, there- 
fore, that in vitro stimulation by the SV40 enhancer involves the 
rapid formation of a stable enhancer-factor complex. That tran- 
scription from the pSVA34 template was not inhibited by prein- 
cubation with the enhancer-containing plasmid SEI also sug- 
gests strongly that the factor which interacts with the enhancer 
is not required for transcription from a template containing only 
the TATA box region. 


Specificity of the enhancer factor 


To investigate whether the enhancer factor is different from 
factors which interact with upstream promoter elements, pre- 
incubations were carried out with plasmids containing either 
the SV40 early or the Ad-2ML promoter upstream elements. It 
has been shown that the Sp! factor”) which binds to the 21-bp 
repeat is different from that interacting with the upstream ele- 
ment of the Ad-2MLP (refs 21, 36). Specific transcription from 
pSVA677 (see Fig. 1), a plasmid containing the intact Ad- 
2MLP'’, was decreased by preincubation with recombinant 
plasmid UML containing the Ad-2MLP upstream sequences 
between —53 and —260 (Fig. 3a, lanes 2-5), but not by pre- 
incubation with SEI, even at the highest template/competitor 
molar ratios (lanes 6-9). The converse experiment, using 
pSVBA34 as template, gave the expected results. Transcription 
from pSVBA34 was inhibited by preincubation with SE1 (lanes 
15-18), but not with UML (lanes 11-14). The same results were 
obtained when pSVA677 and B34 (a template equivalent to 
pSVBA34 but generating a 308-nucleotide run-off transcript, see 
Fig. 4 legend) were mixed together and incubated in the same 
reaction assay (Fig. 3c). Preincubation with increasing amounts 
of SE1 decreased selectively transcription from the enhancer- 
containing template B34 (lanes 2-5), whereas preincubation 
with UML reduced transcription from pSVA677, but not from 
B34 (lanes 7-10). 

These results indicate that the factor interacting with the 
upstream region of the Ad-2MLP is different from that interact- 
ing with the SV40 enhancer and also that the in vitro stimulatory 
effect of the SV40 enhancer, using the Ad-2MLP hybrid con- 
structions (see ref. 19 and Fig. 2), is not due to the interaction 
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Fig. 4. Effect of deletion of the 3'-domain of the SV40 enhancer 
on the transcription from the —34/+33 Ad-2MLP element. a, 
Structure of recombinants A348, B348 and BS348. A348 was 
constructed as follows: the EcoRI- BamHI fragment of pSVA34 
(ref. 20) containing the ~34/+33 Ad-2MLP element was inserted 
between the EcoRI and BamHI sites of pBR322; the Prull frag- 
ment of the rabbit B-globin gene*> (—9/ +1650) was then blunt-end 
inserted into the BamHI site. B348 is as A348, but the SV40 
enhancer-containing fragment (coordinates 179-294) is inserted in 
the Sst] site located at -63 with respect to the Ad-2MLP cap site 
(ref. 20; see also Fig. 1). BS34B is as B348 but the 3’-domain of 
the SV40 enhancer element is deleted between coordinates 201 and 
179. b, S, nuclease mapping analysis of in vivo RNA transcripts 
after calcium phosphate transfection of HeLa cells with A348, 
B348 and BS34 as indicated: lane M, size markers (7*P-end- 
labelled MspI fragments of pBR322 are 180, 160 and 147 nucleo- 
tides in long; ref. 31). ¢, Run-off analysis of the RNA synthesized 
in vitro. The templates used are the same as in the in vivo analysis 
but lack the 8-globin coding sequence, thus are called A34, B34 
and BS34, Templates were linearized. at the pBR322 SalI site and 
the specific. run-off RNA is 308 nucleotides long. Increasing 
amounts of template DNA (A34, B34 and BS34), varying from 50 
to 350 ng per 25 yl reaction, were used as indicated. 

Methods. Calcium-phosphate transfection into HeLa cells was 
carried out as described previously”®. We transfected 20 pg of each 
recombinant per 10-cm Petri dish and after 48 h, cytoplasmic RNA 
was isolated from cells lysed with 0.3% Nonidet P-40. For S, 
nuclease-mapping, RNA aliquots were dissolved in 10 ul PIPES, 
PH 6.5, 0.4 M NaCl containing an excess of single-stranded rabbit 
B-globin probe (position +138 to —84) 5'-labelled at the BstNI 
site”, The hybridization was carried out at 68 °C for 12h and after 
digestion with S, nuclease, the DNA fragments were analysed on 

an 8% acrylamide/8.3 M urea sequencing gel*. 


between. the 72-bp repeat and a factor(s) that binds to the 
Ad-2ML upstream promoter element. 

To investigate whether the SV40 early upstream promoter 
region can bind the enhancer factor, competition experiments 
were performed using pSVBA34 as template and a pBR322- 
derived plasmid containing the 21-bp repeat sequence as com- 
petitor (BR21; see Fig. 1). Figure 3b, lanes 2-5 show the expected 
competition with the enhancer-containing plasmid SE2 (similar 
to SEI, but with the SV40 enhancer inserted elsewhere in 
PBR322; see Fig. 1). Neither the 21-bp repeat element (plasmid 
BR21, lanes 6-9) nor pBR322 alone (lanes 10-12) could compete 
for transcription from pSVBA34. Thus, the SV40 Spl factor does 
not seem to be responsible for the in vitro stimulation brought 
. about by the SV40 enhancer. 


Enhancer domains in factor binding 


Stimulation of in vivo and in vitro transcription by the SV40 
enhancer containing a single 72-bp sequence is decreased drasti- 
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Fig.5 Levels of competition by SV40 enhancer containing either 
a single 72-bp sequence (SE4) or the 72-bp repeat (SE3) are similar, 
whereas competitors containing internal deletions in the enhancer 
element are less efficient (SES and SE6; see Fig. 1). The template 
was pSVBA34 and the position of the specific run-off RNA (525 
nucleotides long) is indicated by an arrowhead: lane 1, pSVBA34 
transcription without competitor DNA; lanes 2-5, competition 
activity of SE3 preincubated with the whole-cell extract at molar 
ratios increasing from 1.5 to 3; lanes 6-9, competition by SE4; 
lanes 10-13, lack of competition by SES; lanes 14-17, lack of 
competition by SE6. The numbers above the electrophoretic gel 
lanes indicate the molar ratio of competitor to template DNA. 
Methods as in Fig. 2 legend. 





































cally by a deletion which removes the 5’-domain of this sequence. 
(TB101 in refs 14, 19, 20 and present in SES; Fig. 1b). A deletion 
in the 3’-domain of an enhancer containing a single 72-bp. 
sequence (between positions 179 and 201; see SE6 in Fig. 1b), 
results in a 15-fold decrease of in vivo transcription from the 
SV40 early promoter (M. Zenke, T. Grundstrém, H. Matthes, 
M. Wintzerith and P.C., in preparation). A similar decrease was 
observed in vivo using heterologous constructions (Fig. 4a) in 
which transcription from the Ad-2MLP was potentiated by the ; 
SV40 enhancer (compare lanes 1-3 in Fig. 4b). The effect. of 
this 3'-domain deletion on Ad-2MLP activity was investigated.. 
in vitro (Fig. 4c). With comparable DNA concentrations, tran- 
scription of the template containing the 3'-domain deletion 
(BS34, lanes 9-12) decreased to a level similar to that obsetved 
with an enhancer-less template (A34, lanes 1-4). 
Competition experiments were performed ‘to determine | 
whether the two. domains important for enhancer function are. 
required for factor(s) binding. Four analogous enhancer.co 
structions (Fig. 1b) containing either the 72-bp repeat (SE3), a 
single 72-bp sequence (SE4), an enhancer carrying the 5'-domain © 
deletion (SES) or an enhancer carrying a 3'-domain deletion 
(SE6), were used as competitors. Using pSVBA34 as a template, 
SE3 and SE4 gave similar competitions (Fig. 5, lanes 2-9) 
analogous to those obtained with other recombinants containing 
the 72-bp repeat inserted in a different sequence environment. 
(SEI and SE2; see Figs 2, 3). In contrast, no significant competi- _ 
tion was observed with SE5 and SE6 at the same DNA com- 
petitor concentrations (lanes 10-17). At higher SES and SE6 
competitor/template molar ratios (that is, four and five), 
however, a partial competition was observed (data not shown). 
We conclude that both 5’- and 3'-domains of the SV40 enhancer 
are required for full enhancer activity and efficient binding of ` 
the enhancer factor(s). 


Competition with other enhancer elements 


To determine whether other enhancer elements could compete 
the stimulatory activity of the 72-bp repeat in vitro, we con- 
structed recombinants containing the polyoma virus”, Ad-2 
E1A™7 or mouse immunoglobulin heavy chain’? enhancer 
sequences (PyE, EI1AE and IGE in Fig. 1). These recombinants 
were tested in an in vitro competition assay, using pSVBA34 or 
pSVA677 as templates (Figs 6, 7c). Transcription from pSVBA34 
was decreased when the whole-cell extract was preincubated 

with the Ad-2 EIA or immunoglobulin enhancer competitors 
(E1LAE and IGE, lanes 6-9 and 10-13 in Fig. 6a), whereas the 
polyoma enhancer competitor (PyE in lanes 2-5 of Fig. 6a) 
affected only moderately pSVBA34 transcription. Transcription 
of pSVA677, which was not decreased by preincubation with 
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Fig.6 Competition activity of various enhancer elements. a, Run- 
off analysis of pSVBA34 transcription competed by plasmids con- 
taining polyoma virus (PyE)”, Ad-2 EIA (ELAE)”*, or mouse 
immunoglobulin heavy chain (IGE)? enhancers: lane 1, transcrip- 
tion of pSVBA34 alone; lanes 2-13, effect of preincubation with 
PyE, EAE and IGE, as indicated. b, Run-off analysis of pSVA677 
transcription competed by enhancer-containing plasmids PyE, 
ELAE and IGE: lane 1, transcription of pSVA677 alone; lanes 
2-10, effect of preincubation with PyE, E1AE and IGE, as indi- 
cated. Molar ratios of competitor to template DNA are indicated 
above the electrophoretic gel lanes. Methods as in Fig. 2 legend. 


an SV40 enhancer competitor (SEI in Fig. 3a), also was not 
affected by preincubation with the other enhancer competitors 
(Fig. 6b). 


. Conclusions 


We have proposed previously that both generation of an altered 
chromatin structure and binding of transcription factor(s) could 
be part of the mechanism for transcription activation enhancer 
elements'*:'”!9, That specific factor(s) may interact with enhan- 
cer elements has been deduced also from in vivo studies showing 
that various viral and cellular enhancers have different species- 
and/or cell-specificity®? and that the activity of a given enhan- 
cer on a promoter element could be competed in vivo by simul- 
taneous transfection of a recombinant containing the enhancer 
element”. Our in vitro results, quantitatively summarized in Fig. 
7, support strongly the hypothesis that binding of a transcription 
factor(s) is involved in enhancer activity. This factor(s) is clearly 
‘different from those factors which stimulate transcription by 
binding to the TATA box”? or the upstream elements of the 
Ad-2ML and SV40 early promoters”**'"* (see Figs 3, 7a, b). 
Furthermore, in the present in vitro conditions, the enhancer 
sequence and the factor(s) form a stable complex. The same 5’ 
and 3' domains critical for enhancer activity in vivo are required 
for in vitro formation of this complex (see Figs 2, 4, 5 and 7b), 
implying either a relatively large protein contact site, the binding 
of more than one protein or a coiled enhancer sequence. Both 
the activity of the enhancer in vitro and its ability to form the 
“stable complex are observed with a linear template and thus do 
not require. superhelicity. 
< As the polyoma virus and SV40 are related”, it is surprising 
that the polyoma enhancer competes only moderately for the 
“SV40 enhancer factor(s), whereas efficient competition was 
observed with the mouse heavy chain immunoglobulin and Ad-2 
enhancer elements (see Figs 6, 7c). Sequence comparisons of 
“these enhancers indicate that all three contain the so-called core 
sequence’*”*, Clearly, this sequence is not sufficient to bind 
stably the SV40 enhancer factor(s), in agreement with the 
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Fig. 7 Activity of the different competitor DNAs on in vitro 
transcription of pSVA677 and pSVBA34 templates summarizing 
the results from several experiments similar to those shown in Figs 
2, 3, 5 and 6. a, Transcription of the enhancer-less Ad-2MLP 
template pSVA677 is decreased by preincubation of the whole-cell 
extract with UML which contains the Ad-2MLP upstream element 
(see Fig. 1), whereas SE1, PyE, ELAE and IGE competitors have 
no effect. b, Transcription of the enhancer-containing pSBVA34 
template is decreased by preincubation of the whole-cell extract 
with competitors containing the SV40 enhancer with either an 
intact 72-bp repeat (SEI, SE2, SE3) or a single 72-bp sequence 
(SE4), whereas other competitors (UML, BR21, SES, SE6 or 
pBR322; see Fig. 1) have no effect. e, Transcription of pSVBA34 
is decreased to different extents by preincubation of the whole-cell 
extract with polyoma virus, Ad-2 E1A or immunoglobulin heavy- 
chain enhancer competitors (PyE, E1A and IGE, respectively; see 
Fig. 1). Each competition experiment was repeated at least three 
times; for each experiment quantitation was achieved by 
densitometer scanning of several autoradiograms corresponding 
to different exposure times. The relative transcription of a template 
is plotted as a function of increasing competitor/template molar 
ratios and expressed as a percentage of its transcriptional level in 
the absence of competition. 


requirement of both 5’ and 3' domains of the SV40 enhancer 
for full activity. Thus, it is probable that the EIA and 
immunoglobulin enhancers have additional sequence features 
in common with the SV40 enhancer that are not present in the 
polyoma virus enhancer. We did not expect the immunoglobulin 
enhancer to compete as well as the E1A enhancer, as ina HeLa 
whole-cell extract system the latter stimulates transcription 
(P.S.-C., unpublished observation), whereas the immunoglobulin 
enhancer sequences used here do not (J. Dougherty and P. 
Augereau, personal communication). These seemingly contra- 
dictory findings may be explained by the observation (J. 
Dougherty and P. Augereau; X. Sen and D. Baltimore, personal 
communications) that the present immunoglogulin enhancer 
fragment also contains a sequence which mediates a transcrip- 
tional ‘repression’ ina HeLa whole-cell extract. Sucha sequence 
could mask the stimulatory activity of the enhancer element 
present in the same fragment, but could not interfere with its 
ability to bind the SV40 enhancer factor(s). 

Purification studies using the present enhancer-specific in vitro 

















-Competition assay will enable us to determine whether more 
“than one factor binds to the SV40 enhancer and to investigate 
how the enhancer factor(s) interacts with RNA polymerase and 
“transcription factors specific for the other promoter elements 
and whether it is involved in the generation of the open 
chromatin structure. 
We thank E. Borrelli, R. Hen, T. Leff, V. Moncollin, J. 
Dougherty, T. Reudelhuber, M. Zenke and T. Grunstrém for 
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The relative orientation of the axes of extragalactic extended radio 
sources was first investigated by Willson’, who noted that in the 
3CR sample there was a tendency for the axes to lie parallel to 
each other for sources separated by < 10° on the sky. Using two 
larger samples, Sanders” has recently concluded that this tendency 
‘to align. is present at a high confidence level (>30) only for 
~ distant (redshift, z> 0.4) sources and could arise from gravita- 
tional lensing by superclusters, if most of the matter in a closed 
universe is in thin filaments””. Because of the important cosmologi- 
cal implications, we have now attempted to verify the effect using 
two more independent and larger source samples and find no 
significant tendency for axis alignment. In view of this negative 
result, we also investigated a sample formed by adding well- 
observed radio quasars to 3CR sources (similar to one of the two 
samples used by Sanders) and found that, even in this sample, the 
effect shows up only at a marginally significant level (< 20). 
Our first sample is drawn from a list of ~800 sources for 
which at least two lunar occultation scans along different posi- 
tion angles have been observed with the Ooty radio telescope. 
These observations have provided both accurate positions and 
brightness distributions with resolutions of ~1-10 arcs for sour- 
ces with a flux density 20.25 Jy at 327 MHz. From the basic 
lists of Ooty occultation courses (ref. 4 and references therein; 
A.K.S., in preparation), we have formed a subsample of all 203 
sources having a clear double or triple structure and for which 
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the radio axes have been determined unambiguously. In only. a` 
few cases is the uncertainty in the position angle (PA) likely to 
exceed ~10°. The sources lie in a narrow band in the sky 

(declination width, ~3°-10°) covered by the Moon’s path | 
between 1970 and 1979. Although the sample is not. strict]; 
complete to a limiting flux density, it is expected to be unbiased - 
as far as the PAs of the radio axes are concerned, which are, 
in fact, uniformly distributed between —90° and +90°. 

After Willson’ and Sanders’, we have estimated for each pair 
of sources in the sample both the angular distance between 
them, D, measured along a great circle and the angle X (reduced 
to the interval 0-90°) between the axes. of the two sources 
measured with respect to the connecting great circle. For the 
total. sample (203 sources), the resulting distribution of X 
(average value of X) for all pairs with values of D in 5° bins’. 
(Fig. 1a) shows no significant departure from the value X = 45° 
expected if the radio axes are randomly oriented. 

The accurate radio positions obtained from occultations have 
resulted in reliable optical identifications from the prints of the 
Palomar Sky Survey. At the flux level of the sample, only ~30% 
of the sources are identified; the remainder are expected to be 
quite distant, with z2=0.4. Thus, to obtain a more restricted 
sample, with z>0.4, we omit sources identified with galaxies 
of m,,<20 and those at a galactic latitude |b|< 10°, but those 
identified with quasars or stellar objects of unknown redshift - 
are retained because most should have z>0.4. The ‘distant’. 
sample of 141 sources (Fig. 1b) again shows no significant 
departure from X = 45°, with X(D < 5°) =45.1° for 254 pairs. 
Because of the large number of pairs with D < 5°, we have also 
used smaller intervals of D; for the 84 pairs with D < 2.5°, we 
find X = 47.4°. 

Our second sample is a complete sample selected from the 
GB and GB2 radio surveys at 1,400 MHz, with threshold flux 
S400 2 0.55 Jy (ref. 5), covering two different strips in declina- 
tion, roughly between RA 7 and 17h, which are 6-8° wide and 
are centred at declination ô = +48.5° and +36° respectively. The 
sample consists of 237 sources (83 and 154 respectively, in the. . 
two regions), most of which have been mapped®’ using the Very >; 
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Fig. 1 The mean angle (X) between the axes of radio sources as 
a function of the angular separation between them, D, for the Ooty 
occultation sample; a, for all 203 sources; 6, for the 141 sources 
estimated to have z>0.4. The error bars on each point are 
£45°/V3n,,, n, being the number of pairs involved. 


Large Array (VLA) at 1,465 MHz with resolutions of 1-3 arcs. 
(Structural information on several other sources in the sample 
not mapped with the VLA is available in the literature.) Position 
angles are thus well determined for 48 and 97 sources in the 
‘GB and. GB2 regions respectively. Pairs at different angular 
distances were formed independently in the two regions and 
the numbers in different bins of D were then combined to obtain 
‘the distribution of X shown in Fig. 2a. As optical identification 
data are again available for all the sources, the distant sample 
was formed, as for the Ooty sample, by omitting sources known 
to have z<0.4 and those identified with galaxies of m,, < 20. 
The distribution of X even for this restricted sample (35 sources 
in GB and 67 in GB2) does not depart significantly from 45° 
(Fig. 2b); for D<5°, we find X = 44.9° for 194 pairs, but for 
smaller bin sizes, X (D < 2.5°) = 38.8° for 50 pairs and X(2.5°< 
D < 5°) =47.1° for 144 pairs, the difference in the first bin being 
significant only at the 1.70 level. We note also that the low value 
of X for D<2. 5° is caused only by sources in the GB2 region 
which produce X = 33.7° for 29 pairs (2.30), whereas for the 
GB sources alone X = 45.7° for 21 pairs. 

Having thus failed to confirm ‘alignment’ in our two samples, 
which are almost independent and in which the numbers of 
<. close pairs (D < 5°) are comparable to those in the samples used 
by Sanders, we investigated a sample that should be similar to 
one of his and for which data are available in the literature. 
This is the heterogeneous sample obtained by combining well- 
mapped radio quasars with the 3CR sources. In forming the 
total sample we have, however, attempted to make it fairly 
. homogeneous, taking care to avoid introducing any bias in the 
PAs of the radio axes. The PAs of the sources in the 3CR 
complete sample® were determined either from the maps made 
with the Cambridge 5-km telescope (with an angular resolution 
of 2 x2 cosec ô arc s at 5 GHz) or from maps of higher resolution 
available in the literature. Although several sources at low decli- 
` nations have not been adequately resolved by this system, maps 
with higher angular resolution are available for most of these 
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Fig. 2 X as a function of D for the GB+GB2 sample: a, for all 
sources, b, for the ‘distant’ (z > 0.4) sources. 


(mainly from Cambridge observations at 15 GHz or from 
observations with the NRAO 3-element interferometer or VLA). 
As the upper limits to the values of largest angular size (LAS) 
for unresolved sources in the 3CR catalogue are now <4 arcs, 
we have considered only those having LASS arcs to avoid 
any discrimination against sources oriented largely in the north- 
south direction. Although all sources with redshift z > 0.1 were 
examined, those considered to be of FR class I (ref. 9) at z < 0.1 
were excluded because their PAs are often ambiguous. The final 
3CR sample contains 123 sources of which 76 have a measured 
or estimated z> 0.4. 

Hintzen et al.'° have recently compiled a list of ~250 quasars 
for which structural information is available, including their 
own observations of ~120 quasars made using the VLA with a 
resolution of <3 arcs. It does not, however, form a complete 
sample in any well-defined sense and may not be entirely 
unbiased with respect to the orientation of the radio axes as it 
includes many sources at low declinations that have been map- 
ped'', using the Westerbork synthesis array, with poor resolution 
in declination. To make the sample as homogeneous as possible, 
we have considered only quasars included in the following four 
well-defined complete samples: (1) 4C quasars (observed by 
Potash and Wardle)'*; (2) 4C quasars (Starnard and Neal)" 
not included in the Potash-Wardle sample; (3) quasars from 
the Jodrell Bank 966-MHz survey (Owen et ai.)'* and (4) 4C 
and Parkes samples (Wills)'*. 

All of these quasars (except a few in the Starnard-Neal 
sample) were originally observed with the NRAO 3-element 
interferometer at a resolution of ~3 arcs, We have therefore 
again considered only those having values of LAS 5 arcs, 
which gives a total of 109 quasars (other than those in the 3CR) 
whose PAs could be estimated reliably from the best available 
maps or measurements. 

The distribution of X for the total sample (3CR+ quasars) 
shows no significant departure from a random distribution of = 
PAs, with X (D < 5°) = 44.3°. The results for the case of z >0.4 





Table 1 Values of X(D<5°) for different source samples and redshifts 













* In units of o. 


z>0.1 z> 0.4 
No. of No. of No. of No. of X 
Sample sources pairs (deg) Significance* sources pairs (deg) Significance” 
G).3CR 108 36 37.8 1.67 16 23 39.1 1.09 
(2) Sample (1)+ quasars from refs 12-15 217 123 42.8 0.93 167 80 42.8 0.77 
(3) Sample (2) + quasars from ref. 10 256 175 41.8 1.63 201 116 40.8 1.74 
(4) Quasars alone from sample (2) 139 62 40.1 1.49 119 48 414 0.97 
(5) Quasars alone from sample (3) 178 103 40. 1.90 153 gi 39.9 1.78 
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Fig. 3 Same as Figs | and 2, but for the 3CR+ quasar samples 

with z > 0.4: a, 3CR alone; b, 3CR + quasars from complete samples 

(1)-(4) defined in the text; c, quasars from Hintzen et al. added 
to b; d, quasars alone from a, b and c. 


are shown in Fig. 3, separately for the 3CR sample alone and 
after adding the quasars in the complete samples. The departures 
from X = 45° for D<5° are significant only at the = Iø level. 
Figure 3c also shows the distribution obtained by adding those 
quasars with LAS > 5 arcs and z>0.4 mapped by Hintzen et 
al” with the VLA but not included in any of the complete 
samples (1)-(4). The addition of 34 such quasars increases the 
` significance of the departure for D < 5°to ~1.7¢, which is clearly 
_ insufficient to establish the claimed ‘alignment’. Note also that 
_ the quasars observed by Hintzen et al. do not form a 
homogeneous set. _ 

The values of X(D<5°) for the different 3CR + quasar 
samples are summarized in Table 1 for two different lower 
bounds to the source redshifts. Notably, there is no systematic 
increase in the significance of the departures from X = 45° as 
one increases the lower redshift limit from 0.1 to 0.4, as might 
be expected if the alignment was owing to gravitational imaging 
by superclusters, and increasing it beyond z=0.5 reduces the 
significance even further. 

The tendency towards axis alignment has also been found by 
Sanders’ (for D < 10°) ina sample of sources from the B3 survey, 
which was based on unpublished maps made using the VLA 
with an angular resolution of ~14 arcs. We note, however, that 
a proper analysis of this sample must await observations with 
higher angular resolution because many of the sources have 
total angular extents less than twice the half-power beamwidth. 
On the basis of our three almost independent large samples, we 
conclude that there is presently no significant evidence that the 
axes of distant radio sources tend to be aligned for angular 
separations = 1° on the sky. 
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Bismuth germanate (Bi,Ge,O,, or ‘BGO’), primarily because of. 
its higher detection efficiency, is beginning to replace Nal(Tl) as 
a scintillator for detection of y rays in several applications, 
including large electromagnetic calorimeters for high-energy phys- 
ics experiments’, computed tomography systems in medical phys- 
ics? and y-ray spectroscopy measurements in oil-well logging“. 
Although the use of BGO is increasing, the scintillation mechanism 
which converts incident y-ray energy into visible light is not well 
understood and its efficiency (light output per unit energy of. 
absorbed y radiation) decreases following exposure to ultraviolet 
light or other radiation*. We have found that this ultraviolet 
‘radiation damage’ is accompanied by a corresponding increase in 
a stored thermoluminescence signal—the first reported observation 
of thermoluminescence in BGO. Comparison of scintillation 
efficiency and thermoluminescence intensity following various ` 
exposures to ultraviolet light and after thermal annealing indicate 
a strong correlation between the scintillation efficiency and the 
electron population of the thermoluminescence traps. This should 
be a useful probe for investigating the scintillation mechanism of 
BGO. 

Thermoluminescence is observed when electrons freed by the 
passage of ionizing radiation become trapped in metastable 
energy states between the valence and conduction bands of a 
crystal’. These traps are caused usually by impurity atoms or- 
point defects in the crystal lattice and, if the crystal is heated 
sufficiently, the electrons will gain enough thermal energy to 
escape from the traps and may then recombine with holes at 
luminescence centres resulting in the emission of light. The 
temperature at which this occurs depends on the depth of the. 
trap and consequently, as the sample is heated from room 
temperature to ~400 °C, electrons escaping from progressively 
deeper traps will produce signals at progressively higher sample 
temperatures. In contrast, scintillation is the prompt emission 
of visible light following some type of excitation®; when incident 
radiation is absorbed by the crystal, luminescence centres 
become excited and then return immediately to the ground state 
through the emission of photons. 

The sample used for this study was a transparent colourless 
6-mm diameter x 25-mm-long single crystal (Harshaw Chemical 
Co.). A 1-mm-thick slice was cut from one end for the ther- 
moluminescence measurements and the remaining 6mm x 
24 mm crystal was used for the scintillation measurements. For 
the thermoluminescence measurements, the smaller sample was 
first irradiated with either ultraviolet or y radiation and then 
heated from room temperature to 400°C in a dry nitrogen 
atmosphere at a rate of 8°C s_'. The light emitted first passed 
through an infrared filter and then was detected with a bi-alkali 
photomultiplier and recorded as a function of sample tem- 
perature to produce the typical ‘glow curve’ form of ther- 
moluminescence data. Scintillation measurements were made 
by coupling the larger crystal to a similar bi-alkali photomulti- 
plier and observing the scintillation response to 662-keV y rays 
from a 1-~Ci '°’Cs source. 

The basic thermoluminescence properties of BGO were 
investigated first. Figure 1 shows glow curves measured after 
exposing the sample to ultraviolet radiation from a mercury 
lamp, 60-keV y rays from a “'Am source and sunlight. The 
glow curves induced by ultraviolet exposure and y irradiation 
are similar, whereas excitation by sunlight enhances the 150°C 
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Fig. 1 Thermoluminescence glow curves of bismuth germanate 
following a, a 100-min ultraviolet irradiation at an irradiance of 
40 pWem™”, b, a 10-min exposure to 60-keV y rays from a **'Am 
source (the total dose was ~500 rad) and c, a 26-min exposure 
to sunlight. Four peaks representing four trapping levels can be 
identified. The dominant peak occurs at a glow curve temperature 
of 115°C with lesser peaks at 65, 150 and 175 °C. The increase in 
light detected at temperatures above 350 °C is caused by blackbody 
radiation, which is negligible at lower temperatures. The peak at 
65°C is mostly obscured by the large 115°C peak and is seen only 
as a shoulder on the low temperature side of the 115°C peak. The 
65°C peak is seen only when the sample is measured immediately 
after irradiation as the population of this trap decays rapidly at 
room temperature. 


and 175°C. peaks relative to the 115°C peak, the reason for 
which, although not understood, may be related to the excitation 
wavelength. The sensitivity (thermoluminescence intensity/radi- 
ation dose) of the 115 °C peak to y irradiation is ~0.1% of that 
of the 195°C peak in LiF. 

The trapping level responsible for the 115°C peak was 
“measured by the isothermal decay method’, in which the sample 
--is irradiated (in this case with ultraviolet) and then stored at a 
constant temperature T,. The decay of the thermaluminescence 
is then measured as a function of time and the process then 
repeated for a second storage temperature T,. If the decay is 
exponential (that is, if the thermoluminescence kinetics are first 
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Fig. 2 Decay of the intensity of the 115 °C thermoluminescence 

peak in bismuth germanate following a 30-min ultraviolet irradi- 


ation. The decay time 7 at a storage temperature of 50°C was 
11,300 s; the decay time at 81°C was 340s. 
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Fig. 3 Thermoluminescence intensity of the 115 °C peak and radi- 
ation damage (reduction in scintillation output) as a function of 
ultraviolet exposure time. The units on the y-axis are arbitrary. 
(The irradiance of the Hg lamp is 40W cm™’ at the sample 
position; 90% of the flux is emitted at 253.7.nm.) A saturation 
level is reached after about 1 h beyond which additional irradiation 
results. in little increase in the thermoluminescence intensity or 
radiation damage. (The 150 and 175°C peaks seem to saturate 
sooner.) 


order) then the trap depth, E, can be calculated from 


ee REE (2) (1) 
1/T,-1/T, Nr 

where 7, and r, are the decay times to I/e of the initial intensity 
at storage temperatures T, and T, and k is the Boltzmann 
constant. Figure 2 shows the results of isothermal decay 
measurements for storage temperatures of 50°C (323 K) and 
81°C (354 K). The decay is exponential, indicating that the 
technique is applicable. A trap depth of 1.1+0.1 eV is calculated 
from decay times of 340s at-81°C and 11,300 s at 50°C. The 
effect of overlapping peaks on this determination is negligible 
owing to the large relative intensity of the 115°C peak. The 
frequency factor, s, calculated from’ r= 57! exp (E/kT) is 12+ 
0.1 x10 s7. 

The scintillation efficiency of BGO decreases by up to 50% 
following exposure to ultraviolet light or y radiation or sunlight, 
which could result from electrons, freed by the radiation, becom- ` 
ing trapped at metastable energy levels. If these electrons are œ 
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Fig. 4. Decrease in the thermoluminescence intensity of the 115 °C 

peak and decrease of radiation damage (reduction in scintillation 

output) for samples stored at 22°C following a 30-min ultraviolet 
exposure. 


normally involved in the scintillation process, then the scintilla- 
tion output will be reduced in proportion to the fraction of these 
electrons that become trapped and the filling of these metastable 
energy levels will be similar to the mechanism which stores 
thermoluminescence. Thus, we looked for correlations between 
the thermoluminescence traps and the traps responsible for 
radiation damage, first by comparing the behaviour of ther- 
moluminescence and radiation damage as a function of radiation 
exposure. Figure 3 shows the intensity of the 115°C peak as a 
function of ultraviolet irradiation time and also the radiation 
damage induced in the 6mmx24mm sample by the same 
exposure, defined as the reduction in the scintillation response 
to 662-keV y rays following the ultraviolet exposure. Although 
the error bars are large, the radiation damage appears to follow 
about the same pattern as the thermoluminescence, saturating 
after about the same exposure, except that the radiation damage 
is larger than the thermoluminescence for short exposures, sug- 
gesting a contribution from an additional trapping centre. 

We compare also the decay of the thermoluminescence to 
annealing of radiation damage in BGO. Scintillation efficiency, 
reduced by ultraviolet, y or sunlight exposure, will recover 
subsequently if the crystal is stored at room temperature for 
several days, or at an elevated temperature for a shorter time, 
which is similar to the decay of thermoluminescence. Thus a 
second technique was used to investigate the possible connection 
between thermoluminescence and radiation damage. Both the 
thermoluminescence sample and the scintillator sample were 
irradiated with ultraviolet for 30 min, which resulted in a 11% 
decrease. in the scintillation efficiency (light output) and also 
stored a thermoluminescence signal. The samples were stored 
at room temperature and the scintillation efficiency and ther- 
moluminescence intensity of the 115°C peak were measured as 
a function of time. Figure 4 shows the decay of the ther- 
moluminescence signal and the simultaneous recovery of the 
scintillation efficiency (plotted as the decrease in radiation 
damage), which, for times greater than 1,000 min, occur at the 
same rate, again suggesting a correlation between these 
phenomena. But for shorter times the radiation damage 
decreases more rapidly, probably owing to the depopulation of 
a shallower trap, perhaps the one observed at 65 °C; preliminary 
measurements of the radiation-damage decay time of a sample 
stored at 10°C, together with the data in Fig. 4, suggest a depth 
of approximately 0.9 eV for the shallow trap, which is approxi- 
mately the depth expected for the 65°C peak, although it was 
not possible to determine it directly by thermoluminescence 
Measurements. Thus, the population of this shallow trap is 


















probably related to the short term recovery of radiation damage, 
whereas the population of the 1.1 eV trap (115 °C peak) is related 
to the longer term recovery of radiation damage. R 

Two conclusions may be drawn from these initial results: 
First, BGO displays a relatively-strong thermoluminescence sig- 
nal with reasonably well-defined peaks. The 115°C peak readily 
lends itself to a detailed investigation of decay time, trap depth 
and frequency factor, but the other peaks will require thermal 
or optical bleaching or perhaps slower heating rates to isolate 
them for further study. Second, the measurements reported here 
suggest that the thermoluminescence traps and the radiation 
damage traps may be related. In particular, both thermolumines- 
cence and radiation damage (that is, reduced scintillation 
efficiency) are produced by the same type and intensity of 
excitation (ultraviolet, y and sunlight), both quantities increase 
with increasing ultraviolet exposure and saturate after similar 
exposures and both quantities decay at the same rate following 
excitation, which suggests that the thermoluminescenceé traps. 
and the radiation damage traps are indeed related and may in 
fact be the same traps. If this is indeed true, then thermolumines- 
cence could prove to be a valuable tool for studying both the 
radiation damage mechanism and the basic scintillation mechan- 
ism itself, the main advantage being its high sensitivity. Further 
investigation of the correlation between the 65°C peak and 
short-term radiation-damage recovery and comparison of ther- 
moluminescence properties with trace element compositions of 
different BGO crystals should provide further insight into the 
relationship between these effects in BGO. 

I thank W. A. Loomis and J. S. Schweitzer for helpful dis- 
cussions. 
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The notion that smoke from fires started by nuclear explosions: 
could alter the Earth’s climate' is supported by quantitative models. 
of climate”*” showing that severe cooling may be expected at 
continental surfaces in the first few months. following a full-scale’ 
nuclear war, because of the reduced transmission of sunlight 
through the atmospheric smoke. Whether or not these model results 
are correct, we show here that the smoke could continue to cause 
significant climatic disruption even after it has fallen from the. 
atmosphere, by lowering the reflectivity of snow and sea-ice sur- 
faces, with possible effects on climate in northern latitudes caused 
by enhanced absorption of sunlight. Indeed, on Arctic sea ice and 
on the ablation area of the Greenland ice sheet, the reduced 
reflectivity could persist for several years. 

The fraction of light reflected by pure snow is >90% at visible 
wavelengths, but much lower in the near-infrared. The spectral 
measurements can essentially be explained by radiative-transfer 
modelling®. As convective and latent-heat transfers over snow- 
packs are, typically, smaller than the radiative fluxes’, the” 
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MASS FRACTION OF SOOT IN SNOW 


Fig. 1 Spectrally-averaged snow albedo as a function of soot 
(bottom scale) or smoke (top scale) content, for two different snow 
grain sizes. (The grain size is the radius of an optically-‘equivalent’ 
sphere and is related to the volume/surface ratio of nonspherical 
snow grains''.) The spectral complex refractive index of ice is 
obtained from ref. 24. ‘Soot’ is assumed to have complex refractive 
index 1.8 —0.5i, independent of wavelength, and density 1.0 gcm™* 
(footnote 3 of ref. 9) and to be present as uniform spheres of radius 
0.1 pm. These values imply a mass absorption coefficient for soot 
decreasing with wavelength from 11.7m?g™! at A=300nm to 
4.6m? g™! at A = 1,000 nm. ‘Smoke’ also has density 1.0 g cm”; its 
refractive index, 1.55-0.1i, was specified by NAS" for visible 
wavelengths, but is also used here for the near-infrared. This 
assumption is not crucial, because the major reduction of albedo 
is at visible wavelengths; pure snow already has low albedo in the 
near-infrared because of the greater absorptivity of ice there. The 
smoke has log-normal size distribution with number-mode radius 
fm = 0.1 pm and log-normal width y= 2.0 (Table 5.7 of ref. 14). 
This distribution has effective radius*> r.y = 0.33 pm. Doubling the 
mode radius to r,, = 0.2 um (rq = 0.66 pm), to simulate possible 
aggregation of the smoke particles, would have the same effect as 
reducing the concentration of smoke in snow by a factor of 1.5. 
Calculation is for an ‘external mixture’ of soot particles and ice 
particles; for an internal mixture the curves should be shifted by 
a factor of ~2 to the left. The incident solar radiation spectrum is 
assumed to be that for subarctic summer, clear sky, solar zenith 
angle 53°, at sea level. A given concentration of impurities would 
reduce albedo somewhat more under a cloudy sky. Vertical lines 
give concentrations for the scenarios discussed in the text, for 
smoke distributed through one month’s snowfall. 


A 


energy budget of the snowpack is strongly influenced by the 
` spectrally-averaged albedo 


e alà )S(A) dà a) 
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where a(A) is the snow albedo (ratio of upward to downward 
radiation flux) at wavelength A and S(A) is the spectral distribu- 
tion of solar energy flux incident on the surface (W m™* pm™'). 
Pure snow reflects 70-85% of the solar energy incident on it, 
depending primarily on the snow grain size which normally 
grows as the snow ages*; @ is 80-85% for new snow of grain 
radius r in the range 50-100 um and @~70% for old melting 
snow (r= 1mm). The albedo is also influenced by solar zenith 
angle and by cloud cover. 

Small amounts of absorptive impurities in snow can reduce 
the albedo dramatically in spectral regions where it is high 
(visible wavelengths). We previously computed’ the radiative 
effects of graphitic carbon, ‘soot’ (mass fraction <10" 7) dis- 
tributed uniformly through a snowpack, and subsequent experi- 
ments, measuring both albedo and soot content'®, agreed within 
the experimental uncertainty (a factor of ~2 in soot content) 
with predictions of our radiation model’'. 

For the present purpose, the earlier results (Fig. 7 and footnote 
3 of ref. 9) must be extended to larger amounts of soot and also 
be averaged over wave-length. The solar spectrum at the Earth’s 





S(A), is obtained using Wiscombe’s atmospheric ra 
ation model’? for the subarctic-summer standard atmosphere”. 
Figure | shows the dependence of snow albedo on soot content, 
for two values of snow grain size. A given amount of soot causes 
a greater reduction in albedo in old snow than in new snow 
because the radiation penetrates deeper on average in old coarse- 
grained snow and therefore encounters more absorbing material 
before being scattered back out of the snowpack. 

Results are also shown of calculations using the optical 
properties of the ‘smoke’ for the baseline nuclear war scenario 
of the US National Academy of Sciences (NAS)"". As this smoke 
contains 20% soot and 80% transparent oily compounds, it is 
less absorptive than pure soot, but the effects of a given amount 
of ‘smoke’ on snow albedo closely match those calculated for 
pure soot of the amount present in the smoke. Thus, in Fig. 1, 
by shifting the top scale (for smoke) by a factor of ~5 relative 
to the bottom scale (for soot), we were able to superimpose the 
results for ‘smoke’ on those for ‘soot’, except in very polluted 
snow (dashed curves). 

All these calculations are done by modelling soot or smoke 
in snow as an ‘external mixture’ (impurity particles separated 
from ice particles), which may underestimate the true effect of 
the impurities as a given reduction of albedo can be achieved 
by about half as much soot, if the soot is instead located inside 
the ice grains'*'® (‘internal mixture’). (However, the snow 
albedos, a, of Chylek et al.'*, are too low because, for S(A) in 
equation (1), these workers used the solar spectrum at the top 
of the atmosphere instead of at the snow surface; for example, 
the absorptivity of pure snow with r=0.1 mm should be 0.17 
(Fig. | here) instead of 0.21 in their Fig. 7.) The most probable 
situation, in which smoke is scavenged by falling snow crystals, 
ending up on the surface of the ice grains'’, would probably 
give results intermediate between those of external and internal 
mixtures. 

We now use Fig. | to estimate the reduction of snow albedo 
following nuclear war for the case of snow covering the sea ice 
of the Arctic Ocean, the surrounding tundra of the northern 
continents and the Greenland ice sheet, areas where the absorp- 
tion of sunlight would be most enhanced because the effect of 
changing snow albedo is not muted by forest cover. We use the 
NAS‘ baseline scenario in which 1.8 x 10'* g of smoke is injected 
into the atmosphere. Because of its proximity to sources of 
smoke, the Arctic may suffer more pollution than the average 
for the Northern Hemisphere, but here we simply assume the 
smoke is uniformly deposited over the Northern Hemisphere, 
so the total smoke fallout is 0.71 gm”. The e-folding decay 
time for smoke fallout is probably in the range 10-30 days. (For 
the baseline scenario in Fig. | of me 2 it is 30 days.) Using an 
average precipitation of 13 g cm~? yr™' for the Arctic Ocean’ë 
and 37 gem yr’! for Greenland”, ar mass fraction of smoke 
in the snow would be 6.5x107° on the Arctic sea ice and 
2.2x10 on Greenland, if distributed through one month's 
precipitation in each case. These concentrations are indicated 
by vertical lines in Fig. 1. The values of @ intersected by these 
lines indicate that the fraction of solar energy absorbed by snow 
(1-4) on the Arctic Ocean would increase by a factor of 2.8 
(new snow)-2.7 (old melting snow) and on Greenland by a 
factor of 2.2-2.4, respectively. But a net positive effect on the 
snow energy budget cannot be expected until most of the soot 
has fallen from the atmosphere so that it no longer blocks the 
sunlight. 

The estimates of smoke concentration in the snow depend, 
of course, on the snowfall rate and the smoke sedimentation 
rate and on the total smoke injection into the atmosphere, all 
of which are highly uncertain. The snowfall rate may be reduced, 
for example, because of the greater atmospheric stability in the 
presence of smoke”. The vertical lines in Fig. 1, therefore, are 
only illustrative of the possible magnitude of the effect and are 
not meant to be quantitative predictions. Other scenarios for 
different amounts of smoke can be read off Fig. 1, as desired. 
For example, if the total amount of smoke were the same as we 
assumed, but fell over a period of two months instead of one. 
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MASS FRACTION OF SOOT iN SNOW 


Fig. 2. Computed effects on snow albedo caused by small mass 
fractions of soot. Soot size distribution and refractive index, snow 
grain sizes and solar radiation spectrum are the same as used in 
Fig. 1. The changes from the albedo values of pure snow, do, are 
plotted; the spectrally-averaged changes (solid lines) correspond 
to the left-most portion of the plots in Fig. 1, on an expanded 
vertical scale here. The dashed lines are calcuations at the 
wavelength where snow albedo is most sensitive to soot content 
(A = 470 nm). The reduction in spectrally-averaged albedo is thus 
approximately half that at visible wavelengths. The shaded region 
indicates the range of soot concentrations determined? in 12 
samples of snowfall collected from Arctic Canada, Alaska, Green- 
land and Svalbard during winter and spring 1983-84. To ensure 
consistency between soot measurement and albedo calculation, 
they have been multiplied here by the factor 0.85; previously”, a 
mass absorption coefficient k,,,= 8.5 m*g~' for ambient soot at 
A = 525 nm was assumed, whereas the Mie calculation for the soot 
parameters used here gave k,,,= 10.0 m° g`". 


(or if it fell quickly, but was distributed through two months 
snowfall by wind-drifting), the vertical lines should be moved 
a factor of two to the left, changing the albedo of polluted new 
snow on Arctic sea ice from 0.52 to 0.60; of old snow from 0.20 
to 0.27. 

These hypothetical effects of nuclear war are all much larger 
than the possible reduction of snow albedo of a few per cent 
caused by the small concentrations of soot found at present in 
Arctic snow (Fig. 2). 

In the above four cases (intersections of lines in Fig. 1), the 
polluted layer has sufficient optical thickness for the albedo to 
be unaffected by the presence of clean snow beneath. However, 
light penetrates clean snow more deeply than polluted snow. 
Figure 3 shows how the albedo recovers to high values as the 
smoke layer is covered by clean snow, assuming for the smoke 
layer the lowest albedo of the four cases, 4 = 0.203. The thickness 
of clean snow necessary to hide the smoke layer, such that the 
smoke retains only a 1% effect ond, is 2g cm”? for new snow 
and 10g cm™ for old melting snow (corresponding to about 2 
and 10 months precipitation in the Arctic, respectively); this 
means, of course, that as the clean snow ages, its hiding power 
diminishes. 

Althouglt the albedo would rise as clean snowfalls bury the 
smoke, the polluted layer may be exposed again during a sub- 
sequent melt-season and so hasten the disappearance of the 
snow from the Arctic tundra and sea ice. Experiments are needed 
to determine whether small smoke particles tend to concentrate 
at the surface of melting snow, as do micrometre-size dust 

_ particles?’ 

At high altitude locations on the Greenland ice sheet, the 
incident solar spectrum S(A) is somewhat different from that 
used here (compare Fig. 1 ca oie but, judging from high- 


altitude Antarctic calculations’’, the difference in @ is small 
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Fig. 3 Spectrally-averaged snow albedo as a function of the. 
thickness of clean snow covering the smoke layer, for two différent: 
snow grain sizes. The smoke is assumed to be distributed through 
a layer of coarse-grained snow, r= | mm, corresponding to one 
month’s snowfall in the Arctic Ocean, so that it has spectrally- 
averaged albedo 0.203 when on the surface (intersection of vertical 
line ‘Arctic sea ice’ with dashed curve in Fig. 1, shown here as 
horizontal dashed line). Solar radiation spectrum is the same as.: 
for Fig. 1. No calculations are done for snowpack thicknesses less 
than a monolayer of snow grains. 





































enough for these figures still to be used. Unlike the Antarcti 
ice sheet, where temperatures remain far below freezin 
throughout the year, in Greenland there is normally some melt 
ing in summer over 70% of the ice sheet'*”*. This melting coul 
be enhanced by smoke fallout, especially in the ablation are; 
of the Greenland ice sheet (~15% of the ice sheet area) wher 
the smoke would be exposed repeatedly in subsequent summers 
The effect on the mass. budget of Greenland may be estim 
from Ambach’s model”. 

Persistent consequences would also be expected on multi yea 
Arctic sea ice. Because the snow now melts completely every 
summer on Arctic sea ice and because of the direction of sea-ice 
growth (by freezing at the bottom), the smoke layer woul 
probably be uncovered repeatedly in subsequent summers to 
darken the ice. ; 

We thank John Birks, Stephen Schneider and Conway Leovy 
for encouraging us to do these calculations; Jerry Mahlman for 
information on smoke lifetime and transport in the atmosphere; 
Antony Clarke for pre-publication data on soot in Arctic snow; 
and Walter Ambach, Carl Benson, Arnold Hanson and Starle 
Thompson for advice. Our research on optical properties of 
snow and ice is supported by NSF grant ATM-83-15337. Thi 
computations were done at the National Center for Atmosphe: 
Research. 
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_ Specific regional and hemispheric responses to past variations in 
solar radiation demonstrate the complex interconnections that 
Sexist between components (land/sea/atmosphere) of the climate 
system', Few empirical palaeoclimatic studies are available from 
northeastern Asia, a region essential for the construction of com- 
„posite models of global climate change and critical to analyses of 
“northwestern North American climate. Among these, Quaternary 
climatic data from Japan are restricted largely to pollen sequences 
<30 kyr BP, as limited chronostratigraphic control constrains 
older data™®. Palaeoenvironmental studies of the northwest Pacific 
Ocean focus on comparing modern conditions with the last glacial 
maximum’. Continuous marine palaeoclimatic series are far from 
-Jand and are not correlated directly with continental sequences®’. 
“Here we present the first continuous records of vegetation and 
climate from northeastern Japan over the past 90 kyr, relating 
them directly to sea-surface temperature (SST) estimates from 
- the same deep-sea core, RC14-103 located in the northwest Pacific 
Ocean east of Hokkaido (Fig. 1). Relative stable glacial (~80- 
20 kyr BP) environments are cold (<4 °C) and wet (~ 1,000 mm), 
with boreal forest and tundra on Hokkaido associated with cool 
(<16 °C) summer and cold (<1.0 °C) winter SSTs offshore; non- 
glacial (~ 10-4 kyr BP) environments on land are warm (>8 °C) 
and humid (>1,200 mm), whereas SSTs are cold (10.4-14.3 °C) 
in summer and warm (>1.5 °C) in winter. 

Modern pollen and radiolaria distributions in sediments from 
seas around Japan are used to interpret fossil floral and faunal 
changes'”''. Specifically, factor analysis of abundance data for 
35 radiolarian species in 66 surface sediment samples from the 
northwest Pacific® yielded four assemblages accounting for 95% 
‘of the distribution variance in the data set. The four radiolarian 
factors correlate with surface water masses for which they are 
named: subtropical (Subtropic Gyre), subpolar (Subpolar 
Gyre), transitional. (Subarctic Front) and Okhotsk (Sea of 
Okhotsk). Transfer functions developed from regression analy- 
< sës relating these radiolarian assemblages to observed SSTs have 
standard errors in the estimates for winter and summer of 1.3 °C 
and 0.9°C respectively. The SSTs derived from these radiolarian 
assemblages and vegetation/ climate changes inferred from pol- 
len assemblages in the core are correlated directly with regional 
and global stratigraphies'*"'*. Time control is based on radio- 
¿Tarian stratigraphy developed for the northwest Pacific’. In 
~-RC14-103, two distinct modes separated by a brief transition 
appear in floral and faunal down-core assemblages: (1) a post- 
- glacial mode (11 kyr Bp-present), distinguished by oak-domi- 
-nated broadleaf pollen and subpolar radiolarian assemblages 
~and (2) a glacial mode ( ~ 80-18 kyr BP) characterized by spruce- 
dominated conifer pollen and ‘Sea of Okhotsk’ radiolarian 
assemblages (Fig. 2). 

Maximum concentrations of pollen from warm temperate oak 
‘forests occurred between ~11 and 4kyr BP, whereas spruce, 
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Fig. 1 Location of core RC14-103 (44°02’ N, 152°56' E, 5,365-m 
water depth) in the northwest Pacific-northeast Asian study area. 
The core site, in the southwest portion of the Subpolar Gyre, is 
just north of today’s Subarctic Front (confluence of currents from 
Subtropic and Subpolar Gyres}. The flow of major surface currents 
in the region is indicated by arrows. Schematic vegetation distribu- 
tion is modified from Tsukada°, Walter” and Wang”. Major 
Japanese vegetation groups are associated closely with latitudinal 
and altitudinal temperature variation. Mean annual temperatures 
of evergreen broad-leaved (warm temperate), deciduous broad- 
leaved (cool temperate) and boreal/subalpine (dark) conifer for- 
ests are 13-21 °C, 6-13 °C, and <6 °C respectively’. 
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hemlock (Tsuga), birch (Betula) and alder (Alnus) were insig- 
nificant. Climatic conditions of the youngest 4 kyr approached 
those of the present, with increased spruce, Japanese cedar 
(Cryptomeria japonica) and Sphagnum reflecting the cool moist 
environments of northeastern Japan. Between 18 and 11 kyr BP, 
birch-alder and conifer (subarctic and cold temperate) factors 
were prominent, with the abundance of pine and the occasional 
absence of Japanese cedar suggesting climates which were peri- 
odically cool and often dry'*'®. Full glacial (25-18 kyr BP) sedi- 
ments contain maximum amounts of boreal (spruce-dominated), 
park-tundra and tundra (including, sedge (Cyperaceae) and 
Sphagnum). High concentrations of Selaginella selaginoides, a 
common arctic and alpine tundra species’ >", indicate that cold 
subarctic conditions prevailed on northern Hokkaido during 
this time interval. From ~60 to 25 kyr BP, slight expansion of 
oak and birch-alder assemblages, together with the intermittent 
presence of Japanese cedar, suggests there were minor variations 
in precipitation and temperature within an overall cold dry 
climate. Boreal conifers (primarily spruce), low frequency of 
broad-leaf taxa and a significant increase in Japanese cedar and 
hemlock (trees associated with cool moist environments) charac- 
terize the interval ~80-60kyr BP. In the oldest sequence in 
RC14-103 (~ 90-80 kyr BP), pollen consists mainly of pine, oak, 
birch and alder, with few Japanese cedar and boreal conifers, 
indicating slightly warmer drier summers than in the glacial 
period. 

Estimated SSTs vary from 3.2 °C below to 1.4 °C above present 
winter and 6.2 °C below and 3.0 °C above present summer tem- 
peratures (Fig. 2). The warmest Holocene SSTs are recorded 
for ~6-4 kyr BP. Early Holocene winter SSTs, ~1.5 °C below 
the present temperature, rise during the postglacial climatic 
optimum to values similar to the February temperature of today. 
Low early-Holocene summer SSTs reach a maximum at 5 kyr BP. 











Late-Holocene winter and summer SSTs decrease from their 
climatic optimum highs, becoming warmer again during the past 
1,500 yr. During the Holocene~Pleistocene transition, summer 
SSTs estimates are close to present summer temperatures, with 
winter SSTs more characteristic of cold full-glacial values. 
Between 60 and 18 kyr BP glacial winter SSTs consistently 
average 2°C cooler than present, whereas summer SSTs vary 
within a 4°C range, with an upper limit comparable to the 
present summer temperature at this site. From 80 to 60 kyr BP, 
winter SSTs are slightly cooler (~ 1 °C) and summer SSTs are 
close to the observed seasonal values. Summer SSTs average 
1.5 °C warmer and winter SSTs are generally slightly cooler for 
90-80 kyr BP. 

Climatic changes in the northern Japanese Archipelago are 
broadly similar to contemporaneous climatic changes elsewhere 
in northeastern Asia**'7"*!, In northern Hokkaido, as in central 
Japan, full development of thermophilous vegetation is restric- 
ted to the Holocene, and estimated average annual temperatures 
increase ~2 °C during the climatic optimum”, Pollen data in 
core RC14-103 also indicate there was less summer precipita- 
tion in Hokkaido at the climatic optimum than in preceding 
and subsequent millennia. Cold climates generally prevailed in 
northern Japan between 80 and i8kyr BP. Although boreal 
‘conifers dominated the glacial period, occasional minor 
increases in summer temperature can be inferred from fluctu- 
` ations of temperate pollen taxa. In northeastern Japan, inter- 
stadial temperatures and precipitation appear to have been 
comparable with modern conditions on the southern Kuril 
Islands, whereas stadial temperatures and precipitation were 
comparable with conditions on southern Sakhalin2*”?, 

Early Holocene (10-7 kyr BP) low summer SST estimates 
suggest a weakened influence of the Kuroshio Current (western 
and northern extensions of the Subtropic Gyre) at the core site, 
with relatively little seasonal latitudinal variation in the Subarc- 
tic Front centred at 41° N, Full glacial SSTs persisted from 60 
to 18 kyr Bp. Large seasonal variations in the Subarctic Front 
and in SST (a difference of 16 °C between February and August) 
occurred during the glacial period owing to southward penetra- 
tion in winter of an intensified Oyahsio current (western and 
southern extensions of the Subpolar Gyre). 

During the last glaciation, radiolarian assemblages and SSTs 
in the Pacific Ocean at the RC14-103 site were similar to those 
characteristic of the Sea of Okhotsk today, whereas vegetation 
and climates of northeastern Hokkaido appear comparable with 
those of modern southern Sakhalin and the southern Kuril 
Islands (Fig. 1). Through most of the last glacial, land and 
marine environments of northeastern Asia showed comparable 
south-southeastward displacement. This positive correlation 
between ocean and land temperatures was reversed during much 
of the Holocene, when warm summer temperatures in Hokkaido 
were contrasted with cold summer SSTs offshore. Marine and 
land data agree in that conditions in both environments least 
© resemble the present conditions in and around the Sea of 
Okhotsk. Intensified Asian monsoon circulation may account 
for the estimated increase in land temperatures accompanied 
by lower SSTs”*. 

An important aspect of marine and terrestrial climatic data 
from RC14-103 is the difference between these curves (Fig. 2) 
and other 90-kyr proxy climate records, most of which resemble 
the oxygen isotope curve, with some degree of offset!?*-?’. In 
RC14-103, summer SSTs do not conform to global climate 
patterns. Although winter SSTs and pollen data show mid- 
Holocene temperature maxima, and near-freezing SSTs and 
subarctic conditions prevailed in Hokkaido during the last glaci- 
ation, the curves reflect little of the climatic changes described 
in records of lower resolution. Whereas differences between the 
various curves of pollen assemblages may be an artefact of data 
resolution, they undoubtedly reflect differences in proximity to 
ice sheets of North America and Europe. The Japanese Island 
Arc, surrounded by the Pacific Ocean and the Sea of Japan, 
would be less sensitive to change in continental ice sheets and 
more sensitive to local marine and atmospheric changes. 
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Fig.2 Depth plots of parameters measured in piston and gravity 
core (GC) RC14-103: relative frequency of Cycladothora davisiana 
(% total radiolaria) with designated maxima ('b,) and minima 
(`a) levels, winter and summer SSTs, relative importance of spruce, 
oak and birch-alder factors (factors loadings x100), and 
chronology. Stars designate present-day values in gravity core (GC) 
sample 0-5 cm. Analyses of additional GC samples indicate that 
sediment in the piston core top is not representative of the most 
recent conditions. Vertical reference lines for winter and summer 
SSTs represent the modern SSTs for February (2.5 °C) and August ` 
(16.6 °C) at the core site; those of the three pollen assemblages 
represent modern (GC) values. Chronology for RC14-103 is: 
derived from continuous C. davisiana stratigraphy and the Lyn- 
chocanium grande extinction, which are correlated with the global 
oxygen isotope stratigraphy '*"'*, Core samples taken at ~ 1,200-yr 
intervals were processed using standard techniques. Faunal-and 
floral data (>250 radiolaria and 300 pollen) were synthesized by 
Q-mode factor analysis producing factors accounting for 95% of 
each data set. Pollen factors correspond with major vegetation 
formations of northeast Asia'®''. Estimates of winter and summer 
SSTs vary between —0.7 °C and 3.9°C for February and 10.4°C 
and 19.6 °C for August. 


We conclude that marine and terrestrial records from RC14- 
103 reflect dynamic interaction between northeastern Asian 
atmospheric and oceanic systems overprinting global climatic 
signals. These detailed climatic reconstructions of the past 90 kyr 
in the northwest Pacific and northeastern Japan provide the first 
comprehensive framework for examining effects of variations 
in atmospheric circulation, solar insolation and other com- 
ponents of the climate system in north-east Asia. 
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Alignments of volcanoes such as the Hawaiian seamount chain 
record the passage of oceanic plates over mantle plumes or hot- 
spots, and changes in the orientation of a seamount chain may 
indicate changes in the direction of motion of the plate within the 
hotspot frame of reference’. This hypothesis can be tested for the 
. Pacific plate by comparing data from the Hawaiian volcanoes with 
tectonic movements inferred from the geology of adjacent plates. 
| We have now found that the motion of the Pacific plate changed 
to a more northerly direction 5 Myr ago, probably as a result of 
the detachment of a piece of Pacific sea floor which had been 
subducted beneath the Fiji plateau during the Tertiary. 

The change of motion is depicted in Fig. 1. The curves labelled 
43” shows the trend of the Hawaiian seamount chain predicted 
“by an Euler pole? for Pacific plate-hotspot (PA-HS) motion 
‘determined from many Pacific hotspot tracks spanning the past 
43 Myr. The curve labelled ‘10° shows the trend predicted for 
the eastern end of the chain by an Euler pole found from PA-HS 
tracks spanning 10 Myr or less’. A shift in PA-HS motion at 
any time within the interval 10-0 Myr BP could produce a shift 
like that seen between the 43-0 Myr BP and 10-0 Myr BP curves, 
which are segments of small circles centred on the two Euler 
poles. 

PA-HS motions for the 43-0 Myr BP Euler pole” and for the 
10-0 Myr BP pole? are shown in Fig. 2. Along the transform 
boundary between the Pacific and North American (PA and 
© NA) plates, if it is assumed that NA-HS motion remained 
constant as PA-HS motion changed to a more northerly trend, 
a component of PA-NA motion directed toward the continental 
margin is added. A compressional tectonics effect is predicted 
< whose magnitude depends on whether, before the change in 
Pacific plate motion, the plate boundary along this margin was 
transtensional or transform, which, in turn, depends on the rate 
of extension in the Basin and Range Province’. 

Evidence for the predicted plate convergence is present on 
land along most of the San Andreas fault in the form of intense 
deformation and uplift that began near the beginning of the 
Pliocene (~5 Myr BP) and continued into the Quaternary*"’. 
In offshore basins in central California, there is further tectonic 
evidence for a component of plate convergence across the San 























TOE OE IOE æE OE 


Fig.1 Hawaiian seamount chain delineated by 2,000-fathom con- 


tours. 43, Trend of chain predicted by the Euler pole? found using 

Pacific plate hotspots with ages of 43-0 Myr Bp. 10, Trend of chain 

predicted by the Euler pole? found using Pacific plate hotspots 

with ages of 10-0 Myr BP. Stippled areas, volcanic edifices <5 
Myr old. 
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Fig. 2 Velocity vectors of the Pacific plate relative to hotspots. 

Dashed arrows, motion derived from the 43-0-Myr BP pole? (@). 

Solid arrows, motion derived from the 10-0-Myr BP pole? (@). 

Open arrow, motion of North America relative to hotspots derived 
from the 10-0-Myr-BP pole’. 


Juan de Fuca (PA-JF) spreading centre, two major shifts in 
rotation poles occurred at 8.5 and 5.0 Myr BP“, both accom- 
panied by a clockwise rotation in the orientation of PA-JF 
fracture zones which is predicted by our model if JF-HS motion 
remained the same before and after the change in PA-HS 
motion. The magnitude of the observed rotation at 5 Myr BP is 
about twice that predicted, the difference possibly reflecting a 
change in JF-HS motion and fragmentation of the Juan de Fuca 
plate that may or may not’? have been related to the change in 
motion of the Pacific plate at 5 Myr BP. 

The Pacific-Antarctica (PA-AN) ridge, the longest divergent 
boundary of the Pacific plate, offers the best opportunity for 
finding a significant shift in Euler poles at the time of interest. 
The most accurately determined pre-5 Myr BP Euler poles for 
PA-AN motion are those of Stock and Molnar’ for chron 5 
(9.8 Myr BP) and chron 6 (19.5 Myr BP), which are distinctly 
different from the present (that is, 3 Myr BP) pole? (Fig. 3a). If 
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Fig. 3 a, Euler poles for restoring Pacific plate to former positions relative to Antarctica plate (W) and hotspots (AA). D, PA~AN 
reconstruction poles'> for 9.8 and 19.5 Myr BP; ellipses, subjective estimates!’ of regions of acceptable fit for previous poles. W, PA~AN 
3-0 Myr BP pole”. A, PA-HS reconstruction pole? for 43 Myr Bp. A, PA-HS 10-0 Myr sP pole’; ellipse, standard error’ of prevous pole.’ b, 
PA-HS stage poles for time intervals immediately before and after 5 Myr Bp. £, PA-HS pole for 19,5-5 Myr Bp determined from PA-AN 
boundary (Table 2). A, PA-HS pole for 28-5 Myr Bp determined from hotspots on Pacific plate (Table 2). A, PA-HS pole’ for 10-0 Myr Bp 
determined from hotspots on Pacific plate. @, Possible 5-0 Myr BP PA- 

determining the previous pole includes hotspot tracks older than 5 Myr BP. 


AN-HS motion did not change at 5 Myr BP whereas PA-HS 
motion did change, then the expected pattern is one of sub- 
parallel shifts of the PA~AN and the PA-HS angular velocity 
vectors before and after 5 Myr BP. Although the Euler poles 
shown in Fig. 3a are finite rotations and not angular velocity 
vectors, the sense of the shift is clearly that expected if this 
hypothesis is true. 

An independent set of PA~HS poles calculated from the 
PA-AN-HS circuit provides a more definitive test of the 
hypothesis. Although AN-HS motion has not been measured 
directly, it is reasonable to assume that during the Neogene, 
when the Antarctica plate was bounded mainly by aset of ridges, 
as it is today, the velocity was low. Therefore, in calculating 
PA-HS total reconstruction poles from the PA~AN-HS circuit 
(Table 1), the assumption was that AN-HS motion continued 
at its present slow rate (0.054° Myr”') from 19.5 Myr BP to the 
present. Using these results, two independent PA-HS stage poles 
for the time intervals immediately before and after 5 Myr BP 
were found, one from hotspot tracks on the Pacific plate and 
the other from the PA-AN-HS circuit. This assumed that PA- 
AN and PA-HS motion changed at 5 Myr BP. Poles A and 
B for 5-0 Myr BP (Table 2), determined from the PA-AN-HS 
circuit and from Pacific hotspot. tracks, are almost identical 
because of the low rate of AN-HS motion. Pole C for 19.5- 
5 Myr BP was found from the PA~AN-HS circuit assuming that 
it did not shift during this time. (We chose the chron 6 pole 
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HS pole (59°N, 274°E) based on the assumption that data used for 


rather than the chron 5 pole because the former has a much. 
smaller confidence interval'®, the latter gives a rotation pole at 
a similar location but a larger mean rate of rotation.) Pole D 
for 28-5 Myr BP was found by starting with coordinates. of the 
43-0 Myr BP pole’ for PA-HS motion, making the assumption 
that the Euler pole remained fixed from 43-5 Myr BP but. that 
the angular rate of rotation changed at 28 Myr Bp"®, and then 
subtracting from this 28-0 Myr BP Euler pole the 5-0 Myr BP 
pole (B in Table 2) for PA~HS motion. ` 

In the absence of error, the pre-5-Myr BP poles shown in Fig. 
3b for PA-HS motion found from the PA-AN-HS circuit and 
those from hotspots on the Pacific plate would be the same; 
indeed they agree within the experimental uncertainties. In the 
observed shift of PA-AN Euler poles is thus consistent with the 
proposed change in PA-HS motion. 

Along the divergent boundary between the Pacific plate and — 
the Nazca'’ (NZ) and Cocos’ (CO) plates, the predicted 
changes are small (Fig. 2) and, if present, are not detectable in 
the presence of ridge jumping and other tectonic noise. 

On balance, the observations along the boundary of the Pacific © 
plate are consistent with a clockwise change in the direction of _ 
plate motion at ~5 Myr BP possibly preceded by a smaller — 
change at ~8.5 Myr BP. The onset of compressional tectonics 
at ~5 Myr BP along the San Andreas fault appears to have been 
rapid, as was the change in PA-JF motion at about the same 
time, both observations suggesting that a substantial change in 





Table 1 PA-HS reconstruction poles obtained by combining AN-HS and PA-AN poles 
Age of 
reconstruction AN-HS PA-AN PA-HS 
(Myr BP) N. Lat? E. Long.” Angle N. Lat? E. Long.° Angle N. Lat? E. Long.° Angie 
5 —21.85 255.55 0.27° 64.67 279.77 4.82° 61.84 277.47 4.83° 
9.8 ~21.85 255.55 0.53° 72.0 290.0 9.75° 69.2 286.0 9.7° 
19.5 —21.85 255.55 1.05° 71.25 286.81 15.41° 67.55 283.08 15.34° 


i in ti eee ia a TN ree 
Sign convention: the PA-HS poles rotate the Pacific plate back to its position relative to hotspots at the ages shown in the first column, positive 
angles indicating anti-clockwise rotation. 5 Myr: 3-0 Myr BP PA-AN motion’ extrapolated back to 5 Myr BP; 9.8 Myr BP: chron 5 PA-AN pole’; 


19.5 Myr BP: chron 6 PA-AN pole”. 











Table 2 Stage poles for Pacific-hotspot motion 























































Age of 
reconstruction 

(Myr BP) PA-HS pole Rate 
From To  N.Lat® E.Long.® Angle (deg Myr~’) 

5 0 61.6 277.5 483° 0.97 

§ 0 61.7 277.2 —4.84° 0.97 

19.5 5 70.3 285.6 ~10.55° 0.73 

28 5 68.0 292.3 ~18.0° 0.78 


a Sc I NI a aac 
Sign convention: the rotation is that of the Pacific plate relative to 
hotspots going forward in time, negative finite angles indicating clock- 
wise rotation about the pole shown (right-hand rule). A, based on 
PA-AN motion (Table 1), B, based on 10-0 Myr Bp PA-HS motion’; 
“C, based on PA-AN motion (Table 1); D, based on PA-HS poles for 
28-0 Myr BP (ref. 16) and 5-0 Myr sP (ref. 3). 


motion took place within | Myr or less. Along the San Andreas 
‘fault, compression associated with plate convergence appears 
to have increased throughout the Pliocene and Pleistocene, 
which suggests that the clockwise change in the direction of 
-PA-HS motion consisted of two parts: an initial rapid change 
‘ollowed by a slower change in the same sense. 
The cause of this change in motion may be analogous to that 
of the much larger change at 43 Myr BP from northerly (Emperor 
“seamount chain) to westerly (Hawaiian chain) motion, 
explained’? as being the result of a change in the location of 
-circum-Pacific subduction zones. Before 43 Myr BP, slabs were 
attached only along the north and north-west boundary”? and 
exerted a torque producing PA-HS motion parallel to the 
Emperor seamount chain”? 
The change in torque required to produce the observed shift 
in the PA-HS Euler pole at 5 Myr BP could be produced by 
detaching a subducting slab along the south-west boundary of 
the Pacific plate. In the mid-Tertiary, a slab subducting to the 
south was attached to the Pacific plate along most of the boun- 
__ dary between Western Samoa and the Admiralty Islands*°?’. 
Evidence of this palaeosubduction zone includes bathymetric 
features (for example the Vitiaz trench”) and island arc 
geology”. In the Solomon Islands the geology indicates that 
slabs began to detach from the Pacific plate around the middle 
+ Miocene (14-11 Myr BP)?', possibly causing some of the 
changes apparent in the central part of the Hawaiian chain. In 
the New Hebrides arc and Fiji plateau, a southward-subducting 
slab attached to the Pacific plate was replaced by a northward- 
subducting slab attached to the Australian plate, either in the 
middle Miocene”! or the early Pliocene”. The second interpreta- 
tion is favoured by the observation that the detached slab is still 
cold and brittle enough to generate deep earthquakes as it sinks 
< beneath the Fiji plateau”***. Thus, detachment of this slab from 
the Pacific plate appears to be a probable cause of the change 
in plate motion at 5 Myr BP. 
Benjamin Page's appreciation of the magnitude of Pleistocene 
tectonism in California provided the initial motivation for this 
study. Support was provided by NSF grants EAR 79-19712 and 
EAR 81-07702 and by the Gulf, Mobil, Texaco, Arco and 
Aminoil corporations. 
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Soil organic matter is by far the most abundant form of organic 
matter at the Earth’s surface, playing an essential role in soil 
fertility by maintaining a favourable soil structure, by its water- 
retention properties and by its ability to store and release fertilizer 
elements, both cationic and anionic. Yet the nature and origin of 
its distinctive constituents, the humic substances, remain unknown. 
These dark-coloured acidic unsaturated compounds are generally 
considered to be predominantly aromatic and phenolic in charac- 
ter’, largely on the basis of the high yields of benzene and 
hydroxybenzene polycarboxylic acids obtained, using various oxi- 
dation procedures, by Schnitzer et al.'. Here we present evidence, 
at least for the water-soluble fulvic acids, that these aromatic and 
associated aliphatic oxidation products are possibly, sometimes 
certainly, artefacts or contaminants introduced by the complex 
chemical procedures involved in their isolation and identification. 

It is difficult to reconcile these oxidation products with °C- 
NMR (nuclear magnetic resonance) spectra of humic and fulvic 
acids*. The problem is particularly acute with fulvic acid, where 
3C.NMR indicates that only 35% of the non-carboxylic ate 
is unsaturated and that little or none of this is phenolic: it 
spectrum is more consistent with a proposal, based on analogies 
between the infrared spectra of fulvic and polymaleic acid’, that 
fulvic acid, when free of associated polysaccharides and pep- 
tides, is largely a hydroxyl-substituted unsaturated aliphatic 
polycarboxylic acid (J. Skjemstad, personal communication). 
Sharp aromatic features reported in nC- NMR and infrared 
spectra of a polymaleic acid preparation® are due to pyridinium, 
introduced during the synthesis (J. D. Russell and H. A. Ander- 
son, personal communication). 

Recently, Preston and Schnitzer’ have reported that four sharp 
resonances at 127-131 p.p.m. which may be ascribed to benzene 
polycarboxylic acids, appear in '7C-NMR spectra of humic and 
fulvic acids treated with diazomethane, with other sharp reson- 
ances appearing in the aliphatic region. They suggest that these 
features are not present in the original fulvic acid because of 
broadening effects, possibly associated with organic free 
radicals, metal ions and the presence of hydrogen-bonded micel- 
lar regions; they propose that methylation with diazomethane 
improves resolution by removing adsorbed components and 
metal impurities and by improving solvation, Of these, a solva- 
tion effect can be discounted, given that '°C-NMR spectra of 
solid humic materials, obtained using magic angle spinning, are 
basically the same as their solution spectra (compare refs 4 and 
7); inter- and intra-molecular hydrogen bonding of polycarboxy- 
lic acids cannot survive in the alkaline solutions used for NMR 
examination. 

We have tested the other hypotheses by adding 5 mg of each 
of benzene-1,2,3-tricarboxylic acid and benzene hexacarboxylic 
acid to an alkaline solution of 120 mg of fulvic acid from the 
Bh horizon of a Canadian podzol and examining their NMR 
spectra under the conditions of ref. 7. The added acids produced 













sharp resonances, uld have been readily detectable 
above the broad band of unsaturated carbon in fulvic acid when 
present as only 1% by weight of fulvic acid. Thus, benzene 
carboxylic acids, or any similar aromatic system with sharp 
resonances, would have been readily detected in the original 
fulvic acids. We conclude that the sharp peaks observed’ in 
diazomethane-treated humic preparations must arise either from 
aromatic contaminants, or from reaction products of 
diazomethane with the fulvic acid. Also, there is no good reason 
to reject the '°C-NMR evidence that fulvic acid does not contain 
all the benzenoid structures which appear in the oxidation 
products’, there being nothing in the nature of fulvate solutions 
which would obscure their presence. In particular, a sugges- 
tion'’ that benzene and hydroxybenzene polycarboxylic acids 
exist as such in fulvic acid can now be discounted. 

As the oxidation products of diazomethane-treated humic 
materials have been used to infer their structure'?, we have 
examined the literature to estimate the contribution of the 
artefacts or contaminants now shown to be present and to 
determine whether there may be other contributions to the 
oxidation products arising from the complex procedures used. 
There is considerable independent evidence that diazomethane 
reacts with humic materials to produce byproducts of the desired 
methylation of hydroxyl groups. Preston and Schnitzer’ reported 
that treatment of humic and fulvic acids with diazomethane 
caused increases in weight of 20 and 40% respectively. As 
methylation alone would account for only 8 and 14% respec- 
tively, there must be substantial amounts of other reaction 
products, for example, polymethylene, which has been reported 
in diazomethane-treated humic acids and which can be corre- 
lated with a peak at 29.7 p.p.m. in “C-NMR spectra of 
diazomethane-treated humic and fulvic acids’. Indeed, poly- 
methylene is a probable source of the straight-chain mono- and 
di-carboxylic acids that appear among the oxidation products 
of diazomethane-treated fulvic acid’. 

Diazomethane is highly reactive towards a,B-unsaturated 
acids with which it can form a great variety of addition and 
insertion products’. Such a,B-unsaturated acids have been 
shown to constitute a major proportion of the total acidity of a 
peat humic acid”. Reaction of diazomethane with humic acids 
to form pyrazole derivatives has been established'’: other 
nitrogen-free reaction products are not improbable. These 
artefacts cannot, however, be the source of the benzene polycar- 
boxylic acids that appear in the oxidation products of methylated 
humic materials, as there is no significant difference in yield 
between methylated and non-methylated humic and fulvic 
acids'™!?, Moreover, reaction of diazomethane with double 
bonds in humic material is unlikely to create benzene rings of 
well-defined type, so that the four sharp aromatic resonances 
mentioned above are more likely to arise from contaminants 
such as benzenoid plasticizers and anti-oxidants. This is con- 
sistent with the absence of the resonances in one fulvic acid 
preparation and with their uniformity among the other diverse 
humic and fulvic acids. 

Contaminants arising from synthetic polymers and their 
associated plasticizers and anti-oxidants are difficult to avoid 
in the laboratory, given the widespread use of plastic vessels 
and tubing and of polymer-based ion-exchange and chromato- 
graphic materials. These contaminants are eliminated by purifi- 
cation procedures in small-molecule organic chemistry, as are 
unwanted byproducts of reactions. All these substances accumu- 
late in the reaction products of humic materials; for example, 
the long-chain fatty acids isolated from the Cu,O/ NaOH oxida- 
tion and from the NaOH hydrolysis of fulvic acids'*'* must be 
contaminants, as their (CH,),, chains would have been detected 
readily as major features of the C-NMR spectra of fulvic acid. 
Infrared spectra of fulvic fractions isolated by gel chromatogra- 
phy show di-alkyl phthallate plasticizer contaminants in 
amounts which are clearly not present in the starting material 
(see Fig. 4.8 of ref. 15), We conclude, therefore, that laboratory 
contaminants are picked up commonly during the manipulation 
of humic materials and their derivatives. 











Given, then, that C-NMR spectroscopy establishes that fu 
vic acid does not contain benzenoid structures in sufficient 

amounts to account for the high yields of benzene and ‘hydroxy- 

benzene polycarboxylic acids in its oxidation products, it 

remains uncertain whether these arise as artefacts of the oxida- 
tion procedures or as contaminants in subsequent manipula- 
tions. Martin er al.’ concluded that they were probably artefacts, 
as they obtained benzene polycarboxylic acids by various oxida- 
tions of a polymaleic acid containing little unsaturated carbon. 

However, they found no phenolic acids among their oxidation. 
products, whereas Spiteller and Schnitzer® did find hydroxyben- 

zene polycarboxylic acids in the oxidation products of poly- 

maleic acid. The difference between the two laboratories suggests. 
a laboratory source of these products. 

Whether or not these benzene and hydroxybenzene polycar-. 
boxylic acids appear in the oxidation products of fulvic acids, 
or are introduced in further manipulations, can now be resolved’ 
by applying '*C-NMR spectroscopy to the unfractionated oxida- 
tion products, as they would be readily recognized there i 
present even as a few % by weight of the starting material. 
Schnitzer' has estimated that they amount to 50% of the starting 
material, allowing for plausible losses during the complex separ-. 
ations. If they are indeed artefacts of the oxidation procedures. 
and present in such amounts, they are important clues to the 
structure of fulvic acid. 

The authors thank Dr H. A. Anderson for pointing out the 
reactivity of diazomethane with unsaturated systems and Dr J: 
A. McKeague for the sample of fulvic acid. V.C.F. is supported 
by a Hannaford Research Fellowship and D.L.P. by a CSIRO” 
postdoctoral award. 
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Tarsiiform primates have long been regarded as a Laurasian group, 
with an extensive fossil record in the Eocene of North America 
and Europe'~ and two important but less well-known records from 
Asia**. The only living genus is Tarsius (Tarsiidae), whereas all 
of the fossil tarsier-like primates are usually placed in the extinct 
family Omomyidae”. We now report the discovery of Afrotarsius 
chatrathi from early Oligocene rocks of Fayum Province, Egypt. 
This is the first known tarsiiform primate from Africa. Compared 
with fossil primates, the molar tooth morphology of this diminutive 
prosimian is most similar to that of the European Eocene micro- 
choerine Pseudoloris; however, the closest similarity is to the 









molars of Tarsius. Because the phylogenetic relationships among 
living Tarsius and the omomyids remain unclear" and because 
: öf the fragmentary nature of the only known specimen of this new 
primate, allocation of Afrotarsius to either Omomyidae or Tar- 
siidae is necessarily provisional. As we believe that its molar teeth 
are more like those of Tarsius than of any omomyids (including 
Pseudoloris), we tentatively assign the new genus to the extant 
family Tarsiidae as its only known fossil representative. Recovery 
of a Tarsius-like primate from Africa suggests that it or its 
ancestors might have been immigrants from Europe, may have 
been derived from an unknown Asian stock related to the ancestry 
of Tarsius, or may have originated in Africa. 


Order Primates 
Suborder Prosimii 
Infraorder Tarsiiformes 
Family Tarsiidae? 


Afrotarsius, gen. nov. 


Type species: Afrotarsius chatrathi, sp. nov. 

Diagnosis: Differs from Tarsius in having a more posteriorly 
placed entoconid and thereby relatively longer distance between 
the M,... entoconid and metaconid: in having a relatively larger 
and slightly more labial M, paraconid; in lacking a distinct 
entoconid and in having a smaller, less posteriorly extended 
posterior cusp on M;; and in having M; with a shorter talonid 
and a relatively smaller crown with respect to M2. The specimen 
` differs from all anaptomorphine and omomyine omomyids in 
the combination of labiolingually broad and shelf-like molar 
paraconids separated from metaconids and protoconids by a 
deep notch, and from all omomyids in having a raised, wall-like 
ridge between the entoconid and metaconid (both features as 
in Tarsius). It differs from all omomyids (except possibly Hemi- 
acodon and Macrotarsius) in having M, metaconid lingually 
opposite to protoconid, not placed more posteriorly, and in 
having a smooth posterior wall on the M, trigonid. It differs 
from all omomyids and Tarsius in having an indistinct talonid 
notch on molars and in having M, > M,> M3. 


Afrotarsius chatrathi, sp. nov. 


Etymology: For Prithijit S. Chatrath, collector of the type and 
only known specimen. 

Holotype: CGM (Cairo Geological Museum, Ma’adi, Cairo) 
42830, fragment of right mandibular ramus with M,_;, lower 
parts of crowns of P, and P, (Figs 1, 2). 

Locality: Fossil vertebrate quarry M, 249-m level of Jebel 
Qatrani Formation (Oligocene), Fayum Province, Egypt. Older 
than 31.0+ 1.0 Myr’. 

Diagnosis: Only known species; same as for genus. Measure- 
ments (mm) are: P,-M, (in series trigonids overlap talonids), 
8.70; P, length, 1.90; P, width, 1.60; M, length, 2.45; M, trigonid 
width, 2.00; M, talonid width, 2.10; M: length, 2.30; M, length, 
2.20; M; trigonid width, 1.80; M, talonid width, 2.65; depth of 
horizontal ramus beneath anterior root of M, (lingual side), 3.25. 

Description: CGM 42830 is a right lower jaw fragment preserv- 
` ing parts of P;-M, (Figs 1,2). The top of the crown of P, and 
most of P, are missing, as is much of the labial margin of Mp. 
In addition, the protoconid of M, and the metaconids of M, 
and M; are broken. Anterior to P3, part of the distal border of 
an alveolus is preserved. The lower jaw is slender and shallow 
and maintains a fairly even depth of 3.25 mm beneath M,_;, 
| shallowing to about 2.90 mm beneath P,. A tiny mental foramen 
is present about 1.20 mm above the inferior border of the jaw 
and slightly anterior to the anterior root of P4. 

P,., ate two-rooted teeth, P, being the smaller. Both teeth 
seem to have been essentially unicuspid. A small cristid connects 
` the base of the P4 protoconid with the tiny hypoconulid on the 
posterior margin of the tooth. A well-developed labial cingulid 
becomes confluent posteriorly with this raised distal heel. 

In area and length of the molar crowns, M, > M, > Ms. The 
molars are simple tribosphenic teeth, each with a large, shelf-like 
paraconid separated from the metaconid and protoconid by a 
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Fig. 1 Occlusal view of CGM 42830, type specimen of Afrotarsius 
chatrathi, right lower jaw preserving M,, most of M2, M, and parts 
of P, and P, (~ x6). 
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Fig. 2 Labial (a), lingual (b) and occlusal (d) aspects of CGM 
42830, holotype of Afrotarsius chatrathi, and occlusal aspect (c) 
of FMNH 57281, Tarsius syrichta; c and d are stereo photographs. 


deep, curved, posteriorly convex sulcus. On M,_2 the paraconids 
are lingual to the midline mesiodistal axis of the crown and 
project mesially, giving the trigonid an almost equilateral 
triangular shape in occlusal view. On M; the paraconid is more 
lingual in position and is slightly closer to the metaconid than 
on M, or M>. The M, talonids are broad, deeply basined, 
bounded by hypoconids and entoconids of approximately equal 
size, and closed posteriorly by small but distinct hypoconulids. 
The entoconids are located on the distal border of the talonids, 
with the result that the talonid basins are long mediodistally. 
The high wall connecting the entoconids with the bases of the 
metaconids has an even crest, causing the talonid notch to be 
indistinct. 

M; has a somewhat narrower talonid than M, caused by the 
sharp posterolabial inflection of the entocristid, and possesses 
only two talonid cusps, a large hypoconid at the posterolabial 
margin of the crown, and a second cusp (hypoconulid or 
entoconid) at the centre of the posterior margin of the crown. 
A high oblique wall connects the hypoconulid with the base of 
the metaconid. As on M,_», there is no distinct talonid notch. 
The M; post-hypocristid reaches distally into a sharp notch at 
the base of the hypoconulid. 

The M, hypoflexids are shallow, the cristids obliquae reach- 
ing the bases of the trigonids slightly lingual to the protoconid. 
M, and M; have strong labial cingulids that cross the hypoflexid 
and merge with strong precingulids and weaker post-cingulids 
(this part of the crown is missing on M3). 


Afrotarsius chatrathi shows a mosaic of dental similarities to 
the late Eocene microchoerine Pseudoloris and to living South- 
East Asian Tarsius. Traditionally, Tarsius has been considered 
to be a living remnant of some early lineage of omomyid pri- 
mates, which were diverse and abundant during the Eocene in 
North America and Europe. More recently, several authors have 
suggested that Tarsius has a closer phyletic relationship with 
living and fossil higher primates than with omomyids'°"'*. Non- 
etheless, the morphology of the teeth of Afrotarsius is clearly 
closest to that of living Tarsius and, among fossil forms, the 
Omomyidae. We therefore believe, in the absence of other 
evidence, that the affinities of Afrotarsius lie with these animals. 

Development of a linguolabially broad and sheif-like molar 
paraconid separated from the other cusps of the trigonid by a 
deep valley is a feature shared among Tarsius, Afrotarsius and 
Pseudoloris, although the more lingual placement of a relatively 
large paraconid in Afrotarsius is more reminiscent of the condi- 
tion in Tarsius than of that in Pseudoloris. Also shared is the 
distinctive posterolabial inflection of the M, entocristid, an 


















unusual feature that seems to link Afrotarsius and Tarsius to 
the exclusion of other primate species. The presence of a tall, 
wall-like entocristid with an indistinct talonid notch, the direct 
opposition of the M, metaconid and protoconid, and the 
development of tall hypoconids (not relatively short as in 
Pseudoloris) are additional features linking Afrotarsius more 
closely to Tarsius than to Pseudoloris. Thus, the combination of 
these and the other diagnostic features demonstrate that Afrotar- 
sius is closer in its dental morphology to Tarsius than to the 
Omomyidae, but within that family, Afrotarsius most closely 
resembles Pseudoloris. 

Unfortunately, canines and incisors, which most clearly dis- 
tinguish microchoerines and Tarsius, are unknown for Afrotar- 
sius. Microchoerines, like other omomyids, tend to have a rela- 
tively large front tooth in the lower jaw. Of the two teeth 
immediately posterior to the front tooth, at least one is also 
relatively large. The anterior three teeth in the lower jaw of 
‘Tarsius, on the other hand, consist of a very large tooth flanked 
both anteriorly and posteriorly by much smaller teeth. The 
divergent structure and placement of the paraconid serve to 
distinguish the molars of representatives of the omomyid 
sub-families. Omomyinae, Anaptomorphinae and Micro- 
choerinae™ >15, We believe that the paraconid condition in 
Afrotarsius is most similar to that of Tarsius and that in both 
it is different from that of omomyids. Because only one (if any) 
of the four basic types of paraconid development can be primi- 
tive for primates of modern aspect, we feel that the paraconid 
condition in Afrotarsius is probably the most useful morphologi- 
cal guide to its relative kinship to other primates. 

Concerning the palaeobiogeography of Tarsiiformes, rela- 
tively little more can be adduced from the discovery of a tarsier- 
like primate in Egypt. Given the Oligocene palaeogeography of 
Africa, Europe or Asia are the obvious contenders for the 
geographical origin of Afrotarsius and/or its ancestors. Either 
. solution implies the presence on one of these continents of an 
unknown stock of Tarsius-like Prosimii. Of these two 
possibilities, an Asian origin is perhaps the more likely, though 
supported only by circumstantial evidence: (1) there are no 
known suitable morphological candidates for the ancestry of 
Afrotarsius in the relatively well-sampled fossil record of the 
Euramerican Eocene Omomyidae; (2) the dentition of Afrotar- 
sius is structurally most similar to that of living South-East 
Asian Tarsius; and (3) at least some floral'® and faunal!’ ele- 
ments of the Egyptian Oligocene might have been more closely 
linked to those of various parts of Eocene and present-day 
South-East Asia than they are to floras and faunas of the early 
Tertiary of Europe. If Afrotarsius or its ancestors immigrated 
to Africa from either Europe or Asia, this dispersal is most likely 
to have taken place during the late Eocene-early Oligocene 
Tethyan regression, an event that facilitated the entry of mar- 
supials into Africa from Europe'*. A last possibility is that 
Afrotarsius originated in Africa from an otherwise unknown 
(possibly omomyid) prosimian stock. By this viewpoint, Tarsius- 
like primates were deployed from Africa to Asia some time in 
the Tertiary. However, it is impossible at present to distinguish 
between these possibilities. 
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Two ordered representations of the body surface, S-I and S-II, 
have been described on the cortical surface of the brains of a 
variety of mammals; additional separate topographical maps have 
been found in the somatosensory cortex of the cat and monkey’. 
Except for minor variations in the placement of the body parts, 
the basic somatotopy of the maps is remarkably consistent across 
species". As the reasons for this consistency and the minor vari- 
ations are unclear, we examined the somatotopy of the bat, whose 
body plan has been modified extensively so that the forelimb can. 
be used for flight. We report here that in both S-I and S-II of 
the grey-headed flying fox, not only is the representation of the 
distal forelimb displaced from its usual position on the map, but 
the digits are directed caudally instead of rostrally as they are in 
all other mammals studied. The variant somatotopy appears to. 
reflect the postural differences between flying and walking mam- _ 
mals, supporting the notion that topographical maps may have 
functional significance apart from their point-to-point connections 
with the sensory periphery. 

Standard microelectrode mapping techniques (see, for 
example, ref. 4) were used to study the organization of 





Fig. 1 Schematic representations of the body surface (‘homun- 
culi’) on the somatosensory cortex of the rat (a, redrawn from ref. 
5) and the flying fox (b, drawn, with artistic licence, from data on 
785 recording sites and summarized more accurately in Fig. 2d). 
The rat, like opossum, squirrel, galago, cat, tree shrew and various 
New World and Old World monkeys (see ref. 5) has a somatotopic 
representation in which the forelimb digits are directed rostrally 
in both S-I and S-II. In contrast, the bat has a representation in 
which the forelimb digits are directed caudally, reflecting the 
altered position of these digits for use in the wing. 
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somatosensory cortex in a Megachiropteran, frugivorous, non- 
echolocating bat, Pteropus poliocephalus, the grey-headed flying 
fox. Five animals were anaesthetized with a combination of 
ketamine hydrochloride (20 mg per kg intramuscular, i.m.) and 
xylazine (1 mg per kg i.m.), supplemented with pentobarbitone 
.. (6mg per kg) in some individuals. Light tactile stimuli defined 
receptive fields on the body surface for single units and clusters 
of units at 785 recording sites in the somatosensory cortex. 
Recording sites, projected orthogonally to the cortical surface, 
were grouped according to receptive field location so that sites 
with. receptive fields located primarily or exclusively on a par- 
ticular body part (such as the jaw, or pro-wing membrane; see 
Fig. 2) were outlined. In this manner, the arrangement of body 
parts in the cortical representation became apparent. In addition, 
the auditory cortex and its boundary with the somatosensory 
cortex was mapped with tones in two bats, and the cortical 
projection areas of primary visual cortex determined with ana- 
tomical tracing techniques in several other animals. 

We found three separate representations of the body surface 
in somatosensory cortex in addition to multiple representations 
- in the auditory and visual cortices. The microelectrode mapping 
“results indicate that the arrangement of body parts in S-I and 
'S-II of bats is substantially different from the usual mammalian 
scheme. In other mammals, the organization of S-I can be 
-crudely summarized as a ‘homunculus’ or distorted representa- 
tion of the body surface with the head lateral, the tail medial, 
and the. digits of the hands and feet rostral as in Fig. la. 
Distortions due to differential enlargement of body parts are 
"apparent, and discontinuities in the representation occur’, but 
the basic orientation of the forelimb digits towards the rostral 
border of S-I remains consistent. S-II adjoins S-I along the 
representation of the dorsal midline of the head, and S-H can 
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Fig. 2. Organization of somatosensory cortex in the flying fox. Receptive fields for a rostrocaudal row of recording sites in S-I (see d) are 
outlined on ventral views of the body (b) and first digit of the wing (a). Receptive fields 3D and 4D, shown on the ventral surface, were 
actually in the corresponding location on the dorsal surface of the arm and pro-wing membrane. Receptive fields 13 and 14 were at the base 
of the claw of the first digit (D1). c, A dorsolateral view of the brain with S-I, S-II and a third somatosensory region indicated. A, auditory 
cortex; area 17 is primary visual cortex; LS, lateral sulcus. d, Detailed organization of S-I and S-I and the locations of electrode penetrations 
which yielded the receptive fields shown in a and b. In this experiment boundaries were determined from receptive field locations for 386 
other recording sites not shown. Note that the most medial portion of S-I, containing the representation of the hindlimb and tail membrane, 
extends down onto the medial wall of the brain where it is not visible in the dorsolateral view (c). This part of the map (medial to the line 
marked ‘brain midline’) has been folded out ‘flat’ for illustration purposes. 


be regarded as a smaller, less detailed mirror image of S-I. Thus, 
if mental allowances are made for the rotation of S-II, and its 
bending into fissures in some species, the distal digits and face 
all point ‘rostrally’ in both S-I and S-I. 

A quite different picture emerges when the detailed maps of 
S-I and S-II of the flying fox are considered (Fig. 2d). When 
the results are summarized as a homunculus (Fig. 16), the 
orientation and placement of the face and hindlimb remain 
basically the same as for other mammals. However, the relative 
placement of the forelimb is reversed so that the distal digits 
extend caudally in both cortical areas. The prominent claw of 
the thumb is at the caudal border of S-I, in contrast to its position 
at the rostral border of S-I in other mammals. Moreover, the 
ventral trunk under the wing is represented rostral to the wing, 
unlike its typical representation in other mammals. The dorsal 
trunk is sparsely represented, and in S-I the caudal and rostral 
portions are split into caudomedial and caudolateral cortical 
locations (Fig. 2d). Note that the usual mammalian position of 
the forelimb in S-I and S-II, relative to the other body parts, 
corresponds to the actual relationship of the forelimb to most 
other body parts in standing and feeding, while the relative 
position of the distal forelimb in the somatosensory representa- 
tion of the bat corresponds more closely to the postural relation- 
ship of the wing to other body parts. 

Figure 2 shows. an example of the electrophysiological 
evidence for the caudal location of the distal forelimb in S-I. 
S-I and S-II are in their usual locations relative to auditory and 
visual fields in the forebrain (Fig. 2c). Figure 2d summarizes 
the organization of S-I and S-II, showing the positions in the 
two representations at which microelectrodes encountered 
neurones with receptive fields located in the designated body. 
parts. A row of recording sites across S-I produced a progression”. 








in receptive field position from the ventral trunk to the wing of 
the arm and then distally to the wing of the metacarpal bones 
and fingers. These recording sites represent a small fraction of 
the 400 sites that were used to determine the organization of 
S-I in this animal. These data and those from the other bats are 
consistent with the conclusion that the distal forelimb rep- 
resentation of the bat is shifted caudally in S-I and S-II, com- 
pared with other mammals. 

Apart from alteration in the representation of the trunk, which 
may be related to the unusual location of the forelimb rep- 
resentation, other parts of S-I and S-I correspond to the basic 
mammalian pattern. As in other mammals, differing amounts 
of cortex are related to different body parts. For example, a 
considerable amount of cortex is devoted to the hairs of the 
face, which are important sensory organs in bats and most other 
mammals. The free first digit of the wing is well represented, as 
is the anterior wing or pro-wing (the part of the wing that would 
most often encounter objects). The representation of the 
forelimb and associated wing membrane constitutes over one- 
fifth of S-I, a proportion similar to that found in Microchirop- 
teran bats’. 

In common with many other mammals, bats have several 
sensory. representations in the cortex. Besides S-I and S-H, we 
obtained clear evidence for a third somatosensory representation 
caudal to S-I. The organization of this field was not fully deter- 
mined because it was not reliably driven, and it appeared to be 
quite sensitive to anaesthesia. The auditory cortex contained at 
least two representations of tone frequency. Anatomically 
revealed projections from the primary visual cortex, V-I, indi- 
cated at least two additional visual area: V-II and a visual area 
in more temporal cortex. Our finding of multiple representations 
of the senses in the cortex of a Megachiropteran bat follows a 
wealth of data on multiple representations in the cortex of 
advanced mammals; analogies with these studies suggest that 
the bat has a moderately advanced brain. 

We have shown that the placement of the distal forelimb is 
altered in S-I and S-II of bats; this may help to elucidate the 
constraints that determine the location and orientation of body 
parts in somatotopic maps. In view of the recent evidence that 
the nervous system of the owl has a ‘computational’ map of 
auditory space which can be obtained only indirectly from the 
sensory periphery, as the latter is tonotopic but not spatiotopic’, 
it seems possible that one such constraint is the need to maintain 
an appropriate relationship between different brain maps of 
extrapersonal space. If the relationship between the somatotopic 
map and other brain maps of extrapersonal space has been 
constrained during phylogeny or ontogeny to depend on the 
habitual spatial orientation of the animal’s body, this may 
explain the reversed representation of the bat’s limbs and digits, 
as these are caudal to the head during flight or above it during 
rest, in contrast to most other mammals in which the forelimb 
is used under, or in front of, the head. 
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It has been proposed that three major receptor subtypes subserve 
the putative transmitter role of glutamate and aspartate in the 
mammalian central nervous system., One subtype is classified by 
the specific agonist N-methylaspartate (NMA)'~ and the specific 
antagonist 4-amino-2-phosphonovaleric acid‘. It has been shown 
recently that excitation of neurones by NMA is also selectively 
reduced by dissociative anaesthetics such as ketamine and phencyc- 
lidine** and by sigma opiates’, drugs of abuse with common 
psychotomimetic properties*°. Responses to NMA have an unusual 
voltage relation'*'' which may result from a voltage-dependent’ 
block of the activated channel by physiological concentrations of 
magnesium'?~'*, No synaptic potential with properties similar to 
those of responses to NMA, however, has yet been reported. We 
describe here an excitatory postsynaptic potential (e.p.s.p.) evoked 
by electrical stimulation of the white matter and recorded intracel- 
lularly from pyramidal cells in slices of rat somatosensory cortex. 

This e.p.s.p. has the appropriate voltage relation and sensitivity 
to Mg?* and ketamine to be an NMA receptor-mediated synapse 
and a potential central site for the psychotomimetic actions of 
ketamine. 


Recordings were first obtained from coronal slices of cortex, 


maintained in standard medium containing 1 mM Mg’. Cells 
(n = 37) were selected according to the following criteria. They 
maintained resting membrane potentials (RPs)>—75 mV, 
action potentials >70mV with overshoots of 10-30 mV and 
thresholds 15-30mV positive to RP, and input resistances 


apparently larger when measured with depolarizing than with ` 


hyperpolarizing pulses. Depolarizing pulses evoked slow 


depolarizations that elicited fast spikes. These properties are. 


similar to those reported previously for cortical neurones in 
vitro'*-'*. The cells could be activated antidromically from the 


corpus callosum, indicating that they were pyramidal cells. Full ` 


somatic invasion by the antidromic spike was, however, achieved 
only when the cells were depolarized by 20-30 mV. All recorded 
cells were 100-300 um from the pial surface. 

Electrical stimulation of the ipsilateral callosum with low 
stimulus strengths (0.2 ms; <10 V) evoked a small, long-latency 
€.p.s.p. whose voltage relation differed from those of p.s.ps 
reported previously in that it increased in both amplitude and 
duration as the membrane was depolarized and decreased as 


the membrane was hyperpolarized from RP (Fig. 1). In 16 cells, = 


it was possible to evoke such an e.p.s.p. alone; in others, it 
appeared as a component of a more complex postsynaptic 
response. Repetitive stimulation (1-2 Hz) of the callosum 
resulted either in no change in the amplitude of the low- 
threshold e.p.s.p., or in a small diminution. As described 
; 19,20 . * . : * 
previously °“ , stimulation of the callosum with higher stimulus 


strengths (0.2 ms; <30 V) led to a complex series of p.s.ps, - 


lasting > 100 ms. Typically, a large, short-latency e.p.s.p., which 
decreased in amplitude as the membrane was depolarized, was 
followed by one or more inhibitory potentials that were negative- 
going at membrane potentials 10-20 mV positive to RP. 

All cells tested (n = 15) depolarized in response to pulses of 
NMA (l-4 s, 40-100 nA). These responses decreased in ampli- 
tude with hyperpolarization (Fig. 1), as observed in studiés of 


the responses of other neurones to NMA'®!'. In contrast, . 


responses to glutamate showed a more conventional voltage 
relation (Fig. 1). 
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. Fig. 2. _Ketamine-induced blockade 
of both the low-threshold e.p.s.p. and 
responses. to NMA. Intracellular 
recordings from a cortical neurone. 
: Top record, repetitive stimulation of 
the corpus ‘callosum (A) in the 
absence of extracellular Mg”* leads 
to: potentiation of the e.p.s.p. and a 
plateau depolarization. A 100-nA 
eurrent. of . ketamine blocks the 
response completely, despite con- 
tinued stimulation, and the cell 
slowly. repolarizes.. Middle record, 
continuation of the top record after 
3 min continuous stimulation, show- 
ing reversal of ketamine effects, 
potentiation of the e.p.s.p. and, on 
cessation of the stimulation, slow 
repolarization .of. the: cell. Bottom 
records, left, response toa 2-s, 70-nA 
ejection. of NMA (E) is -totally 
< blocked by, a 30-s-. ejection of 
“ketamine, 100-nA (second record). 
After 4min (third record) partial 
reversal of the ketamine effect is seen 
-oand reversal is complete after 5 min 
(fourth: record). Final record shows 
that removal of extracellular Mg** 
-Jeads to an. increase in the response 
of this cell to NMA. 
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Fig. 1 Removal of extracellular Mg’* changes the voltage rela- 
tions of the low-threshold e.p.s.p. and responses to: NMA. In the 
presence of | mM Mg”*, low-threshold e.p.s.ps evoked in cortical 
neurones by stimulation of the corpus callosum (A) (a) and 


_ responses to iontophoretic pulses of NMA (0) (e) decrease in 


amplitude with membrane hyperpolarization. In contrast, in the 
absence of Mg’*, low-threshold e:p.s.ps (b) and NMA responses 
(d) increase with hyperpolarization. Responses to glutamate 
increase with hyperpolarization even in the presence of Mg” (e). 
Recordings in b, c and d are from the same neurone. Note the 
different time scales in a and b and for responses to NMA and 
glutamate in c In d the NMA current is smaller, but the response 
is larger than in c 

Methods. Intracellular recordings were obtained from coronal 
slices of somatosensory cortex 400 pm thick, from young adult 
male rats (n = 15). Slices were cut using a Vibroslice, transferred 
to the slice chamber (modified from ref. 24) and maintained at 
35 °C at the interface between artificial cerebrospinal fluid (124 mM 
NaCl, 25.5 mM NaHCO,, 3.3 mM KCI, 1.2 mM KH,PO,, 2.5 mM 
CaCl, 10mM MgSO,, 10mM D-glucose) and warm humidified 
gas (95% O,/5% CO,). Flow rates. were about 0.2 ml min™', bath 
volume 0.2 ml. Recording electrodes were 3M. K-acetate-filled 
glass micropipettes of tip resistance 60-120 MQ. A preamplifier 
with conventional bridge balance and current injection facilities 
allowed the membrane potential to be changed. The corpus cal- 
losum was stimulated. using a bipolar electrode made from twisted 
50-um insulated Ni/Cr wire. N-methyi-p,L-aspartate (NMA, 
200 mM, pH 8), ketamine (50.mM in 150mM NaCl, pH 4) and 
glutamic acid (200.mM, pH 8) were ejected from a multi-barrelled 
pipette which also included a balance barrel (150 mM NaCl). This 
pipette was placed close to the tip of the recording electrode and 
positioned to give the best response of the recorded cell to NMA. 


a Raa Ketamine 100A aerate 


KANNAN 


RP-78mVv 


AMARA z 


VidhhhdihbhidsdkiihkákdddhikbikdikhádbáákdAibAhhAhAbbhAAhAAAAAAAAAAALALLALBALAL 


OMg 


auauua Asaa 


ibbiákkidákdddiddáááżdáábáśááábááááááákáákááákááábáá 


H 
y20mv 


2s 



















































As Me*” modifies the action of NMA!) these tests were 
repeated in Mg’‘-free medium. Within 25-60 min of the 
changeover, low-threshold e.p.s.ps were measurably larger in 
amplitude and duration. Repetitive stimulation resulted in a 
further potentiation of this response, a depolarization plateau 
(Fig. 2) and, in some cells, bursts of slow potentials, ~20 mV 
in amplitude and 40 ms in duration, each of which evoked a 
burst of fast spikes. Potentiated e.p.s.ps could still be evoked 
several minutes after termination of repetitive stimulation. 
Similarly, depolarizing responses to NMA were increased in 
amplitude and duration in Mg**-free medium (Figs 1, 2), so 
much so that it was usually necessary to decrease the NMA 
dose to prevent large sustained depolarizations. 
The voltage relations of both the low-threshold e.p.s.p. and 
the response to NMA were also affected by the removal of 
extracellular Mg”*. These responses now increased in amplitude 
with hyperpolarization (Fig. 1). All changes induced by the 
removal of Mg** were reversed within 10-15 min of its re- 
introduction. Neither the complex p.s.p., the response to 
intracellular current injection nor the response to glutamate 
were substantially affected by the removal of Mg’*. 
+o, Ketamine (40-100-nA for 5-305) greatly reduced the responses 
‘of cortical neurones to NMA (Fig. 2), but not to glutamate, in 

` both 1 mM Mg**-containing and Mg’*-free medium. The same 
doses of ketamine also reduced the low-threshold e.p.s.p. and 
prevented its potentiation. Even established plateau depolariza- 
tions were blocked by ketamine (Fig. 2), although high-threshold 
p.s.ps were unaffected. These effects of ketamine were reversed 
2-5 min after terminating its ejection (Fig. 2). In a further five 
cells, the competitive NMA antagonist 4-amino-2-phos- 
phonovaleric acid also selectively reduced responses to NMA 
and the low-threshold e.p.s.p. 

The similarity between the properties of the low-threshold 
€.p.s.p. and the depolarization elicited by NMA, both in their 
unusual voltage relation and in their sensitivity to Mg?” and 
ketamine, are consistent with a role for NMA receptors in the 
synaptic activation of cortical neurones. The unusual voltage 
relation in the presence of Mg** and the sensitivity of the 
responses to Mg’* could be explained by the voltage-dependent 
block by Mg”* of the activated channel proposed by Nowak et 
ai.’ and Mayer et al.'*, At membrane potentials negative to rest, 

» the block would be powerful and responses much reduced. With 
depolarization, the block would decrease and responses increase 
in amplitude. On removal of Mg**, the underlying, conventional 
voltage relation of the channel would be revealed and responses 
would increase progressively with hyperpolarization. Although 
amino acids have been implicated in synaptic transmission**', 
this is the first intracellular study clearly linking NMA receptors 
and synaptic excitation. Manipulation of membrane potential 
and Mg** levels in vitro may reveal similar e.p.s.ps in other 
brain areas. 

Reduction of such cortical e.p.s.ps may contribute to the 
behavioural effects of ketamine and other dissociative anaes- 
thetics, since the effects of NMA are blocked in vivo by doses 
of ketamine below those required for anaesthesia’ but similar 
to those that induce. psychotomimetic effects in man®?* and 
delirium in animals’. The potency of dissociative anaesthetics 
and sigma opiates relative to phencyclidine in behavioural tests 
correlates well with their potency as selective NMA antagon- 
ists”. Further studies will be required to assess the implications 
of these results with respect to the psychotomimetic effects of 
systemically active NMA antagonists. 

This work was supported by the E. P. Abraham Fund and 
the MRC. Ketamine was a gift of Warner-Lambert, UK Ltd. 
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When normal quiescent (Go) cells are stimulated by mitogens to — 
enter the cell cycle, the metabolic derepression which occurs’ is’ 
similar in a variety of cells. The mechanisms initiating these’. 
responses and their relationship to subsequent progression through 
G, to DNA synthesis in S phase, however, are generally undefined. 
The clearest evidence has been obtained in sea urchin eggs’, where 
fertilization by sperm causes a rapid, transient increase in the 
concentration of free cytoplasmic Ca?* ({Cal,), followed by a 
sustained increase in cytoplasmic pH (pH,). It has been demon- 
strated clearly that these ionic responses are obligatory for pro- 
gression to DNA synthesis by the normal pathway after fertiliz- 
ation, although the Ca”* signal can be bypassed by parthenogenetic 
agents which elevate directly pH; (for example, NH] ions)’. These 
observations raise the questions of whether other eukaryotic cells 
show the same sequence of ionic responses when stimulated by 
mitogens and whether such signals are an obligatory component 
of their mitogenic pathways. We show here that a common sequence 
of [Ca], and pH; responses occurs in both quiescent mouse thy- 
mocytes and Swiss 313 fibroblasts stimulated by appropriate 
mitogens. Furthermore, ‘opportunistic’ mitogens (those that do not 
act on the cells in vivo, such as concanavalin A (Con A)", the. 
Ca? ionophore A23187'' and 12-0-tetradecanoyl phorbol 13- 
acetate CTPA)'”'*) that are mitogenic for both mouse thymocytes 
and 3T3 fibroblasts'*, each produce characteristic ionic responses 
that are the same in both types of cell. 

Previous studies on freshly isolated thymocytes and lym- 
phocytes have shown that a 1.5-2-fold increase in [Ca], occurs 
within 1-2 min of addition of ligands which cross-link mitogen 
receptors on the cell surface (for example, Con A!'516, 
phytohaemagglutinin’®, anti-immunoglobulin antibody” and 
the monoclonal antibody UCHT 1, ref. 18). In thymocytes 
stimulated by mitogenic concentrations of Con A, this Ca?* 
signal declines slowly over 24h'?. However, we have noted 
previously that, in freshly isolated thymocytes, there is a popula- 
tion of cells in S phase which is highly active metabolically, 
consistent with previous reports for related cell systems*°. When 
the cells are loaded with quin 2 (ref. 21), the fluorescence signal 
is weighted in favour of the active cells, which are ~10-fold 
larger in volume than the quiescent cells. We therefore re- 





* Present address: University of Cambridge, Department of Pharmacology, Hills Road, 
Cambridge CB2 2QD, UK. 
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Fig. 1 Changes in free intracellular Ca?* ([Ca],).in mouse thymocytes and Swiss 





3T3 fibroblasts following the addition of mitogens. a, Con A (1 yg mi™') added 
as indicated to quiescent thymocytes in: @, BSS ((Ca], = 0.43 mM); O, BSS with 
ImM EGTA ([Ca]}, <l pM). The dashed curve shows the corresponding 
response of freshly isolated thymocytes in BSS. b, NaN, (10 mM) followed by 
Con A (1 pg m7!) to quiescent thymocytes in BSS. c, @, Con A (1 pg mit) 
added alone as indicated to quiescent thymocytes in BSS; A, Con A (1 pg m7!) 
added 10 min after TPA (10nM): A, Con A (1 pgmil7’) added 10min after 
8-bromo-cyclic AMP (10 mM). d, ConA (2 ug mi ') added to 3T3 fibroblasts 
in medium B. e, EGF (12 ng mi~’) added to 3T3 fibroblasts in medium B (@) 
or in medium B with 1.5mM EGTA ([Ca]} <1 pM) (©). £. @, Successive 
additions of VP (10 ng mi~') to 3T3 fibroblasts in medium B; ©, VP (10 ng mi~’) 
added to cells in medium B immediately after addition of 1.5 mM EGTA 
([Ca],<1M). g, @, Successive additions of PGF,, (100 ng/ml~') to 3T3 
fibroblasts in medium B. 

Methods. Cell preparation. Thymocytes from BALB/c mice were prepared in 
RPMI 1640 medium buffered with 10 mM Tris, 24 mM NaHCO,, pH 7.3, washed 
twice by centrifugation (250g, 3 min) into fresh medium, incubated with con- 
tinuous stirring at 20 x 10° ml~! for 16h at 37°C in air/CO, (19:1) and washed 
twice by centrifugation into Earle's balanced salts solution buffered with 10 mM 
HEPES, pH 7.3 (BSS). Swiss 3T3 fibroblasts were grown in Dulbecco's modified 
Eagle’s medium (DMEM, Gibco) supplemented with 5% newborn calf serum, 
5% fetal calf serum (Gibco), 44 mM NaHCO,, 100 U mi~’ penicillin, 100 pg ml! 
streptomycin and 0.25 ug ml”! Fungizone (Gibco) (medium A) in a humidified 
atmosphere of air/CO, (9:1) at 37°C. Cells (6x 10°) were seeded onto 0.4g 
Cytodex | microcarrier beads (Pharmacia) and grown to confluence in 4-6 days 
in 200 mi of medium stirred continuously at 50 r.p.m. Before determination of 
[Ca], and pH,, samples of the bead culture were incubated for 24 h in serum-free 
medium A. Intracellular indicator loading and [Ca]; measurement. Thymocytes 
(20 x 10° mI7!) were incubated at 37°C for 45min in BSS containing 2 pM 
3H-quin 2 acetoxymethyl ester ?H-quin 2-AME, 5.4Cimol”', ref. 15) before 
washing and suspension at 6 x 10° ml”! in BSS for fluorescence measurements. 
Confluent 3T3 cells attached to Cytodex | microcarrier beads were allowed to 
settle under gravity (2 min), washed once in medium B (119mM NaCl, 5mM 
KCl, 25 mM PIPES, 5.6 mM glucose, | mM CaCl, 0.4mM MgCl, 0.1% BSA, 
pH 7.2) and resuspended in 5 ml of medium A (~0.02g Cytodex 1 beads) 
containing 10 pM *H-quin 2-AME. The suspensions were then incubated on a 
rotary mixer (2 r.p.m.) for 45 min at 37 °C, washed twice and suspended in 1.5 ml 
of medium A for fluorescence measurements in a 1 cm quartz cuvette (3 x 10° 
cells) at 37 °C in a Perkin Elmer 44B spectrofluorimeter with continuous stirring. 
The hydrolysis of intracellular *H-quin 2-AME was confirmed by the shift in 
emission maximum from 435 nm to 492nm for quin 2 (excitation wavelength 
339 nm) and [Ca], was calibrated and corrected for external quin 2 as described 
previously for thymocytes’? and fibroblasts**. The data points in all figures are 

calculated from the traces of fluorescent intensity, integrated over $ s. 
































examined the Ca** signal in thymocytes allowed to become 
quiescent over 12-18 h before loading with quin 2 and adding 
Con A. 

The Ca’* signal in the metabolically quiescent cells had a 
“large transient component which rose to ~250nM and then 
-declined over 10-15 min to a steady level comparable with the 
persistent Ca?* signal observed in freshly isolated cells (Fig. 
1a). In quiescent cells, immediately after the removal of extracel- 
lular Ca** ([Ca], <1 pM) by the addition of EGTA, a smaller 
transient Ca** signal was observed in response to Con A declin- 
ing back to the initial [Ca], over 6-8 min (Fig. 1a). This transient 
signal must be derived from Ca’* in an intracellular pool, and 
` js diminished after prolonged exposure to low [Ca],. The charac- 
teristic features of Ca** release from an intracellular pool, that 
_is, a transient Ca?” signal followed by rapid return to the initial 
[Ca]; level, were observed also in quiescent thymocytes treated 
with 10mM NaN; (Fig. 1b), which reduces the cellular ATP 
level by 75% (ref. 22). No Ca?” signal was observed subsequently 
- in these. cells in response to Con A (Fig. 1b, see also ref. 23). 
The Ca** signal in metabolically quiescent cells therefore seems 
to consist of a transient component derived from Ca** in an 
intracellular pool and a persistent component which we show 
elsewhere can be attributed to the inhibition by Con A of Ca** 
efflux across the plasma membrane. 12-0-TPA (10 nM) had little 
effect on [Ca] in quiescent cells or on the transient Ca’* signal 


in response to Con A. Addition of 8-bromo-cyclic AMP 
(10 mM), which inhibits mitogenic stimulation of thymocytes, 
markedly decreased the transient [Ca], response to Con A (Fig. 
Ic). 

We have shown recently” that in quiescent Swiss 3T3 fibrob- 
lasts loaded with quin 2, some mitogens cause a rapid transient 
increase in [Ca], (see also refs 25, 26). Figure 1d-f shows the 
rapid Ca** signals that follow addition of Con A or of the other 
fibroblast mitogens epidermal growth factor (EGF), vasopressin 
(VP) or prostaglandin F,,, (PGF>,,). These signals were transient 
and [Ca], usually returned to a stable value +20% of resting 
[Ca], (153+8 nM, s.e.m.; n=25) within 4 min of addition of 
mitogen. Repeated additions of a single agent at optimal 
mitogenic concentrations gave very small Ca’* transients after 
the first addition. Mitogenic concentrations of TPA (10 nM), 
8-bromo-cyclic AMP (10 mM) or insulin (1 pg mi~’) did not 
increase [Ca], over 10 min. TPA (10nM) abolished the Ca** 
signal in response to EGF (Fig. 3c), but had only small effects 
on the Ca** signal in response to VP or PGF, and higher TPA 
concentrations (>20nM) were required to antagonize these 
Ca** signals. 8-Bromo-cyclic AMP and insulin had no significant 
effect on the Ca?* signal in response to any mitogen. 

Reduction of [Ca], to <1 uM by the addition of | mM EGTA 
immediately abolished the Ca?“ transient in response to EGF ` 
(Fig. ie), although it did not block either the pH, response (see 












Fig. 2 Changes in cytoplasmic pH (pH,) in mouse thymocytes 
and Swiss 3T3 fibroblasts following the addition of mitogens. a, 
@, Con A (I pg mi!) and TPA (10 nM) added to quiescent thy- 
mocytes in BSS+2.5mM NaHCO: the dashed line is the Con 
A-induced [Ca]; response. b, @, A23187 (100 nM) and TPA (10 nM) 
added to quiescent thymocytes in BSS. c, TPA (10 nM) and Con 
A (Lg ml!) added to quiescent thymocytes in BSS (@) and in 
Na*-free BSS (containing 120mM choline chloride and 2.5 mM 
KHCO;)) (©). d, @, VP (10 ng ml~') added to 3T3 fibroblasts in 
medium B+2.5mM NaHCO;: the dashed line is the VP-induced 
[Ca], response. e, Con A (2 pg ml~') and TPA (10 nM) added to 
3T3 fibroblasts in medium B+2.5 mM NaHCO, (@) and in Nat- 
free medium (medium B containing 119 mM choline chloride and 
2.5mM KHCO) (©). f, @, A23187 (100 nM) and TPA (10 nM) 
added to 3T3 fibroblasts in medium B; O, A23187 (100 nM) added 
to cells in medium B with 1.5 mM EGTA ({Ca], <1 pM). 

Methods. Thymocytes and 3T3 fibroblasts attached to microcarrier 
beads were loaded with BCECF acetoxymethyl ester (BCECF- 
AME)” by the methods described in Fig. | legend for 7H-quin 
2-AME except that the media were supplemented with 2.5-mM 
NaHCO, and the incubation was with 144M BCECF-AME for 
20 min. For BCECF-AME the spectral shift on hydrolysis is less 
pronounced (excitation maximum wavelength 480-505 nm; 
emission wavelength, 530 nm) and hydrolysis of this indicator was 
normally confirmed by obtaining the alkaline pH, transient induced 
by the addition of 10mM NH,Cl to the medium'*. The pH, 
indicator. BCECF was calibrated by permeabilizing the cells with 
0.002% Triton X-100 and measuring fluorescence intensity as a 
function of the pH of the medium, titrated with HCI or Tris. 
Alternatively, the beads were allowed to sediment and the medium 
replaced with depolarizing medium (medium A but with 150 mM 
KCI substituted for NaCl and pre-warmed to 37°C) containing 
24M of the K*/H* ionophore nigericin. This approximately 
equilibrated the medium pH and pH; (7.01), enabling the fluores- 

cence signal to be calibrated as above. 


. below) or binding and endocytosis of EGF. It is therefore likely 
: that the Ca* for the transient signal in response to EGF is from 
the external medium. In cohtrast, reducing [Ca], to <1 uM had 
only small effects on the Ca?* signal in response to any of the 
` ‘other ligands (shown for VP in Fig. 1c). Most of the Ca?* for 
» these transient signals is therefore derived from intracellular 
Ca** pools. At higher EGTA concentrations that caused a net 
loss of Ca** from the cells and decreased [Ca], to <30 nM after 
1 h, the Ca** transient responses to VP and PGF, were reduced 
substantially. 

Taken together, the data for quiescent thymocytes and fibro- 
blasts show that both types of cell generate a transient Ca?* 
signal in response to mitogenic concentrations of Con A, and 
that similar Ca?* signals are generated by some of the receptor- 
specific mitogens which act on fibroblasts. The transient Ca** 
< signals in both types of cell are independent of the extracellular 
Na* and K* concentrations in isotonic medium. The signals 
differ, however, in the extent to which they depend on [Ca],; 
the EGF signal is dependent entirely on [Ca], whereas for the 
other mitogens, most of the Ca” is derived from the intracellular 
pool, as shown previously in fertilized sea urchin eggs’. 
_Mitogenic concentrations of the Ca’* ionophore A23187 (20- 
40 nM)'* produced large Ca”* signals in both types of cell which 
were maintained for at least 30 min and were dependent on [Ca]. 

Although the various mechanisms by which the Ca”* signals 
are generated in thymocytes, fibroblasts and eggs remain to be 
established, there are clearly striking similarities between the 
signals in the different types of cell. This prompted the question 
of whether a pH; response occurs in thymocytes that have been 
allowed to become quiescent, corresponding to the pH, increases 
:. reported for fibroblasts””**. It was also of interest to compare 

the time courses of the two ionic signals in the same experimental 
conditions. When quiescent thymocytes loaded with the pH, 
indicators quene | (ref. 29) or 2',7'-bis(carboxyethyl)-5,6- 
carboxy fluorescein (BCECF)” were treated with Con A, there 
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was a delay of l-2 min before any detectable increase in pH; 
occurred (Fig. 2), and comparison with the time course of the: 
Ca** signal shows that the rise in [Ca]; precedes the pH; 
response. The pH; responses to A23187 (which causes a rapid 
increase in [Ca];) and to TPA (which has little effect on [Ca], 
in quiescent cells) are shown in Fig. 2b,c. Previous data using 
quene | or BCECF in freshly isolated thymocytes have shown 
no pH; responses to Con A”’”?. We re-examined the response 
in freshly isolated cells after finding a substantial pH; response 
in quiescent cells, and have detected marginal responses to Con 
A in some cell preparations and larger responses to TPA. This 
variability in the small pH, signal in freshly isolated cells can 
probably be attributed to variations in the proportion of active | 
cells in the population. ; 

Figure 2d-f shows the pH, changes in response to mitogens `: 
in samples of quiescent 3T3 cells loaded with: BCECF. The 
stable fluorescence signal from the cells before stimulation indi- | 
cates an intracellular pH of 7.01 +0.03 (s.e.m.; n = 30), in close. © 
agreement with the value obtained with 5,5-dimethy! © 
oxazolidine-2-4 dione (DMO) measurement”. Following addi- 
tion of Con A, EGF, VP, PGF,,, A23187 or TPA, a rise in pH; 
was detectable only after a few minutes and a stable pH, of 
7.14+ 0.03 is reached after 10-15 min. Insulin, when added either 
alone or following the EGF-induced pH, increase, induced a 
small but consistent increase of ~0.05 pH units. 8-Bromo-cyclic 
AMP, which is mitogenic for 3T3 fibroblasts, had no detectable 
effect on pH; over 15 min. Some combinations of mitogens which 
generate a pH; response separately gave approximately additive 
responses when added sequentially (Figs 2e, f, 3c). 

The pH; increase occurring with EGF is very similar to that 
described recently by Moolenaar et al.”* in early-passage human 
foreskin fibroblasts using BCECF at 30°C and to the response 
to platelet-derived growth factor (PDGF) in NR-6 cells’. The 
pH; responses reported here for 3T3 fibroblasts also provide 
direct confirmation of those detected by DMO partition 
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Fig.3 Effects of temperature and TPA on [Ca]; and pH; responses 
to EGF in Swiss 3T3 fibroblasts. pH; (@) and [Ca]; (O) were 
measured as described in Figs 1 and 2 legends. a, Addition of EGF 
(12ngmi7') at 37°C; b, at 30°C; œ TPA (10nM) and EGF 
(12 ng ml~') added at 37 °C as indicated. 


measurement after 1 h with either VP or PDGF at 37 °C 3! Note 
that much higher concentrations of A23187 Cl uM) which 
inhibit mitogenic stimulation of fibroblasts'* cause pH, n 
decrease, in agreement with the data of Moolenaar et al.”* 
therefore seems that the magnitude and time course of the A 
response in different types of fibroblast is very similar. 

In both thymocytes and fibroblasts, the pH; response was 
independent of [Ca], although in both types of cell Na* was 
required i in the extracellular medium (Fig. 2c,e), consistent with 
previous reports for 3T3 and human foreskin fibroblasts’””*. 
The response was maximal at ~5 mM and detectable at >1 mM 
Na*. We conclude that the pH response in thymocytes i is prob- 
ably generated by a Na*/H* antiporter, as in fibroblasts? >, 
These experiments demonstrate that agents which cause a 
a°" signal in either cell type (Con A and A23187) also generate 
a oH, signal, and the same relationship holds for the cell-specific 
mitogens which cause a Ca** signal in fibroblasts (EGF, VP 
and PGF2,)- The Ca** signal precedes the pH, signal, most 
clearly in the response of fibroblasts to EGF, VP, PGF, and 
Con A (see Fig. 2d), and detailed comparison of the time course 
of the two responses in the same cell preparations indicates that 
for all mitogens the rise in [Ca], can be detected before the rise 
“in pH. 

The observation that a pH; response invariably follows a Ca** 
“signal suggested that the pH; increase might be a direct con- 
sequence of the Ca’* signal. The two ionic signals do appear 
to be coupled when they are generated by A23187, as both the 
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ala , responses are blocked when [Cal], is reduced to 
<I uM (Fie. 2f). For all of the other ligands which generate 
both ionic signals in thymocytes or fibroblasts, however, the 
Ca** signal can be substantially diminished by prolonged incu- 
bation in low [Ca], without significant effect on the pH, 
response. In fibroblasts, the two signals in response to EGF can 
be uncoupled either by reducing the temperature to 30 °C (Fig. 
3a,b) or by lowering [Ca], to <1 pM, which abolishes the Ca** 
signal (Fig. |e) but not the pH; response. In contrast, both [Ca], 
and pH, responses to VP and PGF,,, are retained at 30°C. 
Further evidence that the ionic signals are not directly coupled 
(other than in response to A23187) is provided by the effects of 
combinations of mitogens. TPA (10 nM) blocks the Ca?” signal 
in response to EGF in fibroblasts, but the sequential addition 
of TPA and EGF gives approximately additive pH; signals (Fig. 
3c). Also, TPA, when added alone, causes the pH, increase in 
both cell types without a Ca” signal, suggesting that activation 
of protein kinase C** generates the pH, increase without a prior 
Ca** response, assuming that all actions of TPA at mitogenic 
concentrations (~10 nM) can be attributed to the activation of 
protein kinase C. 

The implication that the pH, and Ca?” signals can be generated 
independently in response to receptor-mitogen interaction is 
consistent with the suggestion that both [Ca], and pH, signals 
can be generated from phosphatidylinositol 4,5-bisphosphate 
(PtdIns(4,5)P,) breakdown to inositol 1,4,5-trisphosphate 
(Ins(1,4,5)P;) and diacylglycerol****. The Ins(1,4,5)P; can 
release intracellular Ca?” (ref. 36) and the diacylglycerol may 
activate protein kinase C** to cause the pH, increase. Indepen- 
dent modulation of the two products, Ins(1,4 5)P, and diacylgly- 
cerol (or of the responses to them), would allow the ionic signals 
to be generated independently. We note, however, that mechan- 
isms dependent-on PtdIns(4,5)P, breakdown are unlikely to 
account for the ionic responses to all of the ligands: for example, 
EGF generates both ionic signals in 3T3 fibroblasts without 
causing detectable PtdIns(4,5)P, breakdown (ref. 37). Further- 
more, EGF causes an additional increase in pH, after the 
maximal pH, response has been elicited by TPA, which strongly 
suggests that the pH; response to EGF is not caused by activation 
of protein kinase C. A systematic analysis of the relationship 
between the ionic signals, polyphosphoinositide metabolism and 
mitogenic stimulation will be described elsewhere. The available 
evidence suggests, however, that the ionic components of the 
mitogenic pathways in eukaryotic cells are highly conserved. 

We thank Dr Enrique Rozengurt for the provision of stocks 
of early-passage 3T3 fibroblasts. This work was supported by a 
grant from the SERC to J.C.M. and M.V.T. was the recipient 
of an MRC studentship. 
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Thy-1 is a differentiation marker expressed predominantly on 
thymocytes, T cells and brain tissue’. Its presence on murine 
peripheral T cells but not B cells has long been used to distinguish 
between these two populations of lymphocytes”. Although 
analogues of Thy-1 have been described in several mammalian 
species*, its tissue distribution in different species varies widely”, 
precluding its use as T-cell-specific marker. The Thy-1 molecule 
is a cell-surface glycoprotein of relative molecular mass 18,000, 
‘one-third of which represents carbohydrate’; the protein moieties 
of the rat and murine Thy-1 molecules’ have been sequenced and 
«found to consist of 111 and 112 amino acids, respectively. An 
unusual aspect of Thy-1 is the apparent absence of a hydrophobic 
segment comparable to that observed in other membrane gly- 
coproteins which would allow integration of Thy-1 within the 
membrane lipid bilayer. This has prompted speculation that Thy-1 
is anchored to the cell surface by some other hydrophobic com- 
ponent such as glycolipid. Here we report the structure of thy-1 
` complementary DNA and genomic clones and describe the exon- 
intron organization of the gene. More importantly, our data indi- 
cate that Thy-1 is initially synthesized as a molecule of 142 amino 
acids, 31 amino acids longer at the carboxyl end than the Thy-1 
molecule isolated and characterized by Campbell et al’'. An 
extremely hydrophobic region of 20 amino acids lies within this 
31-amino acid stretch and may represent the transmembrane seg- 
ment responsible for anchoring Thy-1 to the cell membrane. 
© We have previously isolated a rat thy-1 cDNA clone, pT64, 
which terminates prematurely at amino acid 103, preventing us 
from defining the carboxyl end of the molecule’*. Screening of 
a second rat thymocyte cDNA library using pT64 as a probe 
yielded an additional thy-1 cDNA clone, pT86. The DNA 
sequence of the insert (Fig. 1) encodes the entire 111 amino 
acids of the Thy-1 molecule previously obtained by conventional 
protein sequencing methods. Surprisingly, however, the reading 
frame encoding this sequence continues for an additional 31 
amino acids before reaching a termination codon (TGA). These 
31 amino acids contain an extremely hydrophobic stretch of 20 
amino acids (note the six consecutive leucine residues), which 
strongly resembles segments found in other membrane proteins. 
This unexpected observation prompted us to determine whether 
these extra 31 amino acids are also present in the normal thy-/ 
gene. 

A rat genomic library prepared in A Charon 30 was screened 
with the thy-! cDNA clone, and of several positive clones 
obtained, one was selected for further structural analysis. Its 
DNA sequence was determined starting ~ 100 nucleotides 5‘ to 
the initiation codon of the gene. By comparing the genomic 
sequence with the sequences of the two cDNA clones and 
performing 3’ S, nuclease mapping (data not shown), we 
deduced the intron-exon organization of the rat thy-/ gene. 

The coding sequence is distributed among three exons (Fig. 
2) the first one shown (actually the second exon of the gene, 
because an intron is present in the S'-untranslated part of the 
gene) encodes part of the 5’-untranslated region and the first 12 

-amino acids of the signal peptide. This is followed by an intron 
of 667 nucleotides, then another exon encoding the remainder 
of the.signal peptide and amino acids 1-105 of the mature Thy-! 
protein. Beyond this, there is then an additional intron of 402 
nucleotides and an additional exon encoding amino acids 106- 














4 ; : Se 
Gin Arg Val Ile Ser Leu Thr Ala Cys Leu Yal Asn Gin Ñ i 
A CAG AGG GTG ATC AGC CTG ACA GCC TGC CTG GTG AAC CAG AAC CTT 


20 30 
Arg Leu Asp Cys Arg His Glu Asn Asn Thr Asn Leu Pro Ile Gln His 
CGA CTG GAC TGC CGT CAT GAG AAT AAC ACC AAC TTG CCC ATC CAG CAT 


ao 
Giu Phe Ser Leu Thr Arg Giu Lys Lys Lys His Val Leu Ser Gly Thr 
GAG TTC AGC CTG ACC CGA GAG AAG AAG AAG CAC GTG CTG TCA OGC ACC 


50 60 
Leu Giy Val Pro Glu His Thr Tyr Arg Ser Arg Val Asn Leu Phe Ser 
CTG GGG GTT CCC GAG CAC ACT TAC CGC TCC CGC GTC AAC CTT TTC AGT 


70 
Asp Arg Phe Ile Lys Val Leu Thr Leu Aia Asn Phe Thr Thr Lys Asp 
GAC CGC TTT ATC AAG GTC CTT ACT CTA GCC AAC TTC ACC ACC AAG GAT 
Ava II 


80 90 
Glu Gly Asp Tyr Met Cys Glu Leu Arg Val Ser Gly Gin Asn Pro Thr 
GAG GGC GAC TAC ATG TGT GAA CTT CGA GTO Teg GGE CAG AAT CCC ACA 
Ava I 


100 110 
Ser Ser Asn Lys Thr Ile Asn Val Ile Arg Asp Lys Leu Val Lys Cys 


asc, TCC AAT AAA ACT ATC AAT GTO ATC AGA GAC AAG CTG GTC AAG TGT 
iu I Sau 3 


420 
Gly Gly Ile Ser Leu Leu Val Gin Asn Thr Ser Trp Leu Leu Leu Leu 
GGT GGC ATA AGC CTG CTG GTT CAA AAC ACT TCC 


330 180 
Leu Leu Ser Leu Ser Phe Leu Gin Ala Thr Asp Phe Ile Ser Leu * 
Sse x T TGA 
CTGG" AAGGAGAA ACAGGAAACC TCAAGGTCTG CTGAAGAGGT CTTGCTTC 
au 963 


TE CCOGTCAGCT GACTECCTCC CCAAGACCTT CAAATATCTC AAAACGCGGG GAGAA 
Hinf I 


ATGG 


Fig. 1 Nucleotide sequence of the cDNA insert of pT86 and the 
predicted amino acid sequence of the complete rat Thy-! antigen. 
The cDNA library was constructed using mRNA from W/Fu rat 
thymocytes as described previously'”. One hybridization-positive 
clone (pT86) was isolated from ~ 10,000 colonies using the entire 
Pst insert of the first thy-1 clone, pT64, as a probe. A restriction 
map was constructed based on the size of DNA fragments obtained 
after restriction endonuclease digestion. The entire DNA of pT86 
was cleaved at selected sites with restriction endonucleases (BRL) 
and fragments corresponding to the insert were purified by acry- 
lamide gel electrophoresis and electroelution. Purified fragments 
were treated with calf intestinal alkaline phosphatase (Boehringer), 
*2P_labelled at both 5’ ends with T4 polynucleotide kinase plus 
[y-*P]ATP as described previously’? and cleaved secondarily to 
generate subfragments with only one labelled end. The restriction 
enzyme sites shown and both PstI sites are those that were labelled 
at the 5’ end. The subfragments were separated by acrylamide gel 
electrophoresis, electroeluted and subjected to partial chemical 
degradation sequence analysis as described by Maxam and Gil- 
bert'*. Both strands of the insert cDNA were sequenced. The 
hydrophobic 20-amino acid segment is underlined and the termina- 
tion codon is indicated by an asterisk. 


142 plus the termination codon, TGA. Two polyadenylation 
signals, AAUAAA, are located 569 and 1,055 nucleotides, 
respectively, downstream from the termination codon, although 
only the latter one is actually used for polyadenylation. Thus, < 
the sequence of the rat thy-/ gene is perfectly consistent with 
the cDNA sequence and strongly suggests that rat Thy-1 is 
synthesized initially as a polypeptide of 142 amino acids rather 
than 111 amino acids. We have recently isolated and sequenced 


the mouse and human thy-/ genes and find that both also contain =" 


an additional 31 amino acids at the carboxyl end (T.S. et al., 
manuscripts in preparation). 

To eliminate the possibility of a second thy-1 gene encoding 
a molecule of 111 amino acids or differential processing of a 
thy-] nuclear transcript which would give rise to a second 
messenger RNA encoding a Thy-| molecule of 111 acids, 
Southern and Northern blots were performed. The Southern 
blots (Fig. 3) indicate the presence of a single thy-/ gene in 
both the rat and mouse genome. Similarly, Northern blots (Fig. 
4) demonstrate the existence of a single mRNA species of ~1.85: 
kilobases (kb) in brain and thymus tissue. This mRNA hybrid- 
izes to a nick-translated DNA fragment corresponding to amino 
acids 106-142 of the Thy-1 molecule (data not shown) and thus 
includes the extra 31 amino acids observed in the cDNA and 
genomic clones. There is no evidence for a second smaller 














































4 
Met Asn’ Pro Val Ile Ser [le Thr Leu Leu Leu Ser Yo i $ 
CTOCACACCCAGGACCGAGCTATTOGCACC ATG AAS CCA GTC ATC AGC ATC ACT CTC CIG CIT Tca G GTACTGSGCAAGOGTCARGGCTGGCATICTAGE 100 


OCATCTGOCTTCCTCCCOTCTGOCGAAGTAGCCTCTTTGCAATAGTCTCAGACACTCGOGTGACTOGGAGTOTGGGGGCGAGCCTCAACCTCACTGATCACCTOCTOGTOGTGG au 
TCTTTGACATATTGGAAATTCCATACTOGA TCTAAGAACTCCTCTIGC TOGGT GGT GGT GGT GGTGCACACCTTTAATCCCAGCACTTAGGAGGCAGAGTCAGGTGGGTCTGTA 328 
AGITTGAGGCCAACCTOGTCTACAGAGTGAGTICCAGGATATCCAGAACTGTTIGC AAGACAAAGAAACCCTTTCTIGAAAAACCATTTAAACACAAACACACACACACACACA 442 
CACACACACAGACATICTCTCTCTCTCIOTCTCTCTC TCTCTCTCTCTETE TCTCTCTCTCTOTCTC TC TCTCTCTCTCTC TC TCCTC ICT TGC TCTCCTGT IC TIGR AACACA 556 
TIGTIGGOCCCCAGAACTTCACTAGATTAGA TOGA AATTGA AGGTGGOT AGAACATCCCACCAATACCCCAGGGA TGA GTC AAAGC TIGGAATCCTCCCAAGTCAAGTTTACTT 670 
-7 -F 1 

al Leu Gin Met Ser Arg Gly Gin Arg Yal Ile Ser Leu 
TOCTECAGGTGGGAGGCCCCTAGTCTGTCTCTCCCCCAATTCAGAGAAGACACTOCTGTGCCAG TC ITO CAG ATG TCC CGA GGA CAG AGG GTG ATC AGC CIG 772 


Thr Ala Cys Leu Val Asn Gin Asn Leu Arg Leu Asp Cys Arg His Glu Asn Asn Thr Asn Leu Pro Ile Gin His Glu Phe Ser Leu 
AGA GCC TGC CTO GTG AAC CAG AAC CTT CGA CTG GAC TGC CGT CAT GAG AAT AAC ACC AAC TTG CCC ATC CAG CAT GAG TIC AGC CTG 


859 
thr arg Glu Lys Lys Lys His Val Leu Ser Gly Thre Leu Gly Val Pro Glu His Thr Tyr Arg Ser Arg Val Asn Leu Phe Ser Asp Fig. 2 Nucleotide sequence of the 
ACC CGA GAG AAG AAG AAG CAC GIG CTG TCA GGC ACC CTG GGG GIT CCG GAG CAC ACT TAC CGC TCC COC GTC AAC CTT TIC AGT GAC = 946 £ aS 
rat thy-] gene. A genomic library was 
Arg Phe Ile Lys Val Leu Thr Leu Ala Asn Phe Thr Thr Lys Asp Glu Gly Asp Tyr Met Cys Glu Leu Arg Val Ser Gly Gin Asn prepared in the A vector Charon 30 
CC ACC AAG GAT GAG GGC GAC TAC ATG IGT GAA CIT CGA GTC TCG GGG CAG AAT 1033 : i as 
using a partial Mbol digest of rat 
105 thymus DNA. The isolated gene was 


Pro Thr Ser Ser Asn Lys Thr Ile Aan Val Ile Arg A x 
ECC ACA AGC TCC AAT AAA ACT ATC AAT GTG ATC AGA G GTGAGACTGGTCCTCCGAAAAATGGAAGGTCCAGGTTAGCCAGTCCGGGGTAGCCAATGGGCCT 1434 sequenced according to Maxam and 


Gilbert’. The underlined portions 


represent the exons deduced from 
GGATCAAGGGCCAGATAGAGAGAGCTTOCAGTAAAAAATACAGCTGAGGACACTGC AAATGGGAAAGGTGGTAGCATGGCCGGCTCTIGCAGTGTAGAGGTICTGTTACACCAT 1362 the cDNA sequences and the 3S, 


GTAAAACAACAGGCAGCTCCCGA TAGCCAGGCCTGAGGGT AGAGGAATGC TC TAGCCATAACTGC TGGTCCCCTTGGGAACCGCTGCCCTCTOTGTGAGCGGGTGGGGTOGEGG 1248 


106 nuclease mapping. The protein 
7a Sequence is numbered from —19 to 
~} (signal peptide) and 1-142. The 
two polyadenylation signals at 
1561 nucleotide positions 2,154 and 2,641 


Sp 
: CAGGTGGAGC TGC TAAGACATCAAAAAGCACCAGCTCTCTCCCTIGAACAGTCTTTGCCAGCCTGAGTC TGA TCTCCCTGCCTCCCGGT TGGTACCCCTICTCTCCACAG AG 


WwW 
Lys Leu Val Lys Cys Gly Gly Ile Ser Leu Leu Val Gin Asn Thr Ser Trp Leu Leu Leu Leu Leu Leu Ser Leu Ser Phe Leu Gin 


142 are indicated by double lines. 
Ala Thr Asp Phe Ile Ser Leu +e ee Asterisks indicate the termination 
amare : å f ‘ i codon. 
1781 
1895 
2009 
2123 


TGTATCACCGAAGAAGGGCCAGGGCACACTCAATAAAGATGCAGGTCCAGCCAGGGAATGTTGOGGAAAGGGGTAGGAGGTCAGGGACAGATCACCCCCCCCCTCTARAACATS 2237 
ATCCTOCTATTTCCAAAGOGCACACTGCCTACAGTGAGGGTAGCAGACGAQTCCCCCTICTCTOCCTCCAAGGAGCCAGAACTCTGACTCCAGGTCTAAATCAGTGCAGGAAAG 235) 


TITGGACCCAACTTS CGGAQATITTITGTICITTCCCTIT CTCTCTGCCAGCCCCTCTTOCTI CTGATT ACA 2465 


QICTIGCAACCTGCCCCTAACAGGACCACCTAGTCTCAGGGGCAGGTCTAGTGTGCACACTTTTTOGAAGATAGTITITCCAAGCATCTICITCCCCACGGGCAGCTCTACCTS 2579 


TCCOATCACCATGTGTAATACCACCACAGCTTACGGCACCTCACCAAGGAAGAGAACTGCACAATAAAACAAAGCCTCTGGAGTCTGTCCATGTGTCTGTCTCTCCTACUCTCT 2693 
TCCAAGGTCCCCAAACTGGATGGT TTGACTGAGTGCTTCTGTGTGCAGAAGGTCCAACGGGACTCTGGGGTACCECAGCCCACGCTATTCCCTTGCCTCCTGCCTCCCACTITT 2807 


TITYITTTTTTTTITTAGC TCCCTAAGCTGGGCTTCTCTIGAGAGTGACTCTGACA 2863 
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Fig. 4 Northern blotting of 
RNA from rat brain, spleen and 
thymus. Total cellular RNA was 
isolated from rat brain, spleen 
and thymus using the guani- 
dinium isothiocyanate/caesium 
chloride method'*. RNA (10 pg) 
were electrophoresed through 
1% agarose gels containing for- 
maldehyde. RNA was then trans- 
ferred to a nitrocellulose filter 
and subsequently hybridized with 
a nick-translated Pst] fragment 
of pT64. The position of rRNA 
was visualized by staining the gel 
Fig. 3- Southern blotting of DNA from rat and mouse thymus. with acridine orange and HindIII 
DNA of high relative molecular mass, isolated from rat and mouse fragments of A DNA *’P-labelled 
thymus, was digested with restriction enzymes BamHI, EcoRI and at the 5’ end were used as size 
Hindli- Each of the digests (10 ug) was electrophoresed through markers. 

a 0.7% agarose gel and transferred to a nitrocellulose filter. The 

Pstl fragment of pT64 was nick-translated and used as a probe. 

Hybridization was carried out in 5 x Denhardt's and 6 SSC, at 

65°C. 

















-mRNA encoding a shorter Thy-! molecule. S; nuclease mapping 
(data not shown) indicates that the large size of the mRNA is 
the result of a large 3’ untranslated region (1,062 nucleotides) 
extending from the end of the coding region to the second 
polyadenylation signal. 

There are two possible reasons for the discrepancy between 
the cDNA and genomic data and the protein sequence data of 
Williams and Gagnon'®. First although the purified Thy-1 
molecule is indeed 142 amino acids long, the hydrophobic 
peptide containing the extra 31 amino acids may have been lost 
during the preparation and purification of the peptide fragments 
used for sequencing. Alternatively, there may be a processing 
step in which the newly synthesized Thy-! molecules are cleaved 
to yield mature molecules of a different size. Pulse-chase experi- 
ments to explore the latter possibility further failed to reveal 
any post-translational proteolytic processing. Furthermore, 
when *H-tryptophan is used for incorporation, the mature Thy-1 
molecule is visible even after an extensive (30 min) chase (T.S. 
et al, manuscript in preparation). Thus, the mature Thy-| 
molecule extends beyond the 111 amino acids proposed by 
Campbell et ai.'' and up to at least amino acid 123, the position 
of the sole tryptophan residue. These data suggest strongly that 

~Thy-1 is anchored to the cell surface by a conventional hydro- 

phobic transmembrane segment. It is intriguing, however, that 
the intracytoplasmic segment described for other membrane 
glycoproteins is absent and the functional significance of this 
remains unknown. 

This work was supported by NIH grant CA 38404. 
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Growth hormone releasing factors (GRFs) have been isolated from 
human pancreatic tumours (hGRF)'~ and rat hypothalamus 
(thGRF)*. The response to GRF at the pituitary level can be 
modulated by other factors, including glucocorticoids’, thyroid 
hormones®, somatostatin and other neuropeptides*® and 
somatomedins’*. Glucocorticoids enhance GRF-induced growth 
hormone (GH) secretion in primary cultures of rat anterior 
pituitary cells*°, and the synthetic glucocorticoid dexamethasone 
has recently been shown to increase the amounts of GH released 
in freely moving rats in response to submaximal doses of 
intravenous GRF”®. To investigate whether somatotroph sensitivity 
to GRF is modulated at its receptor level, we have developed a 
radioreceptor assay using an iodinated analogue of hGRF as 
radioligand. We report here that the relative binding affinities of 
rGRF, hGRF and the two analogues are correlated with their in 
vitro biological potencies. Further, the number of GRF binding 
sites is drastically decreased in cells deprived of glucocorticoids 
either in vivo or in vitro. 
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Fig. 1 Reverse-phase HPLC elution profile of 5 pg [His' mono-I-: 
Tyr'® Nle” }-hGRF(1-32)-NH, and 5pg [His', Nie" ]-hGRE(1= 
32)-NH,, detected by absorbance at 210 nm. [His', Nle*”]-hGRFE(1- 
32)-NH, was radioiodinated and purified, then analysed in the 
same run. The separation was carried out on a C,, column (Vydac, © 
0.46 x25 cm, pore size 300 A) in a linear gradient of acetonitrile 
in H,O and 0.1% trifluoroacetate (. . .) (24-42% CH,CN in 25 min, 
flow rate 1.5 ml min™'). Fractions of the eluate were collected every 
0.5 min and radioactivity per fraction determined. [His',Nle?’]- 
hpGRF(1-32)-NHbp, as well as all GRF analogues and other pep- 
tides, was synthesized by solid phase methods as described elsé: . 
where! and iodinated using chloramine-T (ref. 18). Final HPLC 
of the iodinated peptide was carried out after an initial purification - 
of the iodination product on a disposable C,, cartridge (BondElut, 
Analytichem). Two radioactive peaks were eluted well separated 
from the unlabelled analogue. The second smaller peak, as. it 
increased with prolonged iodination times, probably represented 
the diiodinated analogue. The first peak, which normally eluted 
in one tube, was diluted with H,O to ~10° c.p.m. wl”! and stored ` 
at —20°C after addition of bovine serum albumin (Pentex) at a 
final concentration of 1% (w/v). After its iondination, the radio- 
ligand was used for up to 3 days, after which time re-purification 
on C; columns and HPLC was carried out. 


From our structure-function studies and knowing. the 
sequence of rGRF, which has a histidine in the N-terminal 
position, we anticipated that the analogue [His', Nle” ]-hGRF(1-+ 
32)-NH, would be of high binding potency. We chose: this 
analogue in order to avoid iodination of the amino-terminal 
tyrosine (in hGRF) and possible oxidation of the methionine 
in position 27 of the native peptide. The radioligand, prepared. 
as described in Fig. 1 legend, is assumed to be [His' mono-'**I- 
Tyr'°,Nle*’}-hGRF(1-32)-NH, (specific activity ~570 pC] per 
pg peptide) because, on resolutive HPLC systems, it co-elutes’ 
with the non-radioactive [His', mono-I-Tyr'®,Nle?’]-hGRF(1- 
32)-NH, synthesized de novo. 

We studied GRF binding to fresh rat anterior pituitary cells 
as a function of time and temperature (Fig. 2). At 37 °C, maximal 
specific binding was reached within 20 min, followed by a rapid 
decline. At 23°C, specific binding reached equilibrium. after 
30 min and remained stable for at least 2h. At 4°C, specific 
binding, obtained by 60 min, was only half that at 23 °C. Specific 
binding was fully reversible by adding 107’ M unlabelled ligand 
at 30 min. All subsequent experiments were based on a 30-min 
incubation at 23 °C. 

To assess tracer integrity, the radioligand was incubated in 
the presence of cells under standard assay conditions, and ligand 
stability was assessed with HPLC after acid extraction. Of the 
ligand recovered from the incubation supernatant, >80% was 
intact, whereas 98% of the ligand extracted from cell pellets 
was identical to ligand exposed to buffer only. 

Availability of the non-radioactive mono-iodinated synthe- 
sized ligand enabled us to determine affinity in competition 
studies. A dissociation constant (Kp) of 41 x 107'? M (11-160 ° 
107'? M) and an estimated receptor concentration of 11 fmol _ 
per pituitary equivalent (4-29 fmol) were derived from analysis © 
of four competition experiments using the computerized, non- 
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Fig.2 Time course of specific [His',mono'?*I-Tyr'®,Nle?’]- 
hGRF(1-32)-NH, binding to freshly dispersed rat anterior 
: pituitary cells (@, A, W) at temperatures indicated. @---@, Reversi- 
bility. of specific binding after addition of 107 M [His', Nle?’]- 
_hGRF(1-32)-NH, at 30 min. Rat anterior pituitary cells from male 
Sprague-Dawley rats (200-220 g) were dispersed as described pre- 
viously?'. Approximately 1.5 x 10° viable cells were obtained per 
animal. After dispersion, cells were rinsed twice with, and finally 
suspended in, standard buffer (50mM Tris-HCI pH 7.4, 2 mM 
EDTA, 5 mM MgCl, 0.24 M sucrose) and used for binding experi- 
ments not longer than 3h after dispersion. For binding studies, 
1.0-1.5 x 10° suspended cells and about 10 fmol radioligand were 
incubated in a final volume of 0.5 ml standard buffer (duplicates, 
borosilicate glass tubes, 12 x75 mm). The reaction was terminated 
by immersing the incubation tube in ice water and transferring 
0.45 ml to an ice-chilled polyethylene microfuge tube. After 2 min 
centrifugation (Beckmann microfuge) at 4°C, the supernatants 
were aspirated, the tips of the tubes containing cell pellets cut off 
and counted in a y counter. Generally, 8-12% of the total radio- 
activity was bound, the background (no tissue) being <1%. Of 
the total binding, 50-70% was displaceable in the presence of 
1077 M[His',Nle*’]-hGRF(1-32)-NH, (= specific binding). There 
was no specific binding to test tubes or microfuge tubes. 


“linear regression analysis, LIGAND"'. Figure 3 shows a rep- 
resentative competition curve. To demonstrate pharmacological 
pecificity of the GRF binding site, we examined several GRF 
analogues and unrelated peptides for their ability to compete 
¿With the radioligand. Binding affinities of different GRFs and 
‘homologous peptides correlated with their GH releasing potency 
in vitro (Table 1). The binding site had higher affinity for rGRF 
“than for hGRF(1-40). C-terminally-amidated shortened 
-analogues displayed highest binding affinity and in vitro potency, 
whereas deletion of the amino-terminal residue resulted in an 
almost complete loss of biological and binding activity. The 
analogue [His',mono-I-Tyr'°, Nle”’]-hGRF(1-32)-NH, retained 
full in vitro potency. Homologous peptides from the secretin- 
glucagon family, PHI” and vasoactive intestinal polypeptide 
_ (VIP), did not displace the ligand at concentrations up to 107’ M. 
in agreement with biological studies, this may indicate a different 
pecificity of pituitary binding sites compared with pancreatic 
eceptors that bind VIP and rGRF with high affinity’. Regional 
specificity of hormone receptors may have developed in parallel 
-With evolving families of homologous peptides. 

“The effect of glucocorticoid deprivation on GRF binding was 
examined in freshly dispersed cells from adrenalectomized and 
-sham-operated rats [Fig. 3]. One week after adrenalectomy, 
‘pituitary GRF binding capacity was decreased to 26% that of 
control cells (26% + 5% s.e.; P<0.01, n =6). Because affinities 
in. both groups did not differ significantly, the lower binding 
capacity in cells after adrenalectomy must have been caused by 
“a decreased number of binding sites. From in vitro observations’, 
‘we anticipated that glucocorticoids might act directly at the 
pituitary level to modulate GRF receptor numbers and have 
“examined this possibility by investigating the effects of 
dexamethasone on cultured anterior pituitary cells. The maximal 
specific binding to cells maintained in glucocorticoid-free 
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Fig. 3 Binding competition study comparing cells from sham- 
operated animals (©) and cells from rats 1 week after bilateral 
adrenalectomy (@). Binding experiments were carried out in stan- 
dard conditions, incubating 1.3 x 10° freshly dispersed cells in the 
presence of a constant amount of radioligand and increasing con- 
centrations of [His',mono-I-Tyr'®,Nle*’-hGRF(1-32)-NH,. The 
data shown were obtained from one population of rats and in the 
same experiment performed in duplicate, the curves were fitted 
and analysed using the program LIGAND”, The curve for 
sham-operated animals is representative of competition curves 
obtained from normal fresh cells. Estimated receptor concentra- 
tions in the experiment shown were: controls, 17 fmol per 10° cells, 
adrenalectomized, 3.8 fmol per 10 cells (22% of control). The 
calculated affinities were not significantly different: 73 pM (43- 
125 pM) in controls, 144. pM (28-720 pM) in adrenalectomized 
animals. B/ T, bound to total analogue present. 


medium for 24 h was found to be significantly less than in control 
cells cultured in the presence of 5 nM dexamethasone (30+ 12% 
compared with 100+ 20%, P<0.01). 

Thus, a radioreceptor assay for GRF has been established 
using an iodinated ‘tailor-made’ analogue as radioligand. Bind- 
ing experiments were preferentially carried out using freshly 
dispersed rat anterior pituitary cells, because cultured cells show 
decreased specific GRF binding with time in culture, as 
described earlier for gonadotropin releasing hormone binding 








Table 1 Relative biological potencies and binding affinities of different 
peptides 
Relative Relative 
biological binding 
Peptide potency in vitro affinity 
hpGRF(1-40) (standard) 1.0 1.0 
tGRF 2.7(1.8-4.1) §.8(2,5-13.4) 
[His',Nle?”]-hGRF(1-32)-NH, 3.2(1.8-5.7) 4.8(2.1-11.4) 
[His', mono-I-Tyr'®, Nle?’}- 
hGRF(1~32)-NH, 4.9(3.2-7.3) 9.7(2.9-32) 
desTyr'-hGRF(2-32)-NH, <0.001 < 0,01 
VIP < 0.001 <0.01 
PHI <0.001 < 0.01 





Biological potencies were determined by comparison of the GH 
response of rat anterior pituitary cell primary cultures'® to increasing 
concentrations of hGRF(1-40) and to the respective analogue. Relative 
biological potency and 95% confidence limits were calculated with the 
program BIOPROG'. Binding affinities with 95% confidence limits 
were determined using the program LIGAND" for analysis of competi- 
tion studies. (Confidence limits (P< 0.05) for data from the LIGAND 
program were calculated according to ref. 20.) At least three experiments 
per analogue were carried out in duplicate. 

















n pituitary cells”. Binding affinities of several GRF-related 
peptides correlate with their in vitro potencies. 

Glucocorticoids seem to be essential for the somatotroph to 
maintain a normal number of GRF binding sites. Previously, 
glucocorticoids have been reported to stimulate GH production 
and GH gene transcription in GH-producing pituitary tumour 
cells '*"'° and to increase the sensitivity of normal rat pituitary 
cells to GRF in vitro? and in vivo'®. As glucocorticoids also 
decrease the sensitivity to somatostatin in normal pituitary cells’, 
decrease somatostatin receptors on cultured GH-secreting 
pituitary tumour cells!” and increase GRF binding sites (this 
study), glucocorticoids may act in a coordinated fashion at the 
pituitary level to increase GH secretion. 
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Transforming growth factors (TGFs) are mitogenic polypeptides 
produced most conspicuously by transformed cells and conferring 
on normal cells several phenotypic alterations associated with 
transformation'?. TGFs comprise two distinct sets of molecules: 
TGF-as are structurally similar to epidermal growth factor 
(EGF), binding to and inducing the tyrosine phosphorylation 
of the EGF receptor in a manner indistinguishable from that of 
EGF’. In addition, the 50-amino acid rat TGF-a* has 33 and 
44% homologies with mouse* and human® EGFs, respectively, and 
shares with EGFs a conserved pattern of three disulphide bridges’. 
Thus, it has been proposed that TGF-as belong to a family of 
EGF-like polypeptides’. TGF-fs, on the other hand, display no 
measurable binding to EGF receptors, but potentiate the growth- 
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Fig. 1 Identification of a rat TGF-a cDNA clone. Poly(A)” RNA 
was isolated from FeSV-transformed Fisher rat embryo cells and 
used to synthesize cDNA. First-strand cDNA synthesis was per- 
formed using oligo(dT) and avian myeloblastosis virus reverse 
transcriptase (Molecular Genetic Resources, Inc.) and second- 
strand using Escherichia coli RNase H, DNA polymerase I and 
ligase (NAD*)'*. The double-stranded cDNA was digested with 
S, nuclease, end-filled with the large fragment of DNA polymerase 
I, treated with EcoRI methylase and ligated to EcoRI synthetic 
linkers. Following digestion with EcoRI, cDNAs >500 bp were 
selected by chromatography on Bio-Gel A50 and precipitated with’. 
ethanol in the presence of EcoRI-digested Agt!0'? DNA. Resus- 
pended DNAs were ligated overnight at 15°C, packaged in vitro 
and used to infect E. coli strain C600 rk`mk* Hf!. Infected cells 
were plated at a density of 20,000 plaque-forming units per 150-mm 
dish and nitrocellulose plaque-lifts were prepared from each plate 
in duplicate. Filters were probed with a pool of two synthetic 
oligonucleotides (TGF-1, TGF-2), each of which consisted of a 
mixture of 32 independent sequences. The oligonucleotides were 
labelled using [a-**PJATP (NEN) and T4 polynucleotide kinase. 
Hybridization was carried out at 37 °C in 5 XSSC, 5 x Denhardt's 
reagent, 0.05% sodium pyrophosphate and 100 pg mi~’ transfer 
RNA at 37 °C with 10’ c.p.m. ml”; washes were at 37 °C in 6 x SSC, 
Two positive clones (3B1b, 6Ala) were plaque-purified and DNA 
(10 ng) isolated from these clones was spotted (in triplicate) onto 
duplicate nitrocellulose filters with equal amounts of A and pBR322 
DNAs. The filters were probed with labelled TGF-1 (left) and > 
TGF-2 (right), respectively. Hybridization was carried out as 
described above and washes were at 45°C in 6 x SSC. 


stimulating activities of TGF-a*. Here we report the isolation of 
a complementary DNA clone encoding rat TGF-a. This cDNA. 
hybridizes to a 4.5-kilobase (kb) messenger RNA that is 30 times’ 
larger than necessary to code for a 50-amino acid polypeptide and 
is present not only in retrovirus-transformed rat cells but also at 
lower levels in normal rat tissues. The- nucleotide sequence of the 
cDNA predicts that TGF-a@ is synthesized as a larger product and 


that the larger form may exist as a transmembrane protein. 


However, unlike many polypeptide hormones (including EGF*”’), 
cleavage of the 50-amino acid TGF-a@ from the larger form does 
not occur at paired basic residues, but rather between alanine and 
valine residues, suggesting the role of a novel protease. 

Two mixtures of oligonucleotides, each 17 nucleotides long, 
were prepared as hybridization probes to identify cDNA clones: 
containing TGF-a@ sequences. The first, TGF-1 (Fig. 1), encoded. 
amino acids 4-9 of the rat TGF-a: sequence’, whereas the. 
second, TGF-2, corresponded to the region of amino acids 
14-19. Because of codon ambiguity, each oligonucleotide mix- 
ture contained 32 different DNA sequences, only one of which 
had perfect homology with the TGF-a@ gene. 

Double-stranded cDNA was synthesized using poly(A)” RNA 
isolated from a clone (ST FeSV FRE Cl. 10; ref. 11) of feline ` 
sarcoma virus (FeSV)-transformed Fisher rat embryo cells (see 
Fig. 1), attached to synthetic EcoRI linkers and ligated to 
EcoRI-digested AgtiO DNA’. Screening of 150,000 recom- 
binant plaques with a mixture of both 17-mers yielded two 
duplicating positive clones which were further purified by secon- 
dary and tertiary screening. DNA was isolated from these two 
clones (3B1b and 6Ala), adsorbed onto nitrocellulose and dupli- 
cate sets of these DNAs were probed separately with either 
TGF-1 or TGF-2. Agti0 clone 3Bib hybridized strongly to both 
i7-mers, whereas 6Ala hybridized only to TGF-2 and did so ` 





































































Fig. 2 a, Structural features of the rat TGF-a 
“eDNA clone. A partial restriction map was 
determined for the insert (shown as the open 
bar) from clone prTGF, ,; the 5° and 3’ ter- 
minal EcoRI sites result from the addition of 
EcoRI linkers during the cloning process. The b 
orientation of the clone is indicated, as is the gs 
presence of a 20-residue poly(dA: dT) region 
at the 3’ end corresponding to the polyadeny- 
lation site of the mRNA. The cross-hatched 
area indicates the location of the 50-amino 
acid TGF-a coding sequence. b, Nucleotide 
sequence of the TGF-a coding region of 
prTGF, z was determined by dideoxynucleo- 
tide sequencing"? . The amino acid sequence 
of rat TGF-æ’ is delineated by the heavy 
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termination codon. 
Ala Cys Cys His Ser Glu 
GCC TGC TGC CAC TCT GAG 


with a weaker affinity than 3Bib (Fig. 1). Thus, only 3B1b was 
analysed further. 

The 2.3-kb EcoRI insert from 3Bib was subcloned into the 
plasmid pEMBL (ref. 13); this recombinant was termed 
prTGFo, (see Fig. 2 for a schematic representation). Southern 
analysis of the cDNA insert digested with various restriction 
: enzymes revealed that both oligonucleotide probes hybridized 
to the region denoted by cross-hatching in Fig. 2a (data not 
- shown). The nucleotide sequence of the entire prTGF,, insert 
was determined and the cross-hatched region of Fig. 2a was 
found to encode an open reading frame including a stretch of 
50 amino acids identical in sequence to that published previously 
` for rat TGF-a’. The absence of both an encoded initiating 
‘methionine immediately preceding the amino-terminal valine of 
rat TGF-a and a termination codon following the carboxy- 
terminal alanine suggests that, as is the case for many polypep- 
tide hormones, TGF-a is synthesized initially as a larger protein. 
Although the size of the initial translation product cannot be 
deduced unambiguously from an analysis of this partial cDNA 
clone, the 50-amino acid TGF-a sequence is preceded by an 
encoded methionine lying 38 amino acids upstream and is 
followed by 71 amino acids before a stop codon occurs. If this 
- methionine corresponds to the initiator, the TGF-a translation 
_ product would comprise 159 amino acids. Consistent with this 
“suggestion, antibodies raised against a synthetic peptide corre- 
sponding to the carboxy-terminus of TGF-a bind most con- 
“spicuously in immunoblots of proteins secreted by FeSV-trans- 
formed rat cells to a larger polypeptide of relative molecular 
mass (M,) ~ 20,000 (ref. 14). In addition, the cDNA sequence 
predicts that the methionine is followed immediately by a region 
. of approximately 25 largely uncharged or hydrophobic residues 
characteristic of signal peptides. 

Asecond extremely hydrophobic domain begins ~ 10 residues 
after the carboxy-terminus of the 50-amino acid TGF-a. This 
- region, which consists almost exclusively of isoleucines, leucines 
‘and valines, is characteristic of transmembrane cores and is 
similar with respect to both its hydrophobicity and its position 
following the TGF-a@ sequence to a hydrophobic region 
carboxy-terminal! to the EGF sequence within its precursor”, 
The second hydrophobic domain is then followed by a non- 
hydrophobic, cysteine-rich sequence of ~40 residues. The loca- 
-tion of this second hydrophobic region suggests that the initial 
TGF-q@. translation product serves as a transmembrane protein 
-possessing biologically active polypeptides on both sides of the 
“membrane. This larger form of TGF-a may interact with the 
EGF receptor within the same membrane and/or itself function 
as.a membrane receptor. 

Additional analysis of the prTGF, . sequence suggests several 
interesting features regarding the possible processing of the 
larger TGF-a. In contrast to the processing of most polypeptides, 
including EGF’"°, the cleavage sites which surround the 50- 
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amino acid TGF-a are not bordered by either single or paired 
basic amino acids (for example, Lys, Arg). Rather, the cleavage 
sites which release the 50-amino acid TGF-a@ are embedded in 
alanine-valine-rich regions, with the actual cleavages occurring 
between alanine and valine residues at both the amino- and 
carboxy-termini. This type of proteolytic specificity is charac- 
teristic of elastases, which seem to cleave the carbonyl bond 
of amino acids possessing uncharged, non-aromatic side 
chains, like alanine and valine’. Other possible candidates 
includethe metal-containing, neutral proteases (thermolysin-like) 
which cleave frequently at sites immediately preceding valine 
residues'®, but have not yet been demonstrated in animal cells, 
as well as signal peptidases!’ which cleave in regions of hydro- 
phobic amino acids and recognize conformation rather than 
specific sequence. On the other hand, it is interesting that the 
second hydrophobic core is bordered at both ends by paired 
basic residues (Lys-Lys at positions +57, 58 and Arg-Lys at 
positions +88, 89) which, as described above, might serve as 
recognition sites for proteolytic cleavage; this in turn suggests 
that the carboxy-terminal, cysteine-rich polypeptide is released 
inside the cell as a biologically active molecule and that the 
activity of the original TGF-a translation product might be 
regulated by two entirely different types of proteases. 
Consistent with the existence of a larger TGF-a translation 
product, we observed that its mRNA is 20-30-fold larger than 
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Fig. 3 Northern blot analysis of rat poly(A)* RNAs probed with 
the TGF-a cDNA clone. RNA was isolated by homogenization of 
tissue or cells in 4M guanidine thiocyanate and sedimentation 
through 5.7 M CsCl (refs 20, 21). Poly {A*) RNA was selected by 
chromatography on oligo(dT) cellulose and aliquots (5 pg) elec- 
trophoresed through 1% agarose gels containing formaldehyde”? 
RNA was transferred to nitrocellulose and probed with the nick- 
translated EcoRI insert from prfGF, 2 Hybridization was carried 
out at 45°C in 50% formamide, tx Denhardt's reagent, 5 x SSC, 
25mM NaH,PO,, 200 ug mi~' herring sperm DNA and washes 
were 2 x SSC, 0.1% SDS at 68 °C. The markers (in kb) are HindlII- 
digested A DNA and 18S and 285 ribosomal RNAs, which are ~2 
and 5 kb in length, respectively. Poly(A}* RNAs are from FeSV- 
transformed Fisher rat embryo cells (lane 1) and adult female rat 
brain (lane 2). 
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Fig. 4 Southern blot of rat genomic DNA probed with the TGF-a 
cDNA clone. DNA was isolated from adult female rat kidney 
(lanes a, b) and FeSV-transformed Fisher rat embryo cells (lanes 
c,d) and restricted with the indicated enzymes. Digested DNA 
(20 wg) was electrophoresed on a 1% agarose gel, transferred to 
nitrocellulose by the method of Southern”? and probed with the 
nick-translated EcoRI insert from prTGFy >. Hybridization and 
washes were carried out as described in Fig. 3 legend. The markers 
(in kb) are HindIII-digested A DNA. 


necessary to code for a 50-amino acid polypeptide. Northern 
blots of poly(A)* RNA obtained from FeSV-transformed rat 
cells, when probed with the EcoRI insert from prTGFo 2, yielded 
a single band of ~4.5kb (Fig. 3). In addition, as sequence 
analysis of the 3' end of the prTGFo, insert revealed a 20-residue 
poly(A) tract, the cloned cDNA apparently corresponds to the 
second half of the TGF-a mRNA. The 50-amino acid TGF-a@ 
is encoded by a sequence located roughly 2.5 kb from the 5’ 
end of the mRNA. 

Northern blot analysis of poly(A)* RNA from normal rat 
brain, when probed with the TGF-a clone, revealed a single 
band identical in size to that obtained from the FeSV-trans- 
formed cells (Fig. 3). The level of TGF-a-specific mRNA relative 
to total poly(A)* RNA in brain was roughly 10-20-fold lower 
than that in FeSV-transformed cells (data not shown). In addi- 
tion, we have observed TGF-a mRNA in rat kidney and liver 
in amounts similar to that in brain (data not shown). The 
presence of TGF-a-specific mRNA in tissues raises interesting 
questions regarding the role of this polypeptide in normal cells. 

As described above, TGF-a is structurally homologous to 
EGF, and both bind, in an equivalent fashion, the EGF receptor. 
This similarity is extended further by a comparison of the cDNAs 
encoding EGF”"® and TGF-a which indicates that both poly- 
peptides are synthesized as larger proteins encoded by mRNAs 
of 4.5-5.0 kb. In addition, both growth factors share striking 
homology with a 140-base pair vaccinia virus protein of un- 
known function (J. Brown et al, accompanying paper’). As 
both growth factors appear, therefore, to belong to a family of 
EGF-like polypeptides, we used the TGF-a@ cDNA to screen 
Southern blots of rat genomic DNA to identify homologous 
genes in this family. In moderate stringency conditions, however, 
only one (SstI) or.two (EcoRI; the second band of ~1.0 kb 
may not be visible) bands appeared with each restriction enzyme 
tested (Fig. 4), indicating that the TGF-a@ gene is probably 
unique in rats and is not highly homologous to genes encoding 
other related polypeptides. In addition, a comparison of the 
results obtained with DNAs isolated from kidney and FeSV- 
transformed cells indicated that elevated levels of TGF-a mRNA 
in the latter are not the result of gross amplification or rearrange- 
ment of the gene. 
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for helpful discussions, and Lynda Taylor for assistance in 
preparing the manuscript. 
Note added in proof: After this manuscript had been submitted, 
the cloning of human TGF-a was reported” 
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Epidermal growth factor (EGF) and transforming growth factor 
type I (TGF) are polypeptides of 53 and 50 amino acid residues. 
respectively'?. Both bind to EGF receptor, a 1,200-residue tran 
membranous glycoprotein’, leading to phosphorylation of the 
receptor, enhancement of its tyrosine-specific kinase activity and. 
ultimately to stimulation of cell growth**. We report here that a 
140-residue polypeptide encoded by one of the early genes of 
vaccinia virus (VV)° is related closely to EGF and TGF. The 
presence of putative signal and transmembranous sequences fur- 
ther suggests that the viral protein might be an integral membrane 
protein, but that, as in the case of EGF itself”, the membrane- 
associated form may be the precursor of a soluble growth factor. 
Production of EGF-like growth factors by virally infected cells 
could account for the proliferative diseases associated with mem- 
bers of the poxvirus family such.as Shope fibroma virus’, Yaba 
tumour virus’, and molluscum contagiosum virus (MCV). 

The Dayhoff protein sequence library of 2,676 sequences 
(Protein Identification Resource, Georgetown, Washington, 
DC) was searched for sequences related to rat TGF (rTGF). 
The three most closely related sequences were mouse EGF ` 
(mEGF)? and human EGF (hEGF, urogastrone)'*, which are 
known to be homologous to TGF", and residues 45-85 of a 
140-residue polypeptide encoded by VV° (Fig. 1). Fifteen 
residues of the VV polypeptide match residues in rTGF and, © 
after insertion of a single gap, the viral polypeptide shares 19. 
residues with both mEGF and hEGF; a gap must be inserted 
in the same position in TGF to align it with EGF. The viral”. 
protein is thus as similar to EGF as is rĮGF, which has 16. 
residues in common with mEGF and 20 with hEGF. The statis- 
tical significance of the homology can be determined as follows: 
Of the 16 residues of mEGF which are conserved in rTGF, 13- 












MEPRE PAR SGN ALE TTS RE LT NAT TO PA TE 
. VVERER 
RSP 


RS DS 


se 








ajeje p £ o o sft cefe a -fofefcf: a ae ot oaa gfefefcfs sfo vhrfejife clo n v vith 














































ag 100 n0 136 











ver DYORSENPNTYTS YELP SPGIHLVEVGLELDILTECOLLS VY RFTRRT 
ter A 

mEGE wWEELR 

hEGF NWELR 


ran 


vve KLPILIQDĦMĦYVP 


Fig. 1 Alignment of the VV polypeptide (VVP), rTGF, mEGF 
and hEGF. The sequences are shown in their entirety, numbered 
from the N-terminus of VVP. Residues conserved in all four 
sequences are boxed. Putative signal and transmembranous se- 
quences are underlined. A, Ala; R, Arg; N, Asn; D, Asp; C, Cys; 
"Q, Gin; E, Glu; G, Gly; H, His; I, He; L, Leu; K, Lys; M, Met; 
F, Phe; P, Pro; S, Ser; T, Thr; W, Trp; Y, Tyr; V, Val. 


xare conserved in the VV polypeptide, whereas of the remaining 
37 residues of mEGF, only six are conserved in the VV polypep- 
tide. Fisher’s exact test shows that the probability of this being 
“due to chance is less than 0.0001. In addition to EGF, the EGF 
“precursor encodes eight sequences that resemble EGF in their 
pattern of cysteine residues and their predicted folding pat- 
-terns’*'*. EGF-related sequences are also present in the low- 
‘density lipoprotein receptor'* and the blood coagulation 
ymogens factor IX, factor X and protein C (ref. 14). It thus 
-appears that these sequences and EGF diverged from a common 
ancestor’*, However, at least five gaps must be inserted to align 
he VV polypeptide with any of these sequences, and the VV 
polypeptide is most closely related to EGF and TGF. 

The EGF-homologous region of the VV polypeptide differs 
from the rest of the molecule in its amino acid composition, 
particularly in that it contains 6 of the 8 cysteine residues and 
of the 10 glycine residues. These residues may have a structural 
ole. The six cysteine residues correspond to the six cysteine 
residues that, in EGF, form three disulphide bridges, resulting 
n.three tight loops in the polypeptide chain'®. Three of the 
lycine residues are conserved in EGF and TGF, and together 
with the four aspartic acid residues and the single proline residue 
„present in this region of the VV polypeptide, they may allow 
the chain to fold back on itself within the right constraints 
‘imposed by the disulphide bridges'*'®'’. Two regions of par- 
‘ticularly high homology are evident; these are residues 50-56, 
all of which are identical to residues in the corresponding 
positions in either EGF or TGF, and residues 73-82, seven of 
which are conserved in EGF or TGF. We therefore conclude 
that the VV polypeptide probably resembles EGF and TGF not 
only in its amino acid sequence, but also in its pattern of 
-disulphide bridges and thus in its three-dimensional structure. 
Further analysis of the sequence of the viral protein revealed 
‘the presence of stretches of uncharged and hydrophobic residues 
near the N-terminus between residues 5 and 15 and near the 
C-terminus between residues 100 and 124. This arrangement of 
ydrophobic regions is similar to that seen in many integral 
membrane glycoproteins, which have an N-terminal hydro- 
‘phobic signal sequence and a C-terminal transmembranous 
equence. The transmembranous sequence is followed com- 
monly by several basic residues and in the VV polypeptide, 
residues 125, 128 and 129 are arginine. The EGF precursor itself 
has signal and transmembranous sequences; it has been sug- 
gested that it exists on the surface of the cells of its origin 
anchored by the hydrophobic segment, EGF being released by 
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Fig. 2 Proposed structure of the VV polypeptide that would be 

produced by cleavage of the precursor at Arg 43 and Arg 90. 

Disulphide bonds (boxed) are based on those of EGF. Residues 

that are identical in the VV polypeptide, mEGF, hEGF and rTGF 
are cross-hatched. 


proteolytic cleavage'*. The transmembranous. peptides of both 
the EGF precursor and the VV polypeptide are located ~20 
residues from the end of the EGF-like sequence; cleavage of 
the viral polypeptide at Arg 43 and Arg 90 would lead to release 
of a soluble polypeptide of 47 residues (Fig. 2). 

As the VV polypeptide is structurally as similar to EGF as is 
TGF, we believe that, like TGF, it might be able to bind the 
EGF receptor and act as a growth factor. This suggests several 
possible roles for the VV polypeptide. If it is located on the 
surface of the virion, it might mediate binding of the virus to 
cells expressing the EGF receptor and also stimulate the host 
cell. If, on the other hand, a soluble EGF-like peptide is released 
from VV-infected cells, neighbouring cells might be stimulated. 
It is intriguing to speculate that involvement of the EGF receptor 
in VV infection might contribute towards the propensity of the 
virus to infect epidermal cells, while production of EGF-like 
growth factors might account for the cellular proliferation 
associated with poxviruses both in vivo®™'' and in vitro'*-*° 

In conclusion, the structural homology between the VV poly- 
peptide and EGF and TGF indicates clearly an evolutionary 
relationship. Whether a functional relationship exists remains 
to be confirmed experimentally. Nevertheless, our observation, 
together with the many reports of-the capture of cellular genes 
by retroviruses, including genes for platelet-derived growth fac- 
tor?’ and EGF receptor”, suggest that viral capture of cellular 
genes coding for growth factors and receptors might be more 
common than is realized generally and might not be restricted 
to the retroviruses. 

Note added in proof: Blomquist et al.” have recently reported 
findings similar to those described here. 
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In Burkitt’s lymphoma, which carries the t(8;14) chromosome 
translocation, the c-myc oncogene normally located on band q24 
of human chromosome 8 (refs 1-3) translocates to the heavy-chain 
locus on chromosome 14 (refs 1, 4, 5); this results in transcriptional 
deregulation of the translocated c-myc- oncogene, which is tran- 
scribed constitutively at elevated levels” °, while the normal c-myc 
oncogene on the uninvolved chromosome 8 is either silent™"' or 
expressed at very low levels (A.ar-R. and C.M.C., unpublished 
results). We have now introduced the active c-myc oncogene of 
proliferating mouse spleen cells into human lymphoma cells carry- 
ing the t(8 ;14) chromosome translocation by hydridization, and 
have examined the hybrids for expression of the human and murine 
c-myc oncogene. The results of this analysis, reported here, indicate 
that the active mouse myc gene is shut off at the transcriptional 
level in the human lymphoma cells, implying that human B cells 
at the stage of differentiation of lymphoma cells used in this study 
are nonpermissive for normal c-myc transcription. 

Somatic cell hybrids between simian virus 40 (SV40)-trans- 
formed human cells and cells derived directly from mice segre- 
gate human chromosomes, but preferentially retain the human 
chromosome carrying the SV40 genome!*"’; such hybrids are 
transformed in vitro and tumorigenic in vivo'*. As hybridization 
of cells derived directly from mice with SV40-transformed 
human cells results in the selection of hybrids containing the 
human chromosome carrying the SV40 genome and these 
hybrids are transformed and tumorigenic”, we hybridized 
mouse spleen cells with lymphoma cells carrying the t(8 ;14) 
translocation to determine whether such hybrids would segre- 
gate human chromosomes, preferentially retain the human 14q* 
chromosome, and exhibit a transformed phenotype in vitro and 
tumorigenic phenotype in vivo. 

Thus, we hybridized mouse spleen cells which had been 
stimulated to proliferate by a B-cell mitogen, bacterial lipopoly- 
saccharide (LPS), with SK-DHL2B lymphoma cells carrying a 
































Fig. 1 G-11 staining of metaphase chromosomes from hybrid cell 
SKM 6.2.4 SCI 6. The pale chromosomes are human; the dark 
chromosomes are of murine origin. The hybrid contains 10 mouse ` 
chromosomes. Chromosome analysis was performed on an air- 
dried chromosome preparation banded with trypsin-Giemsa by 
standard methods“. After examination of at least 25 metaphases’ 
from each hybrid cell line, selected metaphases were destained. 
and restained by the G-11 technique® to distinguish the murine 
from the human chromosomes. 


reciprocal t(8;14) chromosome translocation’*. Activation o 
the translocated c-myc oncogene in this cell line has been re 
ported previously'®. The resulting hybrid cells segregated mouse 
chromosomes rather than human chromosomes (Fig. 1); 5-1 
mouse chromosomes were retained by different hybrid clones. 

Table 1 shows that the mouse x SK-DHL2B hybrids retained: 
the phenotype of the parental human lymphoma cells. W 
examined these hybrid cells for the presence of the mouse c-myc: 
gene to determine whether the murine chromosome 15 had bee: 
retained'”'®, Figure 2 shows that the hybrids retained both the 
human and the murine c-myc oncogene. Therefore, these hybrid 
provided the opportunity to study the regulation of expressio 
of the previously transcriptionally active murine c-myc oncogen 
in a human lymphoma cell carrying a t(8 ;14) translocation. 

A probe specific for exon | of the human c-myc gene detecte 
normal (2.2-2.4-kilobase, kb) c-myc transcripts only in 
Burkitt's lymphoma cell line (Daudi) carrying an intact translo: 
cated c-myc gene’ (Fig. 3a), but neither in the SK-DHL2B cell: 
nor in ST486 Burkitt's lymphoma cells carrying rearrange 
translocated c-myc genes, indicating that the normal humai 
c-myc gene on the uninvolved chromosome 8 is transcriptional 
silent in SK-DHL2B and ST486 cells. The upper band in Fig. 
3a is due to cross-hybridization of the myc exon | probe with. 
28S ribosomal RNA’. As shown previously, the separated first. 
exon of the c-myc oncogene on the 8q” chromosome is tran 
scribed at high levels in the ST486 Burkitt lymphoma cells’ (Fig 








Table 1 Phenotype of parental and hybrid cells 
Human surface Level of c-myc 
Parental cell line Mouse isozymes Mouse markers* Immunoglobulins transcription 
and hybrids NP LDH c-mye B-532 BI Human Mouse Human Mouse 
SK-DHL2B E = - - +++ IgM - +++ ~ 
Hybrid + 7 + - +++ IgM = ttt = 
SKM 6.2.4 SCI 1 
Hybrid + = + = +++ IgM - +++ - 
SKM 6.2.4 SCI 3 
Hybrid + - + - +++ IgM = +++ = 
SKM 6.2.4 SCI 6 
Mouse spleen cells + + + - - ND = ++ 


{with 48 h of LPS 
stimulation) 








NP, nucleoside phosphorylase; LDH, lactic dehydrogenase; ND, not determined. 
* Monoclonal antibodies against human B-cell antigens were used. The anti-B-532 antibodies reacted** with the human lymphoblastoid cell lines 
tested, but not with several Burkitt lymphoma cell lines (Daudi, CA46, BL-2 and J1). These antibodies are human-specific. The anti-B1 antibodies?’ 


reacted with lymphoblastoid and Burkitt lymphoma cell lines. 
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Fig. 2 Southern blot analysis of BamHI (a) and EcoRI (b) 
digested DNAs from hybrids and parental cells. The DNA on the 
-filter was hybridized with the pMc-myc54 mouse myc cDNA probe® 
to detect the presence of mouse chromosome 15 on which the 
¢-mycgene is located. As this probe cross-hybridizes with the 
human c-myc gene, we detected fragments corresponding to the 
mouse c-myc. sequences (a and b, lanes 2, 3 and 4 respectively) as 
well as the restriction fragments corresponding to the normal and 
rearranged c-myc gene derived from the human parental cell line 
n the DNA of hybrid cells. In a and b, lane 1, the DNA is from 
-a mouse fibroblast cell line (IT22) which has a normal c-myc gene. 
Lane 5, DNA from the human parental cell line SK-DHL2B. DNAs 
(10 ug per sample) were digested with restriction enzymes, elec- 
trophoresed in an agarose gel and transferred to nitrocellulose 
filters. Hybridization conditions: 6*SSC, 0.2% polyvinylpyr- 
rolidone, 0.2% bovine serum albumin (BSA), 0.2% Ficoll, 0.5% 
SDS, and 100 pg mi! of sonicated salmon sperm DNA containing 
10°c.p.m.mI~! of nick-translated °P probe (specific activity 
10% c.p.m. g~'). After hybridization, filters were washed with 
0.1 XSSC and 0.5% SDS and autoradiographed at ~70 °C. Lambda 
phage DNA cut with HindIII was run in the same gel to determine 
the restriction fragment sizes. 


3a, lane 2; 0.7-0.9-kb transcripts). However, the cDNA myc 
probe specific for exons 2 and 3 of the c-myc oncogene detects 
myc transcripts in all three lymphoma cell lines carrying the 
(8 ;14) translocation (Fig. 3b). 

We have shown previously that S, nuclease protection experi- 
ments can detect the expression of human or murine c-myc 
transcripts by using a human or a mouse c-myc CDNA S, probe 


cells (Fig. 4a); the mouse cDNA probe detected murine myc 
transcripts in mouse spleen cells before (Fig. 4b, lane 6) and 
after (lane 7) mitogenic stimulation with LPS as well as in P3Bu 
mouse myeloma cells (lane 8). However, no protection of the 
mouse myc cDNA was detected using RNA from the hybrid 
clones (Fig. 4b, lanes 3-5). Thus, these hybrids, which are 
phenotypically similar to the Burkitt lymphoma parental cells, 
do not express the germ-line murine c-myc gene. It is unlikely 
that the lack of expression of murine c-myc in these human- 
mouse hybrids is due to lack of a species-specific factor in 
human-mouse hybrids because expression of both human and 
murine c-myc genes is observed in hybrids between murine 3T3 
broblasts and human lymphoblastoid cells and in hybrids 
etween mouse and human fibroblasts (data not shown). 
Another possible explanation for the lack of expression of 
¢ normal mouse c-myc gene in the mouse spleen x SK-DHL2B 
ybrids is that the spleen cells which were able to fuse with the 
uman lymphoma cells were themselves at a stage of differenti- 
ion at which myc is inactive; this seems unlikely, however, as 
ell hybridization occurs preferentially between proliferating 
B cells”? and it has been shown that B cells induced to proliferate 
express the c-myc oncogene”!. 

Recently, Rabbitts er al? have shown that normal c-myc 
transcripts are expressed in the Burkitt lymphoma cell line Raji 
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Fig. 3 Northern blot analysis of RNA from the human cell line 
SK-DHL2B (lane 1) and two Burkitt lymphoma cell lines, ST486 
and Daudi (lanes 2 and 3, respectively). The RNAs were hybridized 
as follows: a, with the 5’ exon probe of the human c-myc gene’; 
and b, with pRyc7.4 probe, specific for exons 2 and 3 (ref. 6). All 
three lymphoma cell lines showed the 2.4-2.2-kb c-myc transcript 
with the pRyc7.4 probe (b); the same transcripts were detected 
only in Daudi cells using the 5’ exon probe (a, lane 3). In ST486 
cells only the 0.9- and 0.7-kb transcripts derived from the decapi- 
tated first exon were detected using the exon | probe (a, lane 2); 
no myc transcripts were detected in SK-DHL2B with this probe 
(a, lane 1), indicating that neither the normal c-myc gene nor the 
decapitated first exon was transcribed in this cell line. 

Methods. Cytoplasmic RNA was extracted, glyoxylated and 20 pg 
of each sample were separated by 1.0% agarose gel electrophoresis 
and transferred to nitrocellulose filters’. The filters were hybridized 
at 37°C for 30h in 40% formamide, 10 mM phosphate buffer pH 
6.5, 4x SSC, 1x Denhardt's, 200 pg mi~’ BSA, 10% dextran sul- 
phate and Sygml™' of a **P-labelled nick-translated probe 
(specific activity 10°c.p.m.yg™'). Hybridized filters were then 
washed with 2x SSC, 0.1% SDS at room temperature, then at 
55°C with 0.1 x SSC, 0.1% SDS, and autoradiographed at —70 °C. 


and have speculated that the expression of the normal c-myc 
allele results from mutations of the translocated c-myc gene, 
yielding an altered c-myc protein that is unable to autoregulate 
normal c-myc transcription. This interpretation is not supported 
by the results of Tonegawa and his associates, however, who 
have observed co-expression of normal and translocated myc 
transcripts in human lymphoblastoid cells transfected with a 
cloned translocated c-myc gene (S. Tonegawa, personal com- 
munication) from the same SK-DHL (Manca) line studied here. 
As SK-DHL cells express only the translocated c-myc gene (Fig. 
3), if the normal c-myc oncogene were autoregulated by the 
translocated c-myc oncogene, co-expression of the normal and 
the translocated myc gene should not be observed in transfec- 
tants. 

We have also observed co-expression of translocated and 
normal c-myc genes in lymphoblastoid-like hybrids between 
Daudi and human lymphoblastoid cells”*. Thus, co-expression 
of normal and rearranged (SK-DHL-derived; S. Tonegawa, 
personal communication) or translocated (Daudi-derived; 
C.M.C. et al") c-myc genes in lymphoblastoid cells seems to 
rule out direct c-myc autoregulation. We have confirmed the 
observation of Rabbitts et al.” that the untranslocated c-myc 
gene is transcribed in Raji cells, however, by performing S,- 
nuclease protection experiments using a c-myc exon | probe to 
quantitate the levels of c-myc transcripts of the translocated 
versus the untranslocated c-myc oncogene, we found that the 
level of normal c-myc transcripts is less than 5% of the level of 
transcripts of the translocated c-myc gene (K. Nishikura and 
C.M.C., unpublished results). We have also found co-expression 
of transcripts of the normal and the translocated c-myc gene in 
CA46 Burkitt lymphoma cells, in which the level of the normal 
myc transcripts is less than 2% of the level of transcripts of the 
translocated c-myc oncogene (data not shown). Thus, most, but 
not all, Burkitt lymphomas suppress completely the expression 
of the normal c-myc oncogene. A possible explanation for vari- 
ation in the level of suppression of the normal c-myc gene in 
Burkitt lymphomas is that different Burkitt lymphoma cells may 
represent cells at different stages of B-cell differentiation. 
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Fig...4 S, nuclease analysis of c-myc RNA in the mouse 
spleen/human SK-DHL2B hybrid cells. Due to the difference in 
nucleotide sequence, we were able to distinguish between the 
murine and human c-myc transcripts using two different CDNA 
probes®**°, In a, a human c-myc cDNA probe (Ryc7.4) specific 
for exons 2 and 3 of the c-myc gene was used®. The expected 
S,-nuclease-resistant product using this probe is 1,034 base pairs 
(bp) long. Hybrids SKM 6.2.4 SCI 1, 3 and 6 (lanes 3, 4 and 5, 
respectively) all expressed the same levels of human c-myc tran- 
scripts as the parental cell line SK-DHL2B (lane 2). In b, the same 
RNAs were analysed with a mouse c-myc probe. The expected 
S,-nuclease-resistant product, which is 900 bp long, was detected 
in mouse spleen cells before (lane 6) and after (lane 7) mitogenic 
stimulation as well as in mouse myeloma P3Bu (lane 8). No 
protected fragments were detected in the hybrid cells (lanes 3-5). 
Methods. RNA was prepared by phenol extraction in the presence 
of 1% SDS from Nonidet P-40 cell lysates after separation of the 
nuclear fraction. RNA (20 ug per sample) was hybridized with a 
[5’-?*P]-end-labelled DNA probe in 80% formamide for 12 h. After 
digestion of the hybrid product with 3,000 IU of S, nuclease 
(Boehringer) at 37°C for 60 min, the protected fragments were 
analysed in a 7 M urea, 4% polyacrylamide gel. ®X174 Haet- 
digested DNA was used as a size marker. 


To conclude, hybrids between the SK-DHL2B Burkitt lym- 
phoma (in which the normal c-myc gene is transcriptionally 
silent) and LPS-stimulated mouse spleen cells (in which the 
murine c-myc gene is actively transcribed) retain the phenotype 
of the Burkitt lymphoma parental cells, segregate mouse 
chromosomes and suppress expression of the normal murine 
c-myc gene. It is unlikely that the suppression of the murine 
c-myc gene in these hybrids is due to lack of some mouse-specific 
factor, or to selection of hybrid cells derived from non-prolif- 
erating mouse parental cells, nor is suppression mediated by an 
autoregulatory function of the gene product of the translocated 
c-myc locus. Instead, we favour the theory that Burkitt’s lym- 
phoma cells represent a state of B-cell differentiation in which 
anormal c-myc gene is normally silent, that is, Burkitt lymphoma 
cells and their postulated normal counterpart in the B-cell 
lineage are nonpermissive (or nearly so) for expression of an 
intact c-myc gene. 

We thank Drs Stuart Schlossman and Kenneth Kortright for 
gifts of monoclonal antibody Bl and Dr S. Baird for providing 
B-532 ascites. S.F. is on leave from the Instituto di Biologie 
dello Sviluppo (CNR) Palermo, Italy. This study was supported 
in part by NCI grants CA16685 and CA36521. 


Received 25 September; accepted 12 November 1984. 


L Dalla Favera, R. et al Proc. nam. Acad. Sci. U.S.A. 79, 7824-7827 (1982). 

2. Neel, B. G., Jhanwar, S. C., Chaganti, R. S. K. & Hayward, W. S. Proc. natn. Acad, Sci. 
U.S.A. 79, 7842-7846 (1982). 

3. Taub, R. et al Proc. natn. Acad. Sci. U.S.A. 79, 7837-784} {1982}. 











4 Dalla Favera, R, Martinotti, S., Gallo, R. C., Erikson, J. & Croce, Č. M: Science 21 
963-967 (1983). 

5. Erikson, J., ar-Rushdi, A., Drwinga, H. L., Nowell, P. C. & Croce, €. M. Pror. natn. Acad: 
Sci. U.S.A. 80, 4822-4826 (1983). 

6. Nishikura, K. et al. Proc. natn. Acad. Sci. U.S.A. 80, 4822-4826 (1983). 

7. ar-Rushdi, A. et al. Science 222, 390-393 (1983). 

8. Croce, C. M. et al. Proc. natn. Acad. Sci. U.S.A. 80, 6922-6929 (1983). 

9. Erikson, J. et al. Proc. natn, Acad, Sci. U.S.A. 86, 7581-7585 (1983). 

10. Bernard, O. et al. EMBO J. 2, 2375-2383 (1983). 

tE Taub, R. et al Cell 36, 339-348 (1984). 

12. Croce, C. M. & Koprowski, H. J. exp. Med. 146, 1221-1229 (1974). 

13. Croce, C. M., Aden, D. & Koprowski, H. Science 190, 1200-1202 (1975). 

14. Croce, C. M. Proc. natn, Acad. Sci. U.S.A. 74, 315-318 (1977), 

15. Nishikori, M. et al. Cancer Genet, Cytogenet. 12, 39-50 (1984). 

t6. Hayday, A. C. et al Nature 307, 334-340 (1984). 

17. Adams, J., Gerondakis, S., Webb, E., Corcoran, L. M. & Cory, 
U.S.A. 80, 1982-1986 (1983). 

18. Marcu, K. B. et al. Proc. natn. Acad. Sci, U.S.A. 80, 519-522 (1983). 

19. Watt, R. et al Proc, natn. Acad. Sci. U.S.A. 80, 6307-6311 (1983). 

20. Andersson, J., Coutinho, A. & Melchers, F. J. exp. Med. 148, 1520-1530 (1977). 

21. Kelly, K., Cochran, B. H., Stiles, ©. D. & Leder, P. Cell 35, 603-610 (1983). 

22, Rabbits, F. H., Forster, A., Hamlyn, P. & Baer, R. Nature 309, 592-597 (1984), 

23. Croce, C. M., Erikson, J, Huebner, K. & Nishikura, K. Science (in the press). 

24. Frisman, D., Slovin, S., Royston, I. & Baird, S. Blood 62, 1224-1229 (1983), 

25. Nadler, L. M., Ritz, J., Hardy, R., Pesandro, J. M. & Schlossman, S. F. J. clin. Invest. 67, 
134-140 (1981). 


. Proc. natn. Acad. Sei: 





Detection of single base 
substitutions in total genomic DNA 


Richard M. Myers*, Nadya Lumelskyt, 
Leonard S. Lermantit & Tom Maniatis* 


* Department of Biochemistry and Molecular Biology, 

Harvard University, 7 Divinity Avenue, Cambridge, 

Massachusetts 02138, USA 

+ Department of Biological Sciences, State University of New York, 
Albany, New York 12222, USA 








Certain single base substitutions causing genetic diseases'* or 
resulting in polymorphisms linked to mutant alleles*’, alter a ` 
restriction enzyme cleavage site and can therefore be detected in 
total genomic DNA using DNA blots. Many base substitutions 
do not lead to an altered restriction site, but these can be detected 
using synthetic oligonucleotides as hybridization probes if the | 
DNA sequence surrounding the base substitution is known®”, In 
the case of 8-thalassaemia, where 22 different single base muta- 
tions have been identified’, a large number of probes would be 
required for diagnosis. An approach which was used to detect 
mutations in viral DNA involves the S, nuclease treatment of 
heteroduplexes formed between wild-type and mutant DNA". 
Although certain single base mismatches are cleaved by S, nuclease 
(ref. 11 and T. Shenk, personal communication), many other . 
mismatches examined by this procedure are not cleaved (B. Seed, © 
personal communication; R.M.M., unpublished data). Heterodu- 
plexes between mutant and wild-type subgenomic fragments of | 
double-stranded reovirus RNA migrate slower than the correspond- 
ing homoduplexes in polyacrylamide gels containing 7 M urea’* 
but it is not known whether this method is applicable to DNA 
heteroduplexes containing single base mismatches. Here we 
describe a procedure that involves the electrophoretic separation 
of DNA heteroduplexes in a well-characterized gel system'*. We 
show that four different human B-thalassaemia alleles with known 
single base mutations can be detected with as little as 5 pg of 
total genomic DNA. The method should be useful in the localiz- - 
ation and diagnosis of mutations associated with genetic diseases. 
Single base substitutions can be detected in bacteriophage A ` 
DNA” and in cloned DNA homoduplexes (ref. 14 and R.M.M. 
et al., manuscript in preparation) by electrophoresis through a 
polyacrylamide gel containing a gradient of DNA denaturants 
parallel to the direction of electrophoresis. The separation is 
based on differences in the melting behaviour of the wild-type’. 
and mutant DNA molecules (see ref. 14 for discussion): We 
have found that these differences in DNA melting are increased’ 
in heteroduplexes containing a single base mismatch (manu- 
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Fig. 1 Schematic diagram showing the location of four B-thalassaemia mutations in the human B-globin gene. The entire gene, which contains 
three exons and two intervening sequences (IVS), is shown at the top of the figure. Each of the single base substitutions, numbered according 
to their positions within IVS-1, are indicated in the expansion of the IVS-1 region shown below the gene. The IVS-1 positions | and 6 alleles 
were described by Orkin et al”, and IVS-1 110 was originally reported by Westaway and Williamson” and Spritz et al?'. The IVS-1 position 
5 mutation was localized by Atweh et al.'®. The DNA fragment used to prepare a single-stranded hybridization probe extends from an Ncol 
site at position +50 in exon | to a BamHI site at position +478 in exon 27°, The probe, complementary to the sense strand of the globin gene, 
is shown at the bottom of the figure. 

Methods. **P-labelled probe was prepared as follows: The Ncol to BamHI fragment was inserted into the plasmid pMHB8 (R.M.M., 
unpublished) which carries a phage M13 origin of DNA replication”. The resulting plasmid (pGCH 1!) was used to prepare single-stranded 
DNA template by infecting the F’ strain (LE392 F’) carrying the plasmid with the M13 phage rv1”. A mixture of single-stranded pGCHB1 
and helper rv] DNA was then recovered as described previously~’. **P-labelled single-stranded DNA probe was synthesized by extension of 
a synthetic oligonucleotide primer homologous to the plasmid sequence adjacent to the Ncol to BamHI insert in pGCH# 1. 10 pmol primer 
was mixed with | pmol single-stranded DNA template at 40 °C for 10 min, followed by incubation with 5 units of Klenow fragment polymerase 
(New England Biolabs) for 1 h at 22°C. The 30-pl reaction mixture contained 100 Ci [a-?*P]dATP (~ 1,000 Ci mmol™!), 150 uM dGTP, 
dCTP and dTTP in 6 mM Tris-HCl (pH 7.4), 50mM NaCl, 6mM MgCl, and 2 mM dithiothreitol**. The reaction mixture was incubated at 
22°C for 1 h and the reaction was terminated by heating at 70°C for 5 min. The probe was truncated by digestion with NcoI and purified by 
electrophoresis on a 4% polyacrylamide/7 M urea gel. Trace amounts of contaminating double-stranded material were removed by treating 
the probe preparation with restriction enzymes that do not cleave single-stranded DNA (AccI, Xholl, Mboll, Mnll, Hphl and Alul). The 
enzymes were inactivated by incubation at 75 °C for S min and the probe recovered by ethanol precipitation. This procedure yielded ~ 100 ng 
of single-stranded DNA probe with a specific activity of 2 x 10° c.p.m. pg”. 



















script in preparation). Thus, the separation of heteroduplexes 
and wild-type homoduplexes is significantly greater than the 
paration of wild-type and mutant homoduplexes on denatur- 

ing gradient gels. 
“~~ We have examined four well-characterized 6-thalassaemia 
mutations, each one resulting from a different single base substi- 
+ tution in the human -globin gene. These four mutations are 
+ localized in the first intervening sequence (IVS-1) of the B-globin 
gene’*'®, and each has been shown to cause defects in RNA 
splicing (refs 15, 17 and B. Forget, personal communication). 
DNA samples containing the B-thalassaemia mutations located 
at FVS-1 positions 1, 5, 6 and 110 (Fig. 1) were digested with 
restriction enzymes that cleave outside of the fragment of 
interest, denatured by boiling and mixed with a 6,400-fold excess 
of a labelled single-stranded DNA probe. After annealing, the 
hybridization mix was digested with S, nuclease to remove the 
unreacted. probe and genomic DNA sequences. The duplex 
DNA was then digested with the restriction enzyme Haelll 
which generates a 272-base pair duplex DNA fragment 
containing IVS-1. This DNA fragment was then subjected to 
electrophoresis on a denaturing gradient polyacrylamide gel, 
followed by autoradiography. 

Initially, we examined duplexes formed between the 
labelled probe and cloned DNA fragments containing the g- 


thalassaemia mutations. As shown in Fig. 2a, each of the mutant 
heteroduplexes clearly separates from the wild-type homodu- 
plexes when electrophoresed through a denaturing gradient gel 
(lanes 1-5). In the cases shown here, the separation between 
mutant and wild-type DNA duplexes is from | to 4 cm, depend- 
ing on the mutation examined. We next demonstrated that the 
separation observed with the cloned DNA fragments can also 
be observed in total genomic DNA from £-thalassaemia 
patients. As shown in Fig. 2b (lane 1), the final gradient position 
of the duplex formed between the probe and normal human 
genomic DNA is the same as that observed with the correspond- 
ing duplex of cloned DNA (Fig. 2a, lane 1). Similarly, two 
bands were observed with a DNA sample isolated from a cell 
line derived from a patient heterozygous for the IVS-1 position 
I and IVS-1 position 6 8-thalassaemia alleles (Fig. 2b, lane 2). 
The positions of these bands are the same as those of the 
corresponding cloned DNA samples (Fig. 2a, lanes 2 and 3). 
The same is true for the IVS-1 position 110 and TVS-1 position 
5 alleles (Fig. 2b, lanes 3 and 4). The DNA sample containing 
the IVS-1 position 5 allele was obtained from a patient with two 
B-thalassaemia alleles. The second allele contains a single base 
substitution at IVS-2 position 1, which lies outside the region 
detected by the IVS-1 probe’’. Since IVS-1 in the second allele 
is wild type, the gel position of the duplex formed between the 
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Fig.2 Denaturing gradient gel electrophoresis of heteroduplexes 
between wild-type and mutant B-globin gene fragments. a, An 
autoradiogram showing the analysis of duplexes formed between 
the labelled single-stranded DNA probe and cloned DNA 
fragments from the normal human B-globin gene (lane 1), the 
IVS-1 position 1 allele (lane 2), the [VS-1 position 6 allele (lane 
3), the IVS-1 position 110 allele (lane 4), and the [VS-1 position 
5 allele (lane 5). b, An autoradiogram showing the analysis of 
duplexes formed between the labelled single-stranded DNA probe 
and genomic DNA from an individual with normal B-globin 
genes (lane 1), a patient heterozygous for the IVS-1 position | 
and IVS-1 position 6 alleles (lane 2), a patient homozygous for 
the IVS-1 position 110 allele (lane 3) and a patient heterozygous 
for the IVS-1 position 5 and IVS-2 position | alleles (lane 4). 

Methods. 10 ug of each genomic DNA sample was digested with 
Ncol and BamHI and mixed with 0.05 pmol (5 pg, ~10" c.p.m.) 
of single-stranded DNA probe in 500 mM NaCl in a final volume 
of 20 pl. The samples were placed in a boiling water bath for 5 min 
and then annealed for 4h at 50°C. The samples were chilled on 
ice and mixed with 300 yl of a solution containing 900 U ml”! S$, 
nuclease (Sigma) in 30mM sodium acetate (pH 4.4), 280 mM 
NaCl, 5 mM ZnCl, and 10 pg mi~’ denatured salmon sperm DNA 
carrier”. The reaction mix was incubated for 1h at 18 °C, and S, 
digestion terminated by the addition of 75 yl 2.5M ammonium 
acetate, 50mM EDTA and 20 pg transfer RNA. The undigested 
duplex DNA was precipitated with isopropanol and then digested 
with restriction enzyme Haelll, which cleaves the Ncol to 
BamHI fragment to produce a 272-base pair Haelll fragment 
carrying the IVS-1 mutations (Fig. 1). The DNA was then ethanol- 
precipitated and one half of the sample loaded onto a 17 cmx 
17 cm, 0.6 mm-thick 14% polyacrylamide gel containing a 30-60% 
denaturant gradient parallel to the direction of electrophoresis 
(100% denaturant=7M urea and 40% formamide; acrylamide/ 
bisacrylamide = 37.5/1). Gradient gels were formed by mixing 
stock solutions containing 60 and 30% denaturant (each denaturant 
solution contains a constant concentration of 14% acrylamide and 
TAE buffer) in a two-chambered gradient maker and dripping the 
solution from the top of the gel as it mixed. The gel was run at 
150 V for 10.5 h submerged in an aquarium containing TAE buffer 
(40 mM Tris-acetate, pH 7.4, 20 mM sodium acetate, and 1 mM 
EDTA) that was maintained at a constant temperature of 60°C by 
a heater, thermostat and stirrer. After electrophoresis the gel was 
directly subjected to autoradiography at -70°C with an 
intensifying screen. The cloned DNA samples were treated in the 
same manner as the genomic DNA, except that 0.5 yg of plasmid 
DNA was used and 0.01% of the sample was loaded on the gel. 


probe and this allele is indistinguishable from that observed 
with the normal f-globin gene (lane 1 in Fig. 2a, b). These 
results indicate that it is possible to determine unambiguously 
whether an individual is homozygous or heterozygous for a 
particular B-thalassaemia allele. 

Our protocol involves the treatment of the hybridization mix- 
ture with S, nuclease to remove the unreassociated probe and 
genomic DNA. As noted above, single base mismatches are 
rarely cleaved by S, nuclease—we have not observed cleavage 
in any of a large number of mismatches examined. In the absence 









. a smaller amount of probe is used, but longer hybridi 














































of S, nuclease digestion, ‘considerable back; 
unreacted probe is observed, making it difficult to de 
globin gene fragments. The S, nuclease step can be avoi 


times are required. If the mutation of interest is a deleti 
addition it is probable that S, will cleave the heteroduple 
generate two smaller fragments (ref. 12 and B. Seed, pers 
communication). Thus, the presence of the mutation wi 
indicated by the disappearance of the heteroduplex DNA 
the appearance of two smaller DNA fragments. 

Although the genomic DNA heteroduplex method hass 
advantages over procedures used currently for detecting. 
tions in total genomic DNA, some single base substitutio 
not lead to a shift in gradient position of the heteroduple 
denaturing gradient gels. For example, a heteroduplex be 
the wild-type probe and the thalassaemia allele with a ( 
transition at IVS-2, position 1 (ref. 17) does not separati 
the wild-type homoduplex (data not shown). The fail 
certain mutant B-globin alleles to separate from wild-type I 
fragments is a property of the melting behaviour of DN 
duplex DNA moves through the concentration gradien 
denaturants in the polyacrylamide gel, melting occurs in dis 
domains. If the mutation is located in the highest-temper 
melting domain, or. if the fragment melts as a single dom 
no shift is observed. In some cases this problem can be ove 
by choosing a different restriction enzyme which would 
the mutation in a fragment with a higher melting domai 
any case, studies of the meltirg behaviour of many DN 
ments indicate that between <5 and 40% of all possible s 
base substitution mutations in most genes should be detec 
by this method. Work is in progress to modify the procedu 
that all single base substitutions can be detected. 

Although the genomic heteroduplex method reporte 
cannot be used to identify all single base substitutions, it $ 
be applicable to a variety of problems in molecular ge 
For example, a similar procedure has been used. to 
different alleles or somatic variants of immunoglobulin g 
(J. Scott, L.S.L. and G. P. Smith, personal communication 
addition to the detection of well-characterized mutations as 
ated with a genetic disease, as shown here, the ge 
heteroduplex procedure should facilitate the identificat 
new sequence polymorphisms for human genetic lin 
studies'*'*. In contrast to current methods used to dete 
polymorphic variants, this procedure obviates the need to.s¢ 
each DNA sample with a large number of different rest 
endonucleases. Finally, the genomic heteroduplex me 
should be useful for localizing mutations in a variety of ex 
mental systems in which mutants can be phenotypically sele 
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‘The function of introns in the evolution of genes can be explained 
‘in-at least two ways: either introns appeared late in evolution and 
therefore could not have participated in the construction of primor- 
dial genes, or RNA splicing and introns existed in the earliest 
organisms but were lost during the evolution of the modern pro- 
` karyotes. The latter alternative allows the possibility of intron 
‘participation in the formation of primordial genes before the 
divergence of modern prokaryotes and eukaryotes’. Blake? sug- 
gested that evidence for intron-facilitated evolution of a gene might 
be found by comparing the borders of functional protein domains 
with the placement of introns. We therefore examined glyceral- 
ehyde phosphate dehydrogenase (GAPDH), a glycolytic enzyme, 
“because it is the first protein for which the following data are 
available: (1) X-ray crystallographic studies demonstrating struc- 
urally independent protein ‘domains’ which were highly conserved 
during the divergence of prokaryotes and eukaryotes*”; and (2) a 
‘study of genomic organization which mapped introns in the gene®. 
Sequencing of the chicken GAPDH gene revealed 11 introns. We 
eport here that sites of three of the introns (IV, VI and XI) 
correspond closely with the borders of the NAD-binding, catalytic 
-and helical tail domains of the enzyme, supporting the hypothesis 
that introns did have a role in the evolution of primitive genes. In 
addition, other biochemical and structural data were used to con- 
‘Struct a model of the intron-mediated assembly of the GAPDH 
-gene that explains the existence of 10 introns. 
GAPDH is present in both prokaryotes and eukaryotes and 
‘is highly conserved across great evolutionary distances (see Fig. 
1). GAPDH amino acid sequences from seven species (eight 
senes) were compared for homology as described in Fig. | 
egend. The proteins from all the species examined are nearly 
-equal in length (332-334 amino acids) and the numerous amino 





“Table 1 Concordance of protein domain borders with exon borders 





Domain Exon 
border border 
(amino acid (amino acid Intron 
no.) no.) 
Nucleotide-binding site | 
\ 75-90 76-77 IV 
Nucleotide-binding site 2 
} 148-149 144-146 VI 
Catalytic domain 
\ 315-316 309-311 xI 
Helical element 





Domain borders were determined by X-ray crystallography’, and 
-exon borders by sequencing the chicken GAPDH gene’. 





ds that are wholly conser ig all v 
scattered throughout the protein, suggesting that these variants 
arose from a single ancestral gene and that no exon addition, 
deletion or rearrangement occurred after the divergence of the 
modern prokaryotes and eukaryotes. Therefore, the proteins 
compared in Fig. | are similar not only to each other, but also 
to the primordial GAPDH protein. Thus, many structural clues 
to the ontogeny of the ancestral GAPDH gene may remain 
relatively undisturbed in an organism that has intervening 
sequences in its DNA. 

Conceptually, intervening sequences could have had two 
broad roles in the formation of modern genes: associative?’ 
(type A) and divisive (type B). An associative intron would 
come into being when two unrelated exons were joined by an 
unequal recombination of two genes. The introns would render 
this gene fusion event insensitive to a shift in the reading frame, 
and allow a novel unequal recombination to succeed within a 
target site of thousands of nucleotides instead of one or just a 
few”’. Hence, a ‘type A’ intron would ‘function’ evolutionarily 
by increasing the frequency of successful shuffling of gene 
segments. If the early organisms contained such introns (and 
the necessary RNA splicing machinery), they also might have 
tolerated random insertions of DNA (bearing rudimentary 
splicing signals) into previously intact genes. Such ‘type B’ 
introns could arise by aberrant recombination, retrovirus or 
transposon integration, or by retrovirus-mediated insertion of 
cellular mRNA sequences. 

If introns arose in this manner during the evolutionary 
assembly of a gene, some evidence for these events might still 
be found in the structures of the protein and gene: for example, 
if an associative intron facilitated the original assembly of a 
crystallographically defined domain, one might expect to find 
that two or more amino acid residues which are essential to the 
function of the domain, are encoded by gene segments split by 
an intron (type Al). If an intron mediated the duplication of a 
complete domain (type A2), the portion of the gene encoding 
the junction of the duplicated domains should contain the 
intervening sequence. Such A2 introns probably mediated the 
assembly of the three domains of ovomucoid’, the four domains 
of the immunoglobulin heavy-chain constant region’, the 
numerous 18-amino acid domains of collagen'®, and the three 
domains of a-fetoprotein''. If an intron participated in the novel 
association of two different functional domains (type A3), one 
would expect to find the same concordance of domain border 
and intron placement as seen in the A2 case. The A3 intron is 
probably responsible for the joining of a very similar NAD- 
binding domain to the different catalytic domains of the various 
dehydrogenases. Finally, if an intron arose as a divisive element 
(type B), it would separate a previously contiguous exon into 
two halves and would closely mimick the Al case. However, 
one could still differentiate between the two cases whenever the 
divisive event occurred in a previously duplicated domain, that 
is, an Al intron would be duplicated when the gene segment 


Table 2 Quantitation of half-hydrogen bonds within and outside pro- 
tein segments encoded by chicken GAPDH exons 





Exon In Out % Out 
H 0 9 100 
Wt 24 12 33 
Iv 24 8 25 
V 8 25 65 
VI 18 12 40 
Vil 26 10 27 
Vill 24 16 40 
1X 2 27 93 
x 22 4 15 
XI 14 ll 44 
XII 38 2 5 





The above data were calculated from the main-chain hydrogen- 
bonding scheme of Moras et al'>. 
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Fig. 1 Conservation of GAPDH amino acid sequences among seven species (eight genes). Amino acid sequences from Thermus aquaticus Af 

Bacillus stearothermophilus’, Saccharomyces cerevisiae (two genes)”, lobster'*, pig'*, chicken'? and human!’, were aligned and compared for 

sequence homology. Occasionally insertions or deletions of an amino acid were assumed to maintain the sequences in register, but in no case 

was the number of these assumptions per sequence greater than three. The amino acid residues of the composite GAPDH protein are given 

on the abscissa and the number of genes that agree at that residue plotted on the ordinate. Roman numerals indicate the positions of intervening 
sequences within the chicken GAPDH gene. 


encoding the domain was duplicated, while a late-arriving B 
intron would have no homologue in the duplicated gene 
segment. 

The chicken GAPDH gene lies within a 4.6-kilobase (kb) 
DNA fragment that was cloned and sequenced (Fig. 2). Com- 
parison of this genomic DNA sequence with the previously 
published GAPDH mRNA sequence’? revealed the existence 
of {1 introns; the amino acid codons split by these introns are 
given in Fig. 2. Intron I falls in the 5’-noncoding region of 
GAPDH mRNA and thus could not have participated in the 
evolutionary association of functional protein domains or their 
component. subdomains, as suggested for all but one of the 
remaining introns. The locations of three of the intervening 
sequences correspond closely with the boundaries of four pro- 
tein domains detected by X-ray crystallography*’* (Table 1). 
Specifically, intron IV divides the two mononucleotide-binding 
domains (type A2); intron VI separates the catalytic domain 
from the dinucleotide-binding domain (type A3); and intron XI 
separates the helical element (shared by several different dehy- 
drogenases) from the remainder of the protein (type A3). This 
concordance strongly suggests that introns participated in the 
construction of the GAPDH gene and therefore supports the 
hypothesis that RNA splicing occurred in very early organisms. 

Examination of the hydrogen bonding of the peptides encoded 
by the various exons should indicate the degree of structural 
independence of each polypeptide from the rest of the protein. 
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Fig. 2 Structural map of the chicken GAPDH gene. A detailed 
restriction map of the 4.65-kb XhoI/ EcoRI fragment was obtained 
from a plasmid subclone (pGAD-13) of chicken genomic DNA, 
and the entire GAPDH gene was sequenced as reported by Stone 
et al®. Restriction sites: Cla, Clal; K, Kpnl; S, Smal; and P, PstI. 
Solid bars indicate GAPDH mRNA sequences: solid lines rep- 
resent introns and flanking DNA. Small numbers indicate the 
terminal codon of each exon. The polymerase entry site (TATAA), 
initiation codon (ATG), catalytic cysteine (Cys 149) and poly-(A) 
addition signal (AATAAA) are also indicated. 

























The degree of autonomy of a protein segment may reflect the 
likelihood of it retaining its function if transferred into a new 
host protein by a gene fusion event. Table 2 gives an analysis | 
of GAPDH hydrogen bonding, determined by X-ray crystal- 
lography'? (summarized in Fig. 3). The domains given in Table 
1 share <15% of their hydrogen bonds with residues of other 
domains. The polypeptide encoded by exon X is as independent 
by this criterion as the second mononucleotide-binding domain: 
encoded by exons V and VI. Thus, we suggest that the introns 
flanking exon X are of the A3 type. 

The exons separated by introns H, III, V, VII and VHI are 
highly dependent on others for the structure of the peptides’ 
they encode, and thus encode subdomains. Therefore, these: 
introns must be of the Al or B type. Introns VII and VHI 
separate three exons that each contain at least one essential 
component of the catalytic site. Exon VII contains the catalytic 
cysteine 149, exon VIII the destabilizing histidine 176 as well: 
as the phosphate-binding lysine 191, and exon IX the other 
phosphate-binding residue, arginine 231 (ref. 14). Thus, introns. 
VII and VIII probably participated in the initial Al type. 
assembly of the catalytic domain. The NAD-binding domain 
was formed by the duplication of a mononucleotide-binding | 
unit* and an Al type introns that existed in the mononucleotide. 
unit must also have been duplicated. Projected onto the protein, 
introns II and V exist in structurally equivalent sites in the 
NAD-binding domain (they each fall between the two B-sheets 
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Fig. 3 Representation of hydrogen-bonding dependence of 
several regions of the GAPDH protein. Percentages were calculated 
from the main-chain hydrogen-bonding scheme of Moras et al”. 
Roman numerals denote portions of the protein encoded by various 
exons of the chicken gene. A2 and A3 are intron types as described 
in the text. Calculation of % hydrogen bonding not including 
exon Xis indicated by an asterisk. The number of an intron is the 
same as the exon that it follows. 
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Fig. 4 Proposed ontogeny of the intervening sequences in the 
ancestral GAPDH gene. Functional domains and subdomains 
encoded by various exons of the GAPDH gene include the nucleo- 
tide-binding site (NBS), the polypeptide containing cysteine 149 
(Cys), the polypeptide containing arginine 231 (Arg), the polypep- 
tide containing histidine 176 and lysine 191 (His Lys), the polypep- 
tide encoded by exon X (X), and the a-helical element shared by 
several dehydrogenases (Helix). Al, A2, A3 and B indicate the 
class of exonic connection mediated by the various introns, as 
defined in the text. 





of a mononucleotide unit) and are thus most probably dupli- 
cated Al introns. Conversely, intron HI does not have a 
homologue in the second mononucleotide-binding unit and, 
therefore, probably arose by B-type DNA insertion into a pre- 
viously intact exon. 
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Glycogen phosphorylase (E.C.2.4.1. 1) was the first enzyme shown 
to be regulated by allosteric effectors’ and by protein phosphoryla- 
_ tion’. Transcriptional control of bacterial phosphorylases” further 
extends the range of regulatory mechanisms by which phos- 
phorylases contribute to the control of carbohydrate metabolism. 
Despite their regulatory differences, all known phosphorylases 
share catalytic and structural properties** and a strongly conserved 
pyridoxal-5’-phosphate binding site’; this makes phosphorylases 
highly attractive for investigations into the evolution of regulatory 
mechanisms’®. The primary® and tertiary*!'~"’ structure of rabbit 
muscle phosphorylase has been determined completely. Recently, 
comparable amino acid sequences from plants'*'° and bacteria 
have been resolved. Here we report the sequence of 687 amino 
acids of Escherichia coli maltodextrin phosphorylase, deduced 
from a cloned malP gene sequence. Alignment of animal and 
bacterial phosphorylase sequences shows strong homology (48%) 
throughout 91% of the polypeptide chain enclosing the extrinsic 
catalytic region. Within this region, structural homology identifies 
a. presumed phosphate-binding site from which the allosteric 5’ 
AMP binding site of rabbit muscle phosphorylase might have 
developed. From the decreased alignment at the N-terminus and 
e presence of additional residues compared with bacterial phos- 
phorylases, we conclude that the regulatory sequences that also 
carry the phosphorylation site in the muscle enzyme were joined 
_ toa presumed ancestral precursor gene by gene fusion after 
Separation of the eukaryotic and prokaryotic lines of descent. 














































ig marizes the hypothetical evolutionary. steps in 
the construction of the GAPDH gene; this scheme predicts that 
when the genes of other dehydrogenases are sequenced, introns 
will be found dividing the monucleotide-binding domains as 
well as the NAD-binding and catalytic domains. Similarly, it 
predicts that GAPDH gene sequences from other species will 
share the A-type introns but may differ in the number and 
position of the B-type introns. Sequencing of the genes for other 
glycolytic enzymes of higher eukaryotes should provide addi- 
tional information about the evolution of primordial genes. 
This work was supported by USPHS grant NS-15050, and a 
Research Career Development Award to R.J.S. E.M.S. is a fellow 
of the Medical Scientist Training Program of the NIH. We thank 
Dr Jeffrey Rosen and Dr Anthony Means for their helpful 
comments. 
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We have determined the almost complete DNA sequence of 
the E. coli malP gene encoding maltodextrin phosphorylase”! 
using cloned chromosomal DNA fragments” (for experimental 
details, see Fig. 1 legend). The sequenced portion contains 2,065 
base pairs (bp) coding for 687 amino acids of the mature protein 
(Figs 1, 2). The N- terminal amino acid sequence of maltodextrin 
phosphorylase?’ and the DNA sequence encoding it^ have been 
reported and were used to confirm the reading frame. In addi- 
tion, >20% of the sequence was confirmed either by sequence 
analysis or from the amino acid compositions of tryptic peptides. 
The resulting 687 contiguous amino acids have a calculated 
relative molecular mass (M,) of 78,000, representing 96% of 
the M, 81,000 determined experimentally for the maltodextrin 
phosphorylase monomer’. 

Comparison of the maltodextrin phosphorylase amino acid 
sequence (residues 1-687) with that of glycogen phosphorylase 
reveals an extraordinarily high level of homology. The best 
alignment requires the introduction of a few small deletions/in- 
sertions (Fig. 2) and the N-terminus of the mammalian enzyme 
appears to be significantly extended compared with the bacterial 
enzyme. The alignment results in 45% amino acid identity and 
17% conservative replacements, giving 62% similarity overall 
in the sequenced part of maltodextrin phosphorylase. The 
homology becomes even more pronounced (48% ) over residues 
59-687. This high level of identity equals or surpasses the values 
obtained for similar comparisons with other key enzymes of 
carbohydrate metabolism” 

In the catalytic region, all residues presumably involved in 
cofactor or substrate binding*''"'’ (see Fig. 2) are conserved in 
the primary structure, except position Glu 645. Note that the 
residues favoured for substrate contacts at the ‘glycogen storage 
site’ (positions 383-440 of rabbit muscle phosphorylase)**”” are 
not equally well conserved, attesting to a more indirect 
‘allosteric’ function of this site”. However, ionizable and polar 
residues, considered to be important for the structure around 
the substrate-binding site, are identical in both phos- 
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Fig. 1 The partial nucleotide sequence and derived amino acid 
sequence of the E. coli malP gene. A sequence of 2,065 nucleotides 
of the noncoding strand is shown. Nucleotides are numbered at 
the right-hand side of the figure, beginning with the first residue 
in the coding region. The sequence 1-163 and the upstream control 
sites (not shown) were determined previously by Débarbouillé et 
al?*, The amino acid sequences (one-letter code) are numbered 
beginning with the first N-terminal residue (S) of native maltodex- 
trin phosphorylase” following ATG. 

Methods. Nucleotide sequence determination was carried out by 
the Maxam-Gilbert method’? on 5'- and 3’-end labelled DNA 
fragments. DNA segments carrying the malP gene were recovered 
from two restriction fragments of the transducing phage 
@80dmalA2 (ref. 21): a 5,800-bp EcoRI- HindIII fragment”? and 
a 2,400-bp BglIl-Bglll fragment, overlapping with the HindIII 
site of the former (G. Weidinger, R.G. and D.P., unpublished). 
Approximately 93% of the nucleotide sequences was determined 
in both directions or by multiple sequencing. Underlined amino 
acid sequences were confirmed by peptide sequencing™* except 

for asparagine at position 649. 


phorylases; this is in agreement with the assumption that evol- 
ution of proteins proceeds with conservation of three- 
dimensional structure’?*°, The overall shape of the protein 
remains unaffected even if one has to accommodate the deletions 
resulting from the comparison of the primary structure of both 
enzymes. Three of the deletions found in maltodextrin phos- 
phorylase at positions corresponding to 209, 312 and 433 occur 
in loops of the muscle enzyme; the deletion at position 54 
reduces the AA’ helix'? by one turn. 

Glycogen phosphorylase is allosterically regulated by 5’ AMP; 
the effector binding site is well characterized in the three- 
dimensional structure*'?!3'7, Model building with the mal- 
todextrin phosphorylase sequence reveals a conspicuous struc- 
tural resemblance to a segment considered essential for binding 
of the phosphate moiety of 5' AMP in rabbit muscle phos- 
phorylase. The positive charges of Arg 242 and Arg 308/309 of 
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Fig. 2 Comparison of the primary structure (one-letter amino — 
acid code) of glycogen phosphorylase from rabbit muscle (upper 
line) with the amino acid sequence of maltodextrin phosphorylase 
of E. coli (lower line). The amino acid sequences were compared 
using an algorithm based on the frequencies of substitutions. in 
homologous proteins**. Gaps (-) have been inserted to maximize 
similarity. Identical amino acid residues in homologous positions 
are boxed. Amino acid residues predicted to be involved in catalytic®: 
or regulatory interactions of glycogen phosphorylase are marked 
as follows: solid bars, residues involved in cofactor binding, sub- : 
strate binding or catalysis; hatched bars, AMP effector binding 
site; @@@, covalent phosphorylation site in phosphorylase a. 


rabbit muscle phosphorylase are involved in phosphate binding. 
At the corresponding positions of the E. coli enzyme, arginine. 
residues seem to form a similar phosphate-binding pocket. The 
nucleoside portion of 5' AMP plays an equally important part 
in allosteric regulation of phosphorylases, all contacts with the 
nucleoside were detected within the N-terminal 80 amino acid 
residues of the rabbit muscle phosphorylase, but we found 
no structural homology in the bacterial enzyme within this 
region. : 

A second and more intricate control of glycogen metabolism 
in vertebrates is exerted by reversible covalent phosphorylation 
of phosphorylases. The modifying enzymes themselves are either 
under hormonal or nervous control*'. However, until now, no 
covalent phosphorylation has been demonstrated for bacterial 
phosphorylases. In all cases investigated, a conserved phos 
phorylated peptide can be isolated from the N-terminus of the 
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Fig.3 Alignment of the N-terminal amino acid 

































rertebrate enzymes®’”*, From the alignment shown in Fig. 2 it 
s obvious that owing to the shorter chain length, the substrate 
‘site for phosphorylase kinase is not present in the bacterial 
nzyme. A more detailed inspection of the respective N-termini, 
ncluding the corresponding amino acid sequences from dog- 
fish’, potato'® and Streptococcus pneumoniae*?, shows no 
equences common to all five enzymes, but varying degrees of 
elatedness between individual pairs, reflecting their evolution- 
ry distance from each other (Fig. 3). Only the N-termini of 
muscle phosphorylases are identical in size, related in composi- 
ion and carry the regulatory phosphorylation site; the corre- 
ponding plant enzyme sequence is two amino acids longer, 
iffering more in composition and cannot be phosphorylated. 
‘onservation of sequences common to all five enzymes starts 
vith residue 80 of rabbit muscle phosphorylase; an explanation 
or this derives from the arrangement of structural and catalytic 
lements that are well defined in rabbit muscle phosphory- 
ase'''*_residue 80 marks the beginning of the first B-strand 
f the central B-pleated sheet which forms part of the catalytic 
centre. 

The nature of the presumed ancestral precursor gene is 
unknown, but we realize that catalysis in present-day phos- 
horylases does not depend on a unique composition of the 
-terminus evolved independently of the catalytic core. Free- 
dom from selective constraints in one part of the protein allowed 
the emergence of regulatory functions in vertebrates. The almost 
identical N-terminal sequences in vertebrates imply that the rate 
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19 20 30 40 50 
OWERRKQISYVRGL sequences of phosphorylases. from eukaryotes: 
DQEKRKQISVRGLAGVENVTELKKDFORHL-HFTLVKNRNVAT-PRDYY dogfish muscle (Ss-P), rabbit muscle (RM-P), 
ae ne . TAA R potato tuber (PT-P); and prokaryotes: E. coli 
EQGGESDLESSFAP----DAASITSSIKYNACJETPVFEPERFĘLPKAFE 

= i if i (Ec-P), S.. pneumoniae (Sp-P). The best align- 
| d i a H ment’ of all the sequences requires slightly 
SQPLFNDK yee uee YGLN-SAAEMT-PRQWW different use of arbitrary gaps (-) compared 
MLSLOEFVQN---RY--NKTIAECS-NEELY with Fig. 2. Identities or favoured amino acid 
substitutions among two residues of either 
eukaryotic or prokaryotic phosphorylases are 
60 0 p 90 100 marked by *; identities or favoured substitu- 
MGRTLQNTH tions among three to five residues of both lines 
A TVROWLVGRWIRTQQHYYEKDP----KRIYYLSLOFYMGRTLONTMYANL are marked by vertical bars, roughly 
* Noes eer a eae oa a Re hae Siete Gas” ie hae : pes ; 
A SVYROUSLLINYNATYD-IYEKRLNM---KQAYYLSMEFLQGRALLNAIGNL proportional in size to the alignment score™®. 
LOATI HE aiii Tit 
i Paget oid HE a Jiii H 
R VSEACA-EMLRAQP--FAKPVANQ-KHVRYISHEFLIGRLIGHNLLNL 
> . À kee witha’: ces ei EA ocala he Bese 
Ried ea e E LL-NYSRLAS--SQKPVNTIGKKKVYYISAEFLIGKLLESNELINL 


of evolution became very slow after this control was established 
450 Myr agoô. 

There are several possible explanations for the onset of 
covalent regulation in phosphorylases. A model in which a 
preformed nucleotide sequence encoding a phosphorylatable 
peptide was fused to the ancestral phosphorylase gene is sup- 
ported by the following evidence. A common peptide sequence 
distinguishes classes of protein kinase substrates*'; the phos- 
phorylatable sites in vertebrate phosphorylases conform com- 
pletely to one of these prototype patterns. This points to a 
common origin of the corresponding coding sequences. Similar 
to the modular construction?™™ of phosphorylases proposed 
here, the cyclic AMP-binding domain of the bacterial catabolite 
gene activator protein and that of the mamalian cyclic AMP- 
dependent protein kinase constitute homologous modules in 
otherwise unrelated enzymes**. Finally, we might ask how 
allosteric or covalent control evolved with time. From our data 
it is conceivable that the allosteric effector site developed from 
a primitive (secondary) phosphoryl-binding site**. Completion 
of the allosteric ligand-binding site depended on the presence 
of the extended N-terminus (carrying also the phosphorylatable 
site) and profited from its genetic variability. 
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-Terrestrial catastrophism: 
Nemesis or galaxy? 


CLUBE and Napier' have claimed recently 
that the hypothesis of an unseen solar 
companion triggering periodic mass 
extinctions** can be eliminated. We dis- 
agree with their analysis. More impor- 
tantly we point out that our theory has 
beer completely misquoted. Their state- 
meni that “the binary system would not 
in general maintain the high eccentricity 
necessary for Oort cloud perturbations” 
attacks only one variant of the solar- 
companion theory, that given by Whitmire 
and Jackson’, who conjectured that a high 
eccentricity was necessary to perturb the 
inner Oort cloud sufficiently to explain 
periodicity. in mass ` extinctions. Our 
‘variant of the: solar-companion theory? 
does notin fact require an unusual eccen- 
tricity, e, any greater than the typical 
phase-space average value e = 0.7. 

Two further points of Clube and Napier 
are clearly misleading. First, in stating that 
“among binaries with  solar-type 
primaries, only ~1% have periods in 
excess of 0.3 Myr”, they do not mention 
that this is caused by a purely observa- 
tional bias, as wider pairs cannot be rec- 
ognized by eye against the background 
stars on the sky. instead, systematic 
searches for very wide binaries can be 
carried out only statistically, by perform- 
_ ing a correlation test over an entire field 
| to obtain binary candidates’, followed by 
a confirmation through, for example, 
radial velocity measurements*. Indeed, 
these studies** have indicated a high 
incidence (~15% according to ref. 4) of 
very wide binaries with separations of 
~0.1 pe (the expected original separation 
between the sun and the hypothetical com- 
panion starf, at the time of the formation 
of the solar system). Clube and Napier 
seem to have ignored this result of ref. 4, 
which is quoted in our paper’. Secondly, 
their statement that “only ~3% of binaries 
have eccentricities 20.75” is again mis- 
leading as it does not apply at all to very 
wide binaries, for which the observations 
tell us nothing about the eccentricity*”. 

There are other points on which we 
disagree. For example, we find a galactic 
modulation of comet perturbations to be 
significantly out-of-phase with peri- 
odicities in extinctions as well as crater- 
ing’; we estimate the expected lifetime of 
comets and wide binaries under the 
influence of passages with giant molecular 
clouds to be two or three orders of magni- 
tude larger than Clube and Napier claim 
(P.H. and S. Tremaine, in preparation); 
we agree with P. Thaddeus and G. A. 
Chanan (unpublished) that galactic 
modulation of passages through interstel- 
lar clouds is orders of magnitude too weak 
to generate detectable periodicities in 
comet perturbations. These differences 





between our respective theories will be 
resolved by more detailed research and we 
shall not address them here. What we do 
object to is the direct misquotation of our 
work, and the misleading statements 
which indirectly misrepresent our work. 
Indeed, the hypothesis of a solar com- 
panion star, generally referred to as 
Nemesis, remains as viable as when it was 
first proposed. 


MARC DAVIS 
Departments of Astronomy and Physics, 
University of California, Berkeley, 
California 94720, USA 
Pret HUT 
Institute for Advanced Study, 
Princeton, New Jersey. 08540, USA 
RICHARD A. MULLER 
Department of Physics and 
Lawrence Berkeley Laboratory, 
University of California, Berkeley, 
California 94720, USA 


1. Clube, S. V. M. & Napier, W. M, Nature 311, 635-636 
{ 1984). 

2. Whitmire, D. P. & Jackson, A. A. Nature 308, 713-715 
(1984). 

3. Davis, M., Hut, P. & Muller, R. A. Nature 308, 715-717 
{1984}. 

4. Bahcall, J. N. & Soneira, R. M. Astrophys, J. 246, 122-135 
(1981). 

5. Latham, D. W., Tonry, J., Bahcall, J. N., Soneira, R. M. & 
Schechter, P, Astrophys. J. Lett. 281, L41-L45. 

6. Hut, P. Nature 311, 638 (1984). 

7. Muller, R. A. JAU Symp. 112, (Reidel, Dordrecht, 1984). 


CLUBE AND NAPIER REPLY—Davis, 
Hut and Muller are correct in stating that 
their version of the Nemesis hypothesis 
requires an orbital eccentricity e=0.7 as 
opposed to e20.85 in the Whitmire- 
Jackson version, but the distinction is 
scarcely relevant. Stability, not eccen- 
tricity, is the real issue and our point! is 
that their contrived orbit (the major axis 
is assumed arbitrarily to be close to the 
plane) is unstable in a galactic environ- 
ment dominated by molecular clouds. Fur- 
thermore, it has been emphasized” that, in 
arriving at the most probable theory for 
extraterrestrially-induced extinctions, it is 
necessary to consider all the relevant 
evidence; thus, it is not simply a question 
of abandoning the earlier “giant 
meteorite” scenario? and arbitrarily 
embracing star-induced comet showers* at 
~26-Myr intervals’ brought on, by a 
hypothetical unseen companion®. One 
must consider also the evidence for (1) a 
recently disturbed (~5 Myr) Oort cloud 
(inconsistent with the phase of Nemesis): 

(2) the well-known longer-term cycles’ in 
the terrestrial record (~30 and ~250 Myr 
being expectations of the galactic theory); 
and (3) the approximately constant time- 
averaged cratering rate over the last 
~3,000 Myr (inconsistent with the declin- 
ing flux implicit in the proposed evolution 
from an orbit with semi-major axis 
~0.1 AU). Davis et alf (see also Muller 
et al?) not only neglect the existence of 


the molecular cloud system, but also 
clearly fail to address these points. 
They also assert that the absence of very 


wide binaries is “caused by a purely: 
observational bias”. According to Retterer 
and King’, the absence of binaries with 
periods =0.3 Myr “represents a ‘real: 
absence of binaries rather than merely an: 
inability to detect them. If wide binaries 
were present, Bahcall and Soneira [ref. 4 
of Davis et alf} would have been able to: 
detect them in. large numbers. at separ- 
ations. up to 0.25 pe; instead they found 
no binaries wider than 0.1 pe’: This-is- 
consistent. with: many earlier binary-sta: 
surveys, with ref. 5 in Davis et alf) and 
with our statement’ that “the proposed 
binary characteristics are very rare or. 
absent amongst observed systems”. 
Finally, Davis et al. refer to unpublished 
work in support of the proposition that 
ihe galactic theory is untenable. It is of 
course not possible to respond to. 
unspecified criticisms. What does seem 
clear is that, on present evidence, the 
Nemesis hypothesis is both contrived and 
unworkable. 
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Royal Observatory 
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Activation of chromaffin 
cell Ca’* channels 
by novel dihydropyridine 


Garcia et al., in their paper on the action 
of the calcium channel activator BAY-K- 
8644 on adrenal medulla cells’, attempted 
to show that the radiolabelled calcium: 
antagonist °H-nitrendipine bound to 
membrane-fragment calcium channels. 
The data presented are, however, 
extremely contradictory. Thus, in the text 
it is reported that the dissociation constant 
(Kp) of ?H-nitrendipine is 1.18 + 0.32 nM 
for 325.4+136fmol per mg of protein, 
implying that one homogeneous class of 
























































sites was found. Figure 3 of ref i 
the binding-inhibition curve of unlabelled 
nitrendipine, determined at the Kp con- 
centration of *H-nitrendipine. The original 
` data on specific binding (not defined by 
_the authors) are presented in transformed 
-form without giving either the total bind- 
ing in d.p.m. (or ¢.p.m. or pmol) or the 
` blank (nonspecific, unsaturable) binding. 
Accepting the data presented, we have 
_ calculated the 50% inhibitory concentra- 
-tion (ICso) and the slope factor of this 
curve by computer analysis: the former is 
~~670 nM and the latter ~0.52. In Fig. 3 
legend! the ICs, is reported to be 1 nM, a 
- difference of nearly three orders of magni- 
“tude. We considered the possibility of 
printing errors: 
(1) In Fig. 3 of ref. 1 the scale runs from 
107° to 1074 M. If the scale was intended 
"to extend from 107”? to 1077 M, the ICso 
value in the legend would be correct. 
< However, the slope factor of 0.5 would 
“remain unchanged, which is inconsistent 
with a single site having a Kp of 1.18 nM. 
(2) Ifthe legend should read: “ICs values 
for nitrendipine and BAY-K-8644 were, 
respectively, 1 and 50M (instead of 1 
and 50nM) the figure legend would be 
Consistent with the figure but not with the 
text, where nitrendipine bound with a Kp 
of 1.18 nM. 
Alternatively, experimental errors could 
have been made, which could include the 
use of partially degraded, unlabelled 1,4- 
‘dihydropyridines (which are sensitive to 
> light and oxidation) or dilution errors (see 
_ ef. 2). If the binding-inhibition curve for 
| BAY-K-8644 is correct, then according to 
_ the printed scale, BAY-K-8644 has an ICs 
of ~30,000 nM; this is the range in which 
the authors speculated (see Fig. 1 and text 
of ref. 1) that BAY-K-8644 acts as a Ca’*- 
channel blocking agent. These potencies 
(assuming that the scales in the figures are 
correct) contradict those reported by 
Albus et al? in PC12 cells: in this study 
_the 50% effective concentration (ECs) of 
BAY-K-8644 in potentiating °H-nor- 
adrenaline release was 10 nM, close to the 
Kp (16.3nM) of BAY-K-8644, deter- 
mined by inhibition of saturable °H- 
nitrendipine binding in membrane frag- 
«ments from these cells. 
Note added in proof: Since the first 
description of calcium channel-linked 1,4- 
dihydropyridine receptor sites*, we have 
‘repeatedly emphasized* the necessity of 
demonstrating the appropriate stereo- 
selectivity of these receptors, regardless of 
the calcium channel subtype®. Other sites 
of lower affinity, similar to those found 
by Garcia et al’ in their displacement 
study, have the opposite stereoselectivity 
and have now been shown to be associated 
‘with the nucleoside transporter’. 
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GARCÍA ET AL. REPLY—We appreciate 
the interest of Dr H. Glossmann in our 
letter’ and thank him for his comments. 
Our paper was intended to show that the 
novel dihydropyridine BAY-K-8644 
(methyl-1 ,4-dihydro-2,6-dimethyl-3-nitro- 
4-(2-trifluoromethylphenyl) - pyridine-5- 
carboxylate) activates voltage-sensitive 
calcium channels of cat adrenomedullary 
chromaffin cells; numerous unpublished 
data and two more recent papers from our 
laboratory’? suggest strongly that this 
drug acts on such channels to cause their 
activation and/or increase their opening 
time, thereby enhancing Ca’* entry with 
subsequent potentiation of catecholamine 
secretory responses, triggered by chro- 
maffin-cell depolarizing stimuli. 

The rationale in reaching this con- 
clusion was based on three sets of experi- 
mental data: (1) BAY-K-8644 enhanced 
catecholamine release in response to 
weak, but not to intense, K* depolariz- 
ations; (2) the drug increased uptake of 
“°Ca into isolated chromaffin cells at weak, 
but not at stronger, K* depolarizations; 
and (3) BAY-K-8644 displaced *H-nitren- 
dipine bound to adrenomedullary mem- 
brane fragments. 

Certainly, there is a printing error in 
Fig. 3 legend of our paper’: the ICso values 
for nitrendipine and BAY-K-8644 were 1 
and 504M, respectively. These values 
are much higher than both the ECs, of 
nitrendipine (20nM) required to inhibit 
catecholamine release from cultured bo- 
vine adrenal medulla cells* and the ECs, 
of BAY-K-8644 required to potentiate K*- 
evoked catecholamine release from 
chromaffin and PC12 cells (10-50 nM)'*, 
to increase the peak inward Ca**-channel 
current in single guinea pig ventricular 
cells (50-100 nM)Ć or to increase the K*- 
evoked contractions of rat vas deferens 
(1-10nM; our unpublished results). 
Several factors can account for this dis- 
crepancy: (1) nitrendipine and BAY-K- 
8644 bind to different sites on the dihy- 
dropyridine receptor, as suggested by the 
non-competitive antagonism by both 
drugs of K*-evoked catecholamine release 
(Fig. 1b of ref. 1) and by the fact that both 
BAY-K-8644 and nitrendipine bind to 
high- and low-affinity sites on heart mem- 
branes™*. (2) The source of membranes 
used in our experiments was a crude 
microsomal fraction, containing large 
amounts of chromaffin granule mem- 
branes. In fact, a rough calculation of the 


r ; pine binding sites 
(Ca?* channels?) per pm” of surface area 
gave less than 1 channel per ym’, about 
0.1 of the number found with patch-clamp 
studies on bovine adrenal chromaffin 
cells’. (3) Frozen or isolated membranes 
can contain modified Ca** channels or 
channel components having different 
properties; also, some endogenous sub- 
stance that modulates the activation of 
chromaffin-cell Ca?* channels may be lost 
during membrane isolation’. (4) Gloss- 
mann suggests that the photosensitive 
dihydropyridines used in our experiment 
may be inactivated; this is unlikely 
because we performed the experiment 
under a sodium lamp and both nitren- 
dipine and BAY-K-8644 were phar- 
macologically active when tested on 
adrenal gland heart and vas deferens. (5) 
Tissue and species-specific variations in 
interactions of dihydropyridines with °H- 
nitrendipine binding sites have been 
described"®, 

Because novel dihydropyridine calcium 
channel activators are of great interest for 
neurosecretory research, we decided to 
publish our preliminary findings and 
included radioligand-binding displace- 
ment studies as they corroborated our con- 
clusion that BAY-K-8644 was potentiating 
catecholamine release by acting on cal- 
cium channels; it seemed to us that the 
inconsistency between these data and the 
effects of the drug on secretion did not 
justify a delay in reporting our data. 

We are presently performing radio- 
ligand-binding studies with several dihy- 
dropyridines using highly purified 
chromaffin cell plasma membrane prepar- 
ations to define the molecular characteris- 
tics of such binding sites, their relation to 
voltage-sensitive Ca’* channels and the 
number of such sites per cell. 
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Taxonomy of death 





Stephen Jay Gould 








Extinctions. Edited by Matthew H. Nitecki. 


University of Chicago Press: 1984. Pp.354. Hbk $30, £27.50; pbk 316, £14.75. 








IN 1664, the great Jesuit scholar 
Athanasius Kircher published his Mundus 
Subterraneus, a massive treatise covering 
all objects found underground. The book 
is an aesthetic joy, but an intellectual 
puzzle to scientists of our time. It seems 
such a meaningless hodge-podge, a 
potpourri of unrelated objects — from 
dragons in caves, to fossils, to under- 
ground springs, to volcanoes — thrown 
together for the irrelevant reason that all lie 
beneath the Earth’s surface. But Kircher’s 
choice reflected neither stupidity nor 
expediency. Rather, his basic view of 
nature differed radically from ours, and 
taxonomies are the primary documents of 
changes in systems of explanation (I shall 
argue in a moment that the book here 
under review fails because its chosen 
taxonomy for death contravenes the 
probable causal structure of extinction as a 
biological phenomenon). 

Kircher represents the last gasp of the 
pre-Newtonian non-mechanistic view of 
nature. He classified by common place and 
by similarity of form — conjunctions that 
had meaning in a world supposedly created 
at once to reflect God’s transcendent good 
sense. A generation later, scientists had to 
classify by common genesis and common 
causal process — a criterion that made 
nonsense of an ordering by simple location 
underground. 

In short, taxonomies are not neutral hat- 
racks for the pristine facts of nature. They 
are theories that create and reflect the deep 
structure of science and human culture. A 
taxonomy is not just a ploy for convenient 
arrangement, but a hypothetical statement 
about the nature of things. This book, so 
admirable in nearly all parts taken 
separately, fails badly as an entity because 
its chosen taxonomy, seemingly obvious 
and “‘right’’ at first glance, is as superficial 
as Kircher’s and for the same reason — it is 
based on a common appearance, not on 
common causes. 

Extinctions is the latest of several 
volumes edited by Matthew H. Nitecki and 
based on the annual Spring Systematics 
Symposia at the Field Museum in Chicago. 
The book, loosely ordered by descending 
scale, includes articles on mass extinction 
(A. Knoll on its non-occurrence in plants, 
S. Stanley on temperature as a dominant 
cause), species extinction in geological time 
(A. Walker on the death of robust austra- 
lopithecines, P. Martin on Pleistocene 
mammals), and extinction, local and 
permanent, in ecological time (J. Diamond 
on isolated populations, B. Patterson 
on mammals in mountain refugia and 











T. Lovejoy et al. on Amazonian forests). 
Death seems so obvious as a unifying 
theme, given its inevitability, and its great 
ineluctable common principle — you ain’t 
there any more after it’s over. But is death a 
unitary phenomenon? Is it a proper basis 
for a coherent taxonomy? In an honest 
prefatory essay, D.M. Raup writes: 


In summary, the several papers in this volume 
present an almost frightening array of 
conceptual frameworks and interpretations of 
extinction. It is clear that there is little agreement 
on the basics.... Whereas there is always 
controversy in science, I submit that the range of 
views presented in this volume shows a level of 
disparity or downright confusion which is 
offscale. 


I suggest that the reason for such 
maddening diversity is true disparity, not 
confusion. Maybe extinction is like being 


m , 








Eighteenth-century impact theory — the frontispiece to Vol. 1 of Buffon’s Histoire Naturelle, 


underground — an improper joining of- 


disparate objects grouped by a superficial’ 


similarity judged either irrelevant or even 
misleading by our best modern notion of 
causes. Maybe death in mass extinction is 
so different from death in the everyday 
struggle for existence that the simple fact of 
disappearance records no meaningful basis 
for common classification. But why have 
we so automatically considered extinction 
as a coherent ‘‘thing’’ across all scales of 
time and magnitude? 

In its claim to encompass all scales, 
conventional evolutionary theory (the 


Darwinian modern synthesis) rests on a ` 
principle of reduction and extrapolation — ` 


natural selection is a struggle among 
organisms for reproductive success, and all 
phenomena of greater scale represent this 
process smoothly extended into larger and 
larger stretches of time. (Darwin’s major 
statement about the geology of extinction, 
Chapter 10 in the Origin of Species, is one 
long argument for the continuationist 
vision a claim that numbers and 
geographical range gradually dwindle 
before extinction and that the death of 
species is, therefore, asimple accumulation 
of individual losses in ordinary selection.) 


showing God hurling a comet at the Sun to form the planets. 





Courtesy of the Royal Society 





Since death is so final and, when it comes, 
$0 quintessentially abrupt, we may note the 
irony that such gradualism has acted as a 
persistent bias to encompass all scales of 
extinction as extrapolation from ecological 
moments (with mass extinction as an even 
greater test of competitive mettle than 
` natural selection in ordinary times). Raup 
continues: 
Conventional dogma is being questioned and in 
some cases discarded. We are seeing a change 
from dominantly gradualist interpretations of 
natural phenomena to those that emphasize 
strongly chaotic events. 


Obviously, if the Alvarez impact theory 
holds (and it now seems virtually 
established as a major factor in the 
Cretaceous debacle, with intriguing hints 
for its general validity as a primary trigger 
of disaster), then mass extinction is not 
competition by natural selection extended 
(by Darwin’s metaphor of the wedge), but 
a separate process with rules for differ- 
ential termination that cannot reduce to 
simple extensions or intensifications of 
ordinary adaptive struggles. Organisms 
cannot track or prepare for periods of 
cosmic disturbances (including major 
impacts) that occur once every 26 million 
years or so. 

In his contribution, Paul Martin shows 
that extrapolation fails between coord- 
inated deaths on small oceanic islands 
(inspired by human arrival) and extinctions 
of large mammals on several continents 
(where climate makes a stronger, perhaps 
dominant, contribution). Why, then, 
should we gather the vastly more different 
scales of this book together and regard 
death as fit for a common theory. 

I offer no counsel of despair, but plead 
instead for hard thinking about proper 
taxonomies as guides to more adequate 
general theories. If we break up superficial 
categories such as death, or increasing 
diversity, in favour of events with common 
causes that respect the true differences 
across tiers of time and levels of hierarchy, 
then what shall we group together? Steno’s 
great Prodromus superseded Kircher. The 
Prodromus is a treatise on taxonomy, 
though not usually so regarded. It makes a 
radical proposal — that the important 
objects of geology are solid objects within 
solids (from fossils and crystals in rocks to 
sediments in basins of deposition), and that 
the comprehensive category of solids 
within solids can be broken into sub- 
‘categories reflecting common causes 
(fossils that solidified before entombing 
_rock vs crystals precipitated into spaces ofa 
matrix already solid, for example). Such a 
taxonomy must have startled people used 
to ordering objects by Kircher’s criteria of 
form and place — but it provoked the 
revolution that began modern geology. 
What is a proper taxonomy for the stuff of 
evolution and life’s history? oO 


Stephen Jay Gould is Professor of Geology at 
the Museum of Comparative Zoology, Harvard 
University. 
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THE subject of soil micromorphology, 
involving the use of microscopes in the 
study of soil, developed gradually after the 
publication in 1938 of W.L. Kubiena’s 
pioneering book, Micropedology. Nowa- 
days hundreds of soil scientists throughout 
the world examine soil thin sections by 
microscope to complement information 
obtained by other means, but only a dozen 
or two of them are specialists in micro- 
morphology. 

Dr FitzPatrick is one of those few experts 
and his individualism and enthusiasm are 
evident in this book, an attempt at a com- 
prehensive treatment of the study of soil 
thin sections. Detailed instructions are 
given on the preparation of thin sections; 
apparently they work, as the numerous 
photomicrographs of soil features are of 
good quality. It is doubtful, however, that 
the details of equipment will be generally 
useful as equipment differs so much from 
one laboratory to another. Explanation of 
the use of the polarizing microscope for 
studying soil thin sections is excellent for 
readers without formal training in micro- 
scopy, while the chapters on properties of 
minerals and soil features in thin section 








trast, the material on ancillary techniques, 
photography and teaching micromorpho- 
logy seems too brief to be effective. 
Potential applications of soil micro- 
morphology to fields such as agriculture 
and engineering are presented with some 
zest. 

Difficulties over terminology, ever- 
present through the brief history of micro- 
morphology, will harass readers of this 
book. Although Dr FitzPatrick declares in 
the preface his intention to use simple 
nomenclature and standard terms, he 
assails the readers with a bewildering 
chapter in which he recycles his own unique 
terminology for soil horizons and proposes 
some new, poorly-defined terms — resolut- 
ion of nomenclature should be left to an 
international committee. Fortunately, Dr 
FitzPatrick complies with his intention of 
using standard terms in the ‘‘detailed des- 
cription of thin sections’’, one of several 
appendices; although not meeting the 
“‘detailed’’ aspect, the descriptions are a 
model of the effective use of common 
words. 

This first attempt at an all-embracing 
treatment of thin section studies of soil will 
be a useful reference book, especially for 
students. It is, however, an individualistic 
treatment rather than a state-of-the-art 
account of the subject. aA 





J.A. McKeague is Head of the Soil 
Classification Section of the Land Resource 
Research Institute, Ottawa. 
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of bosons 
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The Particle Connection: The Discovery 
of the Missing Links of Nuclear Physics. 
By Christine Sutton. 

Hutchinson/Simon & Schuster: 1984. 
Pp. 175. £8.95, $16.95. 


NOTHING quite like it has happened in 
experimental physics since 1888, when 
Hertz detected the electromagnetic 
radiation predicted by Maxwell — an 
observation which set the seal on the 
unification of electricity and magnetism. 
Nearly a hundred years later, in 1983 at 
CERN, it was the turn of the W and Z 
bosons, the radiation of the ‘“‘weak force’’ 
responsible for nuclear radioactivity and 
for the first step in the chain of events by 
which the Sun derives its energy. The 
parallel is close, for just as Maxwell joined 
electricity and magnetism the observation 
of the W and Z at CERN was a crucial 
confirmation of a theory which links 
electromagnetism with the weak nuclear 
force. 

In the Deutsches Museum, Munich, the 








apparatus used by Hertz sits on a shelf. 
Christine Sutton describes how the search 
for the W and Z required the use of 
CERN’s particle accelerator, built by John 
Adams in a tunnel 7km in circumference, 
and a 2,000 ton particle detector housed in 
a huge cave 50m underground. Her book 
tells the tale of this great enterprise, an 
experimental tour de force which earned 
the two principal characters, Carlo Rubbia 
and Simon van der Meer, the 1984 Nobel 
Prize for physics. It is a sober, nuts and 
bolts account of the project and of the steps 
that led up to it. The preparation of the 
ground is thorough, perhaps to a fault, and 
we do not arrive at the W and Z experiment 
until Chapter 8, about two-thirds of the 
way through. 

As a popular book on a major discovery 
the presentation would have benefitted 
from more explanation, more illustrations 
and less detail. But readers already hooked 
on the rapidly developing story of progress 
in understanding nature’s forces will be 
well rewarded, especially by the very 
complete description of the pains taken by 
the physicists to be sure they had found 
real, not bogus, bosons. a 





J.H. Mulvey is a Senior Research Officer in the 
Nuclear Physics Laboratory, University of 
Oxford. 
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are covered in 
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Methods of Enzymatic Analysis 


Third English edition 
Edited by H.U. Bergmeyer, J. Bergmeyer and M. GraBl 


1984, XXVII, 558 pages with numerous figures and tables. Hardcover. 
“ DM 235.00*/US $ 104.50. Individual volume price DM 270.00/US $ 120.00. 
ISBN 3-527-26045-5. 


- This volume is one of the most exciting in the series. No other section of enzymology has 
expanded to sucha degree as the field of peptidases, proteinases and their inhibitors. Devel- 
-opments in biochemistry, clinical chemistry and chemical pathology have been especially 
fruitful: The mechanisms of action of the hydrolases and their inhibitors were elucidated, and 
_ the stages of the blood coagulation cascade have become clearer. The functional charac- | | 
teristics and the mechanisms of activation of its components are described in this volume. 
Convenient methods for the determination of the factors are now available and are set out in 
the format well-tried for other enzymes. The most up-to-date view of the complement 
system is also presented. The complement cascade of reactions in blood and its role in host 
defence is one of the most inspiring areas of biological science. 
All who work with enzymes directly or indirectly will find this volume to be one of the most 11 | 
useful additions to their reference library. | 
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Volume |: Fundamentals Volume Ill: Enzymes 1: | | | | 

DM 198.00*/US $ 99.95. Oxidoreductases, Transferases | ii 

Individual volume price DM 224.00*/US $ 112.00. BE 

DM 230.00/US $ 116.00. individual volume price Eg | 

ISBN 3-527-26041-2 DM 258.00/US $ 129.00. Bpi 

ISBN 3-527-26043-9 HL 

Assessment of Results Volume IV: Enzymes 2: Esterases, H ; 

DM 215.00*/US $ 107.50. Glycosidases, Lyases, Ligases 

individual volume price DM 198.00*/US $ 88.95. 
DM 245.00/US $ 122.50. Individual volume price 
ISBN 3-527-26042-0 DM 230.00/US $ 102.00. 


ISBN 3-527-26044-7 


*Price valid only when all ten volumes are ordered y CH 


- Dollar prices subject to change without notice 


To obtain these books please contact your local bookseller or: 

VCH Verlagsgeselischaft, PO. Box 1260/1280, D-6940 Weinheim, Federal Republic of Germany. Telex 465516 d 
VCH Verlags-AG, P.O. Box 151, CH-4106 Therwil. Telex 63 475 ch (for Switzerland only) i 

VCH Publishers, 303 NW. 12th Avenue, Deerfield Beach FL 33442-1705 (for the USA and Canada only) 
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ly zoos? 
Gerald Durrell 





| themselves to a territory; nor is it generally 





Zoo 2000: A Look Beyond the Bars. 
By Jeremy Cherfas. 
BBC Publications: 1984. Pp.244. £12.95. 








HAVING suffered from zoomania all my 
life, and having created a zoological 
collection of my own, I am nevertheless 
the sternest critic of zoos. They are 
exceptionally important institutions and 
will become more so in the future, but not 
all zoos are without blemish and many of 
them are appalling. It is however perhaps 
unfortunate that just at the point when 
good collections are in the transition stage, 
changing from Victorian menageries to 
modern establishments with all the accom- 
panying technology, zoos as a whole are 
under attack from a vociferous group of 
so-called animal lovers, ill-informed for 
the most part and ignorant of the real 
function and value of a well-run zoological 
collection. It is therefore particularly 
pleasant to see the appearance of a book 
like Zoo 2000, which addresses and 
demolishes most of the criticism. 

The zoo critics seem to be unaware of the 
fact that all responsible collections have 
been trying to set their houses in order for 
some time, since criticism (in too many 
cases well-justified) reflects on good and 
bad institutions alike. With a series of 
checks and inspections, the Federation of 
British Zoos, for example, has been 
striving to make bad zoos better and good 
zoos better still. This was voluntary and put 
into operation by the zoos themselves. 
Now, at long last, we also have legislation 
for the control of zoos, for it is quite 
astonishing that until recently anyone with 
sufficient funds could (with planning 
permission) start a zoo. One such ‘‘zoo 
director” once telephoned me to ask me 
how big a puma was. When, slightly 
startled at this ignorance, I enquired why 
he wanted the information, he told me that 
he had a cage six feet long by four feet wide 
and he wanted to know whether a puma 
would ‘‘fit it”. 

In his book, Dr Cherfas deals with this 
vexed problem of caging. From the anthro- 
pomorphic view, bars represent a prison, 
but to a highly arboreal animal, such as an 
orang utan or a gibbon, they are merely a 
form of forest canopy on which to swing 
and exercise. Regrettably too, a lot of 
people imagine that because an animal has 
an enormous area it must be happier than 
in a confined space, not realizing that in 
nature animals are confined or confine 





@ The Pollen Loads of the Honey Bee: A Guide 
to their Identification by Colour and Form, 
Dorothy Hodges’ classic work of natural history 
first published in 1952, has been re-issued by the 
International Bee Research Association. The 
book is available through bookshops or direct 
from IBRA, Hill House, Chalfont St Peter, 
Bucks SL9 ONR, UK. Price is £26.50, $42.50. 











appreciated that an animal can be just as 
unhappy in the sylvan glades of a safari 
park if it is looked after by unskilled 
people. In the book Cherfas points out very 
lucidly that game parks are nothing more 
than gigantic safari parks, but on the whole 
better run. It is useless for the anti-zoo 
body to keep prating on about animals 
being happier in the wild, when — minute 
by minute — the wild is shrinking and what 
little is left in terms of game reserves has to 
be managed in the same way that a large 
zoo has to be managed. 

No one is suggesting that zoos can solve 
the problem of extinction by captive 
breeding, but they can certainly be of 
enormous help. The European Bison, the 
Pére David Deer, the Hawaiian Goose and, 
in the case of my own organization, the 
Pink Pigeon, would not be in existence 
were it not for captive breeding. But it is 
nevertheless impossible, with all the good- 
will in the world, to save all the species that 
are liable to become extinct in the next 50 or 
so years. I was, not many years ago, at an 
exceedingly depressing conference in San 
Diego, when I suddenly realized that we 
were all sitting round the table discussing 
which species we could save and which 








species we would be forced, through lack 
of space or for financial considerations; to 
allow to become extinct. Still, the good 
zoos, of which there are many, can be a 
vital conservation tool and it is a step 
forward for all concerned that conser- 
vationists have now learned to value their 
usefulness in this respect. 

Of course, zoos should cease to be as par- 
ochial as many of them are and be outward- 
looking. They should assist in the conser- 
vation of animals in the field and many of 
the more progressive zoos are doing this, 
such as the New York Zoological Society, 
Frankfurt Zoo and ourselves in Jersey. By 
such means, zoos will have beer 
transformed from mere consumers of wild 
creatures to being their champions and 
helpers. 

All this is made very clear in Cherfas’s 
excellent book. It is the sort of account that 
I would like to press into the hands of any 
of those people who are anti-zoo, since it: 
states so clearly and positively what some 
zoos are, what all zoos could be and how 
crucial are the functions they perform... E 





Gerald Durrell is Founder and. Honorary. 
Director of the Jersey Zoological Park and the 
Jersey Wildlife Preservation Trust. 
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Stellar instability 
D. Lynden-Bell 


Physics of Gravitating Systems, Vols I 
and II. 

By A. Fridman and V. Polyachenko. 
Springer-Verlag: 1984. Vol. I pp. 468, 
DM 248, $92.50. Vol. Hf pp. 358, DM 
218, $81.40. 











THIS two-volume work is devoted to the 
dynamics of star systems in which each star 
moves in the smooth mean field of all the 
others. Galaxies and large star clusters are 
primary applications, but the authors 
concentrate on idealized models to illu- 
strate the different instabilities which may 
occur. Thus the books largely deal with 
cooperative instabilities in stellar 
dynamics, which play a role analogous to 
the instabilities found in plasma physics. 
After an exploration of the analogies 
between these fields, Vol. I contains 
calculations made with the small 
perturbations linearized about the 
equilibrium, while the second volume 
considers non-linear phenomena. The 
equilibria simple enough for detailed 
stability analysis are homogeneous slabs, 
thin sheets and spherical systems, and the 
stability of such systems is thoroughly 
discussed. The authors rightly emphasize 
the seminal contributions of Antonov to 
the theory of the stability of spherical 
clusters, and go on to cover generalizations 
and applications of his methods to 
particular models. Here, it is surprising 
that the general proof of the stability of 








systems with isotropic velocity 
distributions which decrease montonically 
is neither included nor mentioned. 

The books include much of what is 
known about encounterless stellar 
dynamics, Fridman and Polyachenko 
demonstrating a wide knowledge of both 
Russian and Western literature prior to 
1978. It is a pleasure to see this material 
organized and swept together between hard 
covers. Part of the reason for the length is 
that the authors prefer to give 
mathematical details for some rather 
specialized problems — for example the 
stability of models of spherical star clusters 
in which all the stars move in circles. One 
can argue that the truth cannot be 
understood without spelling out the 
mathematical steps, but it is not always 
easy for the reader to find out the general 
principles from among all the details. The 
theory of spiral waves in galaxies is treated 
but the swing amplification of waves isonly 
touched upon. Presumably this is because 
Toomre’s advocacy of it as the basic wave 
amplifier came too late to influence the 
books’ contents. Some references from 
more recent literature (1982) are cited and 
discussed. 

These two volumes are a guide through 
the literature rather than a pedagogical 
lecture course. They will be useful to 
research students who wish to know what 
has been done in this area, and contain the 
fullest treatment in the literature of the 
different instabilities. o 





D. Lynden-Bell is Professor of Astrophysics and 
Director of the Institute of Astronomy, 
University of Cambridge. 





Astronomy from the 
‘darkroom 
-David W. Hughes 


Colours of the Stars. 

By David Malin and Paul Murdin. 
Cambridge University Press: 1984. 
Pp.198. £13.95, $27.95. 

Secrets of the Sun. 

By Ronald Giovanelli. 

> Cambridge University Press: 1984. 
Pp.116. £11.95, $19.95. 




























































WE HAVE been told that a picture is worth a 
thousand words, but how many more 
words is a colour image worth over black 
and white? Judging by the multitude of 
. dramatic, beautiful and informative colour 
photographs in Malin and Murdin’s book, 
the answer must be another thousand at 
» least. 
© Colours of the Stars is much more than a 
collection of pictures, however. We are 
treated to a detailed discussion of the 
physiology of colour vision and led to 
bemoan the fact that, at low light levels, the 
„eye effectively switches off its colour 
system, But photography of the sky can 
restore the reality of the colourful 
Universe. Ever since 1883, when Andrew 
< Ainslie Common presented to a Royal 
Astronomical Society meeting his 
photograph of the Orion Nebula, the 
| power of photography as an astronomical 
recording medium has been recognized. 
. Colour didn’t arrive until 1959, when 
William C. Miller used ‘‘fast’’ colour film 
and exposures of around four hours at the 
prime focus of the world’s largest 
" telescope. The usefulness of being able to 
record both intensity and colour in one 
< image was immediately apparent. 

Malin and Murdin concentrate on two 
things. First is a clear, practical 
explanation of the darkroom wizardry 
: that, by colour separation, unsharp 
masking, photographic amplification, 
¿image superimposition and integration 
printing, can drag the maximum detail out 
of a photographic plate. Second are the end 
results. Page follows page of spectacular 
images of stars, nebulae and galaxies alive 
with colour. We are not, however, just left 
to admire their beauty. Colour is the clue to 
<. a host of physical and chemical processes: 
nebulae reflect and emit; forbidden 
transitions abound; dust scatters both 
forwards and backwards; each element has 
-its signature; temperature, pressure and 
velocity can be revealed. 

There is much that is new in this book 
and everything is very clearly explained. 
The authors’ enthusiasm for their subject is 
apparent throughout and their desire to 
share this enthusiasm and to help the reader 
to delve more deeply is furthered by the 
provision of an impressive reference list. 
Moving from countless millions of stars 
“submerged in swirling clouds of gas and 








dust to one star a mere 150,000,000 
away brings us to the Sun. Instead of 
recording a point of starlight we can now 
reveal minute details of sunspots, 
granulations, fibrils, canopies, plages, 
spicules, coronal holes, prominences, 
flares and so on. The common ground 
between Giovanelli’s book and Colours of 
the Stars is the reliance on photography. 
With the Sun, however, the emphasis is on 
narrow wavelength bands moving, for 
example, slowly up the limb of the 
Hydrogen Alpha line, thus enabling us to 
sample different layers of the photosphere, 
produce magnetograms to delve into the 
magnetic structure and use the Doppler 
shift to plot out the velocity variations in 
the convective regions. 

The Sun is a very complicated object — 
the more so, it seems, the more we find out 


about it — and Giovanelli points towards. 
the five basic ‘“‘solar problems”: the cause ~~ 
of sunspots and their cycle, the structure of 
the convective zone, the variation of spin 
with latitude and depth, the mechanism re- 
sponsible for coronal heating and the cause 
of flares. But while the book is billed as 
being intended for non-specialists and non- 
scientists, and mathematical equations and 
scientific jargon are taboo, it still does not 
make our Sun an easy object to under- 
stand. The author tries hard to explain 
what is going on but should have given 
himself more room. A picture might well be 
worth. a thousand words, but without the 
picture the words need writing. a 





David W. Hughes is Senior Lecturer in 
Astronomy and Physics in the Department of 
Physics, University of Sheffield. 





Spark o’ nature’s fire 
David R. Rosseinsky 








Electron—Molecule Interactions and their 
Applications, Vols 1 and 2. 

Edited by L.G. Christophorou. 
Academic: 1984. Vol. 1 pp.699, $80, £67. 
Vol. 2 pp.678, $85, £71. 


WE FEW, who risked incredulity if not 
suspicion at our 1960s belief that the 
scientific event of the decade — 
dominated, remember, by twisted helices, 
parity, lasers and bizarreness — was the 
experimental establishment of the electron 
affinities of the halides, will, alas, find here 
but a one-line entry noting that result. But 
then we should have been warned, by both 
title and preface. If chemistry is the 
interesting part of physics (G.N. Lewis 
this, I think) then these tomes qualify as 
chemical, but in fact the authorship is 
largely North American physicist, 
accounting no doubt for the particular 
selection of references (200-450 per 
chapter). 

The editor, a major contributor to 
studies in the field, has co-authored five of 
the thirteen articles, four in the second 
volume in which the stress is on 
applications of the preceding fundamental 
studies. He has aimed ultimately at 
emphasizing the role of slower electrons, 
which are thus more reactant in nature: 
more particle, less wave. Elastic scattering 
of electrons by molecules is dealt with as 
standard particulate scattering, where 
scattered intensity is represented as 
differential (scattering-angle dependent) 
cross-section, integrable to total scattering 
cross-section of target species, each 
dependent on incident energy; the now 
numerous theoretical analyses are clearly 
outlined. Reference is included to electron- 
molecule interactions in the atmosphere of 
the Earth (causing aurorae) and of other 
planets. Exciting, ionizing and dissociating 
collisions, transient electron attachment in 








resonance interactions and a further 
variety of electron attachment and 
detachment processes are analysed in terms 
of the cross-sections, and inferred 
potential energy surfaces and molecular 
mechanisms. The events are complex — 
consider even the basic processes of 
electron capture, autoionization, 
dissociation or stabilization of a simple 
species AX — and the profundity of 
interpretation presented here represents an 
impressive scientific achievement. 

Volume 2, emphasizing applications, 
starts with ‘Electron Transfer Reactions”, 
nearly all in the gas phase. Replacing the 
physics-versus-chemistry jest by a more 
relevant contrast of small-molecule versus 
condensed-phase studies, the tenor of these 
volumes lies with the former — condensed- 
phase electron transfer is included but 
fleetingly. Studies are reported of 
electron/molecular-cation recombination 
(dissociative recombination), which also 
occurs in interstellar space and the upper 
atmosphere of the Earth. Electron 
transport in gases, giving an alternative 
source of scattering cross-section, relates 
to dielectric use. Electron interactions in 
liquids are briefly viewed in the light of 
known electron—gas_ interactions. 
Technological applications also related to 
the fundamental studies arise in laser 
usage, lamp construction, dielectric 
applications, and uses of plasmas. 
Extensions to biology — involving 
condensed systems — are tenuous. By 
contrast, the final comprehensive chapter 
on electron affinities, methods and results, 
making up a third of Vol. 2, would on its 
own serve as an invaluable monograph for 
physical scientists, and is quite admirable. 

In general the prose is, let us say, not 
overburdened with elegance, and some 
sections have suffered quirky proof- 
reading. But these are trivial defects in 
an authoritative, almost encyclopaedic, 
opus. a 


David R. Rosseinsky is Reader in Physical 
Chemistry at the University of Exeter. 














of oligonucleotides 


@ Applied Protein Technologies has 
added an instrument for the automated 
synthesis of peptides to its range. The 
instrument is modular and is micropro- 
cessor controlled with accurate reaction 
monitoring. Fifteen randomly accessible 
amino acid reservoirs are supplied and a 
wide range of reaction vessel sizes is 
available. The new synthesizer comple- 
ments APT’s existing line of services, 
which include custom peptide synthesis, 
peptide purification, and solid supports for 
peptide and protein immobilization. 
Circle No. 100 on Reader Service Card. 

@ A recent addition to LKB Instruments’ 
list of application notes on peptide 
purification is entitled ‘‘Purification of 
Charged Isomers of Human Growth 
Hormone by Electrofocusing in Im- 
mobilized pH Gradients’’. The note 
(Application Note 325) details how the 
b-and c- components of human growth 
hormone and their sub-components can be 
recovered on a preparative scale on LKB 
Immobiline immobilized pH gradients. 
Circle No. 101 on Reader Service Card. 





Quick-Blot for mRNA immobilization. 


@. Using the Schleicher & Schuell Quick- 
Blot kit, 120 mRNA or DNA samples can 
be tested. In conjunction with the Minifold 
I and II multifiltration units (devices for 
simultaneously filtering 96 or 72 samples) 
different mRNA samples can be im- 
mobilized from whole cells, bacteria or 
viruses on the cellulose nitrate within a few 
hours. The 0.32 or 0.06 cm? filter surface 
area in the Minifold I and II allows as much 
as 200 or 40 ug mRNA to be immobilized 
per sample. All samples remain 
biologically active because no baking is 
required. The Quick-Blot kit for selectively 
immobilizing mRNA can also be used for 
isolating DNA from whole cells and for the 
purification of mRNA for hybridization, 
reverse transcription or translation. 

Circle No. 102 on Reader Service Card. 





These notes are based on information provided 
by the manufacturers. For further details circle 
the appropriate numbers on the Reader Service 
Card bound inside the journal. 














@ The Pharmacia range of pUC family 
plasmids has been extended by the 
introduction of plasmids pUC-18 and 
pUC-19. Both can be used as general 
purpose cloning plasmids, expression 
vectors or for DNA sequencing using the 
Pharmacia M13 DNA sequencing primers. 
The new plasmids are an improvement on 
the earlier members of the pUC family in 
that they contain higher restriction site 
densities in the multiple cloning sites. 
pUC-18 and pUC-19 have been shown to 
grow well and give a high copy number. 

Circle No. 103 on Reader Service Card. 











Four simultaneous DNA separations can be 
performed with Cruachem’s new module. 

@ New from Cruachem Ltd. is a four- 
column module which can be connected to 
a manual or semiautomated DNA syn- 
thesizer to offer two options. First, up to 
four simultaneous DNA syntheses can be 
run in parallel and second, multiple DNA 
syntheses can be performed following the 
‘segmented synthesis’’ technique. Using 
the latter technique 125 oligomers have 
been prepared simultaneously, 

Circle No. 104 on Reader Service Card. 

@ Bachem Inc. can now supply all the 
atrial natriuretic factors so far isolated. 
These can be supplied in milligram to gram 
quantities. Bachem can also produce 
milligram to gram quantities of custom 
synthesized peptides under GMP, with all 
the work done in the strictest confidence. 
Amongst the new products listed in the 
latest Bachem catalogue are a CRF 
antagonist, a somatostatin antagonist, the 
neuromedins and the neurokinins. 

Circle No. 105 on Reader Service Card. 

@ The Sepragel range of pre-cast 
polyacrylamide electrophoresis gels are 
pre-cast gradients available in the popular 
16 x 12cmgel sizes. These thin 1.5mm gels 
provide good resolving power, high quality 
and reproducibility in autoradiography 
and Western blot techniques. Gels are 
supplied in two buffer systems (SDS and 
non-SDS) and four gradient ranges (3- 
27%; 10-20%; 3~12%; and 17-27%). For 
rapid evaluation, inexpensive Introductory 
Kits are available containing a detailed 
16-page instruction manual. 

Circle No. 106 on Reader Service Card. 


Peptides and oligonucleotides 


New products on the market include kits for manual and automated synthesis 




























@ Du Pont has introduced a new ultra- 
stable high performance gel filtration: 
column designed specifically for the 
separation of peptides and proteins. The 
Zorbax BioSeries GF250 allows fast, high 
efficiency separations of peptides and. 
proteins in the 200 to 400,000 dalton 
range, with extreme stability and very high 
recoveries. The column is based on a 
patented zirconia-clad silica packing 
material, to which is bonded a hydrophilic = 
stationary phase. The packing, of 4-;an 
particle size, is stabilized with zirconia to 
allow operation at the relatively high pH 
ranges required for successful peptide and 
protein analysis The high efficiency (a 
minimum of 60,000 plates per metre) 
allows baseline resolution of, for example, 
IgG from bovine serum albumin as well as 
the light from the heavy chain of IgG. 
These analyses are generally completed 
within as little as 20 min. Typical recoveries 
are greater than 95% and the column can 
accept up to 250 yg of sample. 





One-step deprotec tion is a feature of American 
BioNuclear’s CED phosphoramidites. 

® CED phosphoramidites are a new 
generation of reagents for DNA synthesis 
available from American BioNuclear. 
Prepared with a B-cyanoethyl phosphate 
protecting group, oligonucleotides 
synthesized using CED phosphoramidites 
can be conveniently deprotected in one step 
using ammonium hydroxide. Thiophenol 
treatment at the completion of synthesis is 
completely eliminated. Each lot of CED 
phosphoramidites is functionally tested to 
guarantee coupling efficiencies of 97-99%. 
These CED phosphoramidites are pack- 
aged in 0.5 and 1.0 gram sizes in amber, ~ 
septum vials to fit most automated DNA 
synthesizers; a special ‘Quick-Pak’ is also: 
available pre-packaged to fit the Systec 
Model 1450A synthesizer. 
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© The Syn-Thor 2000 is the latest solid- 
phase peptide synthesizer from Peptides 
International of Louisville, Kentucky. The 
Syn-Thor 2000 package includes a two-disk 
Syn-Thor program as well as the IBM PC 
“computer, equipped with additional 
: memory and two 320 KB disk drives. Also 
included is an IBM colour monitor and all 
“necessary interphase boards and cables. 
The synthesizer features a new delivery 
system with selective computer-controlled 
pressurization plus self-cleaning lines and 
separately programmable wash steps to 
eliminate cross contamination. 

- Circle No. 109 on Reader Service Card. 

@® Anglian Biotechnology now produces 
64 restriction endonucleases. Aocl is a 
recent addition. An isoschizomer of 
Mstil, Aocl recognizes the sequence 
CC/TNAGG and is useful for sickle cell 
anaemia diagnosis. This enzyme is stable; 
excellent ligation and recut characteristics 
sare achieved. Other new restriction 
enzymes from Anglian are Dra I] and Dra 
Ill, which recognize the sequences 
PuG/GNCCPy and CACNNN/GTG 
respectively. 
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. The solid- phase peptide synthesis, the pe Syn- Thor 2000. 





® New from Beckman Instruments, Inc. is 
a reconfigured albumin assay for use on 
ICS Il and Auto ICS immunochemistry 
analysers. This reformulated test measures 
serum albumin up to 6,000 mg per dl. A 
new calibrator calibrates at a midpoint of 
the normal curve, 3,000 to 3,500 mg per dl. 
Midpoint calibration offers greater 
accuracy accross the measuring range and 
improves low end precision where normal 
patient values tend to fall. 

Circle No. 111 on Reader Service Card. 

@ Peninsula Laboratories Europe Ltd has 
been set up in the United Kingdom to 
supply a wide range of synthetic hormones 
to European customers. A 24-hour by- 
return service is provided. In stock are such 
items as growth hormone releasing factor 
(human, rat, ovine and bovine) and the 
prohormone fragment, corticotropin re- 
leasing factor (human, rat, ovine) and its 
inhibitors and precursors, atrial peptides 
and dynorphins. Also, a complete range of 
peptide hormone antisera for RIA and 
immunocytochemistry is available. A free 
catalogue can be obtained via the reader 
service card, 
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ADVERTISEMENT 


In Immunology 





© ‘Peptide and Protein Sequences’ is one 
of six new topics added (from January) to 
the biweekly current awareness service, 
Biosis/CAS selects. The five other topics 
are: Cancer and Nutrition; Food and Drug 
Legislation; Genetic Manipulation in 
Plants; Leukotrienes and Slow-Reacting 
Substances; and Lymphokines. The series 
is a joint venture of Bio Sciences 
Information Service and Chemical 
Abstracts Service. 

Circle No. 113 on Reader Service Card. 

® A calibration protein set for SDS gel 
electrophoresis covering the range 20,000- 
340,000 may be obtained from Boehringer 
Mannheim. The materials used in the kit 
are specially purified and may be used in 
the systems according to Laemmli, Shapiro 
and Weber & Osborn. Linear calibration 
curves over the whole range of 20,000 to 
340,000 have been achieved in SDS 
gradient gels. Approximate linearity in 
partial ranges can be achieved using gels 
with a constant acrylamide concentration. 
The proteins contained in the kit are: a2 
macro-globulin, phosphorylase b, 
glutamate dehydrogenase, lactate 
dehydrogenase and trypsin inhibitor. 
Circle No. 114 on Reader Service Card. 

© DNA synthesis support columns for the 
Applied Biosystems Model 380A DNA 
synthesizers are now available from 
American BioNuclear. Manufactured 
from the highest quality materials, end 
caps and columns are precision machined 
from inert plastic to give leak-free 
performance. Retaining filters are 
constructed from Teflon mesh allowing 
maximum flow rate, without loss of 
support. Aluminium crimp seals are 
secured by hand and each column 
inspected before shipment. The column 
packing material is derivatized long-chain 
alkylamine controlled pore glass, (LCAA- 
CPG). Prepared to a loading of 20-30 
mmole per gram, LCAA-CPG achieves 
high coupling efficiency and good recovery 
of synthetic DNA. ABN support columns 
are available in 1.0 mole and 10 umole 
sizes. 
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Quality ts Sensitivity 


Bio-Yeda antibody preparations provide the highest sensitivity and lowest nonspecific 
background figures. Bio-Yeda: an internationally recognized source for immunochemicals of 


Bio-Yeda Ltd. Kiryat Weizmann, 76: 
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the highest quality. 
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The new aqueous cyano HPLC columns 
from IBM are claimed to decrease start-up 
time and increase the reproducibility of 
chromatography analysis. The columns are 
packed with a proprietary 5m spherical 
silica stationary phase that yields 
exceptional selectivity and efficiency. The 
quality control of these columns includes 
the separation of PTH amino acids. With 
specifications of 55,000-80,000 plates per 
metre and an asymmetry range of 0.9 to 
1.2, they are efficient enough to 
accomplish the most complex PTH amino 
acid separations. The 4.5mm internal 
diameter IBM aqueous cyano columns are 
offered in three standard column lengths: 
50mm, 150mm and 250mm, allowing users 
to choose the correct efficiency while 
minimizing both the time of analysis and 
solvent consumption. 
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@ The quality of terminal deoxynucleo- 
tidyl transferase produced by Pharmacia 
Molecular Biology Division of Milton 
Keynes has been further improved by the 
introduction of a new oligonucleotide di- 
gestion test for exonuclease activity. SDS- 
polyacrylamide gel electrophoresis indi- 
cates that Pharmacia TdT is over 95% 
homogenous. The new test is an addition 
to the standard purity checking for 
endonuclease and exonuclease activity. 
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© A high quality reverse transcriptase is 
now available from Bio-Rad. The enzyme 
is subject to vigorous quality control 
to ensure its suitability in cDNA cloning 
applications. These tests include the 
determination of enzyme concentration; 
time-course synthesis; cDNA synthesis 
from ovalbumin mRNA; test for 
degradation of cDNA and test for RNase 
activities. As a result, batch-to-batch 
variation is minimized. Provided with the 
enzyme are ovalbumin mRNA, RNA size 
markers and protocols to allow the cus- 
tomer to reproduce Bio-Rad’s quality 
assurance functional test as a positive 
control. Bio-Rad reverse transcriptase is 
available in 1,000-unit vials. 
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© Boehringer Mannheim have 
reintroduced reverse transcriptase to their 
programme of reagents for molecular 
biology. The new preparation shows a high 
volume activity (greater than 10,000 units 
per ml) and the units are nmolar units not 
pmolar units. The enzyme is guaranteed 
RNase and DNase free and fully tested for 
its performance in cDNA synthesis. Use 
the service card for more details of this 
enzyme together with other reagents for 
cDNA cloning. 
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The new slab-gel dryer from Biorad. 


© Bio-Rad’s slab gel dryers produce flat, 
dried gels with a smooth glossy surface, 
and provide excellent preservation of high 
resolution gels for SDS-PAGE, 2-DE, 
DNA sequencing, and IEF, The gel is dried 
by controlled heat, evenly distributed on 
the top surface of the gel, by a heater 
element suspended from the lid. The heater 
maintains the temperature at 80°C for 
rapid drying, or at 60°C for gels which 
have been impregnated with fluors for 
autoradiography. The vacuum is distri- 
buted evenly by a porous gel support. 
The liquid in the gel is pulled directly down 
(not at an angle). The heat from above 
combined with the evenly distributed 
vacuum dries the gel to asmooth flat sheen. 
Soft IEF gels dry with high resolution 
separations clearly preserved, because the 
evenly distributed vacuum prevents 
sideways stretching or distortion of the gel. 
Circle No. 120 on Reader Service Card. 


ADVERTISEMENT 


In Immunology 


















®© LKB’s new purification system, 
Ultrochrom GTi, offers multimode separ: 
tion of macromolecules, authentic high 
performance and complete biocompatibil- 
ity. Designed for the biochemist working 
with proteins, peptides, nucleic acids and 
even carbohydrates, GTi provides fast sep- 
aration, high resolution and high biolog 
cal activity (results range from 91% to 
99%). The Ultrochrom GTi can use gel 
filtration (GFC), ion-exchange (IEC) or 
hydrophobic interaction chromatography. 
(HIC), so the most appropriate chroma- 
tography can be exploited for any particu- 
lar application. In addition, the total separ- 
ation capability provided by the system 
enables it to be used for mainstream 
reversed phase chromatography, including 
microbore and fast LC. All components 
are fully compatible with LKB autointelli- 
gent HPLC instrumentation. 
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© Pierce Chemical Company of Rockford 
Illinois has introduced a complete kit for 
the manual synthesis of defined sequence 
oligodeoxynucleotides. Each kit contains 
all the reagents necessary to synthesize four 
20-nucleotide oligomers. The Pierce man- 
ual DNA synthesis kit, or Nucleolink, uses 
phosphate triester chemistry based on the 
methods of Khorana and Itakura. The 
coupling reaction is performed in a pyri- 
dine solution containing mesitylenesul- 
phonyl chloride as the condensing agent. 
The Nucleolink kit contains all essential 
reagents and accessories, including step- > 
by-step instructions, to construct up to 10A 
units of a 15-nucleotide oligomer quickly 
and efficiently. A single coupling cycle 
takes only 15 minutes and the yeild is 
greater than 95% per residue. The starting 
nucleoside is bound to an insoluble silica 
support with the 5’ terminus protected with |” 
dimethyloxytrity! (DMT). Following the 
removal of DMT, this starting nucleotide is 
condensed with another 5’ DMT protected 
nucleotide which has a reactive 3’ 
terminus. Synthesis progresses rapidly 
from the 3’to 5' end of the oligodeoxynuc- 
leotide. 
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The high titer, great purity and exceptional immunospecificity of Bio-Yeda products 
is well-known among professionals in the field. Bio-Yeda: an internationally recognized source 
for immunochemicals of the highest quality. 
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i Image processing is a component in the Vickers Scangel, 


® Scanagel, new from 
Instruments, is an easy-to-use, stand- 
alone instrument designed to give the 
“protein chemist fast reliable analysis and 
comparison of two-dimensional electro- 
> phoretic gels. Scanagel analyses wet gels or 
autoradiographs of any size from 4 x 4cm 
to 20 x 20 cm. The sophisticated image 
processing software automatically carries 
out background corrections, interprets 
spot boundaries, resolves overlapping 
spots, measures spot location and 
“intensity, and compares matched and 
unmatched peaks between gels. All 
programs are executed from the computer 
analysis menu, allowing easy system 
operation. Five results presentations are 
> possible, including peak lists, two- 
dimension ellipse and contour plots, three- 
_dimension surface plots and gel compari- 
sons. 
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® High performance, rapid gel filtration is 
© now possible with the two different types of 
new Superose columns from Pharmacia 
Biotechnology. The glass HR 10/30 (10 x 
00 mm dimensions) columns, pre-packed 
‘with rigid 10 wm diameter, cross-linked 
agarose beads, provides a rapid, high 
resolution gel filtration system. The high 
stability of Superose to dissociating agents 
and extreme pH permits a free choice of 
eluents and allows scrubbing with sodium 
hydroxide. Scrubbed columns have a long 
lifetime and can be used repeatedly. 
Superose 12 is designed for separation of 
_ molecules with molecular weights between 
1,000 and 300,000. High resolution 
separations of small tryptic peptides have 
‘also been obtained. Superose 6 is more 
porous and is appropriate for separation of 
“large molecules such as nucleic acids (or 
“restriction fragments), large proteins and 
aggregates. 
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Vickers | ®© Chemical Dynamics Corporation has 








announced a new coupling reagent for 
oligonucleotide synthesis 1-(8-quino- 


linesulphonyl)tetrazole (QSTET). In a 
comparative study, QSTET gave a 92% 
yield of coupled product with no sul- 
phonation by-product in a reaction time of 
only one hour. 
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Small-format electrophoresis from Hoefer. 


® The Hoefer Mighty Small vertical 
electrophoresis unit offers fast results in a 
small format. The hand-sized unit is 11 cm 
wide and casts a gel 8.3 x 7.3 cm in 0.5, 
0.75, and 1.5 mm thicknesses. The unit is 
designed to draw heat away from the gel 
and distribute it throughout the buffer by 
sealing the gel sandwich against the vertical 
upper buffer chamber so that the inside 
plate of the sandwich functions as a wall of 
the buffer chamber. The plate separating 
buffer and gel is made of aluminium oxide 
30 times more heat conductive than glass. 
These features prevent gels from over- 
heating. An accessory casting container 
permits the casting of 10 uniform con- 
centration or gradient gels at a time. 
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The Kontes device for DNA recovery. 





The new Chrompack on-line, 
precolumn derivatization HPLC Auto- 
sampler makes complicated sample pre- 
treatment redundant. It is particularly 
suitable for the analyses of primary amino 
acids using OPA methodology. The sample 
liquid and OPA reagent are mixed 
automatically and kept in a reaction coil 
during the reaction time; after which the 
mixture is injected into the separation 
system of the chromatograph. This 
procedure is claimed to result in analyses 
with much better reproducibility than 
achieved by elaborate manual sample 
pretreatment. The Autosampler is based 
on the Spark design, with a capacity of 125 
samples. 
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® Oncor, Inc. last month released what 
are claimed to be the first commercially 
available probes for the unequivocal 
identification of clonal populations of B 
and T lymphocytes by hybridization 
analysis. The DNA probes detect B and 
T-cell gene rearrangements and offer 
specific advantages over antibody tests in 
the assignment of lymphoid cell type when 
antigenic markers are absent. 
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® The Kontes D-Gel electrotransfer 


| system is a rapid, inexpensive system for 


DNA recovery from electrophoresis gels. 
DNA restriction fragments, synthetic 
oligonucleotides, primers and linkers can 
be easily recovered from agarose or poly- 
acrylamide gels. The basis of the D-Gel 
system is electroelution of nucleic acids 
from electrophoresis gels onto DEAE- 
cellulose or DEAE-anion exchange resin. 
Typical recovery of DNA fragments 
smaller than 10 kilobase pairs is 80-90%. 
Particularly effective when dealing with 
synthetic oligonucleotides, the D-Gel 
achieves a 90-100% recovery rate. In 
addition, the D-Gel obviates the phenol 
extraction required by the low melting 
agarose technique and substantially 
improves nucleic acid recovery. 
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© Porcine platelet derived growth factor is 
now available from Bioprocessing Lid of 
Consett, UK. The material can be supplied 
in small or large quantities from 
reproducible batches, it is highly stable, 
biologically comparable to human PDGF. 
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A bio-medical and bio-industrial 


Industrial Area Tf. 62211861 ‘ 

R &D company offering 
B — 6650 BASTOGNE 211884 : > 
Belgium Tx. 41581 pharmacological screening and 


evaluation, testing of compounds for 
specific biological activities, 
genotoxicity determinations (Ames 
test and evaluation of DNA damage 
and repair). 















INDUSTRIAL PRODUCTION OF: 


~ proteins from egg albumen: 
lysozyme - avidin - ovalbumin - 
conalbumin 
- from egg yolk (available from April 85 forth) 


egg lecithin - cholesterol - 
egg - oil - egg yolk proteins 







We also offer a wide range of peptides, 
leukotrienes, nucleosides and nucle- 
otides developed through our unique 
network of university researchers and Bio- 
Mega’‘s own scientists. 














For further information, please contact 
Dr. S. Rakhit or Dr. D. Marshall. 


| Complexe Desjardins, C.P. 158, 
Montréal (Québec), Canada, H5B 1B3. 
Téléphone: (514) 284-0043. 
Télex: 05-25151. 










Samples, specifications and prices on 
request. 
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UCB - BIOPRODUCTS 





reliable partner for the scientific world 
offers you : 













- Broad range of biologically active peptides 
and corresponding antisera 


- Large experience in custom synthesis of peptides 


- Complete line of hormones and corresponding antisera 





i | i UCB-BIOPRODUCTS s.a. 
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1420 BRAINE-L'ALLEUD 
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Copies of articles from this 
publication are now available from 
the UMI Article Clearinghouse. 


For more information about the 
Clearinghouse, please fill out and mail back 
the coupon below. 


Article 
Clearmghouse 
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from Richard Pearson 


icularly technicians. 


_ A-FAILURE to adopt new technology is seen 
as the one sure way for declining com- 
petitiveness in the world economy. The 
lesson applies equally well for companies 
d nations, while individuals who do not 
understand and adapt to the skill needs of 
‘he new technologies are also becoming in- 
creasingly disadvantaged in the labour 
market. While the shortage of professional 
evel scientists and technologists has been 
he focus of many reports in recent months, 


been highlighted in the latest Government 
Skill Shortages report. It says that industry 
needs to recruit and train twice as many 
echnicians as at present. Equally impor- 
“tant is the need to consider the require- 
ments of employees when introducing new 
echnology. Even high-tech pharmaceutical 
mpanies are not immune to such dif- 
iculties. Thus a research laboratory with 
all the latest instrumentation for monitor- 
ing and analysing data from experiments 
‘ecently had great difficulty in upgrading 
‘he skills of its maintenance staff to enable 
hem to handle the electronics in the new 
air conditioning and other changes in the 
plant. 

i: In the United Kingdom the training 
system has historically been geared to in- 
` itial training, taking place at the start of an 
individual’s working life, through appren- 
iceships or higher education, and on and 
_off the job training. However, new skills 
‘are needed not only by those just entering 
‘the labour market but also by those already 
-in employment. Last month’s Employment 
olumn showed how poorly the United 
Kingdom compared with its major com- 
petitors in relation to investment in such 
training. 

= A recent Institute of Manpower Studies 
(IMS) report! has shown the massive in- 
crease in skills training likely to be needed 
when. industry does adopt the latest 
technology. The report, which looked at 
the adoption of new technology since 1980 
yn nearly 1,000 companies, shows that so 


Table 1 Impact of new technology on skills 





Not at all Limited Large 

extent 
Technician 17% 60% 23% 
Draughtsmen 44% 46% 10% 
Supervisors 13% 69% 18% 
Craftsmen 18% 58% 24% 


Source, ref. 1. 


skill constraints at technician level have. 


far the new technologies have had only a 
limited effect on the skills of employees, 
as there was still a very low take-up of new 
technology in areas such as research and 
development, and in office and ad- 
ministrative functions. While most com- 
panies had made some such investment in 
the production area, very few were yet able 
to draw on the potential of microelectronics 
technology in order to integrate several 
functions across the company, for exam- 
ple, by linking design with production and 
with sales and materials planning. 

The impact on skills has been only 
limited so far because many employers have 
sought technology that could be handled 
by their existing workforce, or the changes 
involved were marginal or gradual. In ad- 
dition, some employers had yet to think 
through the skills implications. The groups 
most likely to be affected were the techni- 
cians, supervisors and foremen, who often 
experienced an enhancement in status, and 
engineering craftsmen (Table 1). For these 
groups a key need was for multi-skilling, 
a pressure that was increased by recession- 
induced organizational change which 
sought to give the companies greater flexi- 
bility and reduce job demarcations. To ob- 
tain these new skills, the majority of com- 
panies had retrained their own staff, a 
course adopted by over two in three, while 
one in four sought to recruit such skills 
from the labour market, and a few used 
agency staff or temporaries (Table 2). For 
some groups of workers, especially those 
with job-specific skills, the new tech- 
nologies led to de-skilling. 

A separate IMS study? shows the ex- 
periences and lessons from ten organiza- 
tions who have successfully adopted 
microelectronics and retrained the 
necessary staff. It highlights many of the 
issues to be resolved, including the iden- 
tification of training needs, selection of 
trainees and resourcing the training. 
Perhaps most interestingly, this study 
shows how a small injection of training, 
very often involving courses of no more 
than five days’ duration, provided major 
benefits. For individuals the returns in- 
cluded increased job satisfaction and im- 
proved job prospects, while it also gave 
them the flexibility and ability to cope with 
future change. The benefits for the 
employers included in one case the survival 
of the company, for others the rapid 
utilization of new technology, increased 
competitiveness and the release of high- 
level skills. 

Finding people and organizations to do 








Technicians need new skills 


Two recent reports from the Institute of Manpower Studies indicate that the adoption of new 
fechnologies in the workplace introduces the need for, but benefits from, retraining of staff, par- 


the training was not a problem: on the job 
and off the job training in the company, 
equipment suppliers, private and public 
training organizations, colleges and 
distance learning were all used. Perhaps 
most interesting was the use by employers 
of a trade union, the EETPU, which has 
developed electronics training courses for 
electricians. These are run at its own train- 
ing centre and via a mobile instructor ser- 
vice at employers’ premises or in local 
union offices. The courses, which have 
been attended by over 2,000 trainees from 
over 200 sponsoring companies, are seen 
as highly successful because they are prac- 
tical and geared to electricians who may not 
have received any formal training for ten 
years or more. The technology itself is now 
also becoming a major aid to training, es- 
pecially computer- and video-based learn- 
ing, which allows flexible training provision 
and can let trainees learn at their own speed 
and at times convenient to them. 

The lessons of the case studies are that 
retraining, as well as improving skills and 
job performance, can boost employee con- 
fidence and commitment to change, and 
through job redesign increase the utiliza- 
tion of some higher-level skills and reduce 





Table 2 Source of new skills 


Retrain Recruit Other 
Technicians 64% 29% 7% 
Draughtsmen 64% 23% 12% 
Supervisors 91%, 9% — 
Craftsmen 72% 22% 6% 





Source, ref. 1. 


job demarcations. For retraining to aid the 


successful introduction of new technology, 


it does, however, require that top manage- 
ment commitment and employee involve- 
ment should be there at the start, and a 
strategy developed to cope with the long- 
term need for retraining and continual 
change. 

The costs of retraining need not be high, 
while the benefits accrue in both the short 
and the long term. A failure to invest in 
retraining and change by individuals, em- 
ployers and nations is, however, a failure 
to invest in the future. O 


1. Training and Recruitment Effects of Technical Change 
(Gower, Aldershot, 1985). 
2. Retraining for Electronics (NEDO, London, 1985). 


Richard Pearson is at the Institute of Manpower 
Studies, Mantell Buildings, University of Sussex, 
Brighton BNI 9RF, UK. 
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Transcription Performance. . . 
Specific and Verifiable 


The Riboprobe Gemini System is provided with a positive M SP6 T7 
control template allowing you to monitor system perform- 
ance and/or synthesize convenient RNA markers of 

known size and sequence. The Riboprobe Gemini control 
plasmid was constructed by cloning a 1.37 kb DNA frag- 


ment into a pGEM™ plasmid construction. 1418 


1386 


The control template is supplied as a mixture of plasmid 679 
DNAs which have been linearized with Hind Ill, Eco RI 557 
and Hinc ||. Transcription with Riboprobe SP6 polymer- 
ase produces RNA transcripts of 11 bases, 172 bases, 
and 1,386 bases, while transcription of the same DNA 
template mixture with Riboprobe T7 polymerase results 
in transcripts of 43 bases, 679 bases and 1,418 bases. 





The figure at right shows the results of transcription of 

the Gemini system control template with Riboprobe SP6 = 
and T7 polymerases under identical reaction conditions 226 

The autoradiogram of labeled transcripts is seen in (A), 

and (B) shows the same gel after staining with ethidium 

bromide. Transcripts of 226 bases, 557 bases, and 

1,386 bases synthesized with Riboprobe SP6 polymerase 172 

from the single promoter Riboprobe control template (not 172 

the new twin promoter Gemini System template) are 

shown as markers (M). 


Both polymerases produce the expected transcripts, with 
high specificity and with no detectable cross transcription 
from the opposite promoters. Under these conditions the 
small 11 nucleotide and 43 nucleotide transcripts migrate 
off the gel. but those transcripts can be easily detected 
on higher percentage gels (not shown) 


The three extra bands stained with ethidium bromide A 
(B, arrows) are the template DNA. 


Transcription reactions contained (in a total volume of 20H!) 40 
mM Tris-HCI (pH 7.9), 6MM MgClo, 2MM spermidine, 10mM 
NaCl, 10mM DTT, 0.5mM each of ATP, CTP, GTP, and UTP 
2.5 Ci @-32P-CTP, 1ug Riboprobe Gemini control template 
DNA and 7 units of Riboprobe SP6 or T7 polymerase. The 
mixtures were incubated at 37°C for 30 minutes, followed by 
the addition 20u! of a solution of formamide containing 10% 
sucrose and tracking dyes. After heating at 65°C for 5 minutes 
the reactions were quickly brought to room temperature and 
10H! samples layered on a 5% polyacrylamide gel containing 
7M urea. Following electrophoresis the undried gel was ex- 
posed to X-ray film for 5 minutes to visualize labeled transcript 

(panel A). Panel B shows the same gel after staining with 
| ethidium bromide 


v 


For a description of system configurations and catalog numbers see next page ——— > 











Promega’s Unique New Twin Promoter 


System Increases Flexibility While Saving Time 
LL 


The Riboprobe Gemini pGEM™-1 and pGEM™-2 transcrip- | The resulting plasmid has SP6 and T7 promoters 

tion vectors are recombinant plasmids specially con- separated by a short piece of DNA containing multiple 
structed at Promega Biotec. They contain opposed pro- cloning sites. 

moters for transcription of DNA inserts with Promega’s The pGEM™-2 vector has an inverted orientation of restric- 
SP6 or T7 RNA polymerase (your choice). tion sites and was constructed from pSP65 (ibid). 

The pGEM™-1 vector was constructed using the The restriction maps and the DNA sequences of the pro- 
bacteriophage SP6 promoter-containing plasmid pSP64 moters and multiple cloning sites are shown below. 
(Melton, D.A., et al. (1984) Nucleic Acids Research 12, 
7035-7056) and a bacteriophage T7 promoter. 


Xmn | 


G th pGEM” -2 
rd Riboprobe Gemini 
=t ‘cS Transcription Plasmid 


Multiple Cloning 
Mst | Site 


Pwu Il 









Bal | Sph 1% | Hind til 
+ 
+ 


Pst | 










pGEM"-1 
Riboprobe Gemini mes [i] 
Transcription Plasmid 17 fE] 
(2.9 Kb) iiti 





Pw Il Mst | 


Arrows show direction 
and start of transcription 


pGEM™ -1 plasmid promoter & multiple cloning site sequence:* 


SP6 Promoter transcnpton start 


Not drawn to scale 


ATTTA GGTGA CACTA TAGAA TACAA GCTTG GGCTG CAGGT CGACT CTAGA 


Hind Ill Pst | 

Sal | 

Acc | Xba | 
Hinc Il 

T7 transenption garn T7 Promoter 
GGATC CCCGG GCGAG CTCGA ATICC GGTCT CCCTA TAGTG AGTCG TATTA 
| 
Bam HI ae i Saç EcoRI 


pGEM™ -2 plasmid promoter & multiple cloning site sequence:* 
SP6 Promoter transcnpton start 
ATTTA GGTGA CACTA TAGAA TACAC GGAAT TCGAG CTCGC CCGGG 


o 
c ic | Sma | 
Ava | 


T7 transcription start T7 Promoter 
GATCC TCTAG AGTCG ACCTG CAGCC CAAGC TTCCG GTCTC CCTAT AGTGA GTCGT ATTA 


Bam Hi Xba st | ind Ill 


*The sequence shown is the coding strand for T7 RNA polymerase and the non-coding strand for SP6 RNA polymerase 







“Gene Analysis System „` & 


Provides all the benefits of 
e basic Riboprobe System 
LUS: 





J Specifically synthesizes RNA 
_ complementary to either 
DNA strand from a single 
vector. 


“LJ Saves unnecessary cloning 
steps. 


O Ensures that any insert 
orientation will give useful 
plasmids for RNA probe 
synthesis. 


O Provides directly the best 
possible negative control 
for most RNA probe 
applications. 


CO Cheapest per reaction system 
available for making RNA. 


Riboprobe Gemini 


GENERAL DESCRIPTION AND ADVANTAGE 


The Riboprobe Gemini™ system is the latest ir 
RNA probe synthesis technology. It is being in- 
troduced by Promega Biotec to provide you wi 
increased flexibility and time savings. The syste 
allows selective synthesis of RNA from either D 
strand following a single plasmid construction. | 
of the Riboprobe Gemini system also ensures 
that you will obtain useful plasmids for probe sjy 
thesis regardless of the insert orientation. 


The Riboprobe Gemini system consists of: 1) | 
specially prepared RNA polymerases, bacterio- 
phage SP6 polymerase and bacteriophage T7 
polymerase; 2) two plasmids, each containing 
both the SP6 and T7 promoters flanking a multi 
cloning site (see vector construction section on 
next page for additional details); and 3) a positi 
control transcription template. 


To take advantage of the Riboprobe Gemini 
system you simply insert your DNA of interest ir 
the multiple cloning site of one of the pGEM™ 
vectors.” Comparison of the restriction sites in yi 
insert with the sites available in the p@EM™ 
plasmids will allow you to select the constructior 
which will give maximum transcription flexibility. 
After isolating the desired plasmid, you can sele 
tively transcribe either DNA strand by choosing 
the proper Riboprobe Gemini System RNA 
Polymerase. The high promoter specificity of the 
polymerases allows synthesis of RNA from eithe 
DNA strand with virtually no opposite strand 
transcription. Note that any construction obtaine 
in cloning will allow transcription of either strand 
regardless of insert orientation. 


The maps of the Riboprobe Gemini 

pGEM™-1 and pGEM™-2 vectors are shown alc 
with key segment sequences on the following 
page. More detailed restriction maps and com- 
plete plasmid sequences are available on reque 


*Patent applied for 
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Description 


Riboprobe Gemini™ System Il 
This system includes all the reagents (excluding 
radioisotopes) required for performing 50 
transcription reactions. Promega’s pretested 
and transcription-qualified reagents help assure 
consistent results. Included are: 
e Riboprobe SP6 polymerase 
e Riboprobe T7 polymerase 
© 20ug pGEM™-1 plasmid 
e 20ug pGEM™-2 plasmid 
e 10pg Riboprobe Gemini System 
positive control template 
e RNasin® ribonuclease inhibitor 
e Lot qualified solutions of all 4 cold 
ribonucleotides 
e Transcription optimized 5X buffer 


e 100mM DTT 
P1001 


Basic Riboprobe Gemini System 

Each system includes enough of both the 
Riboprobe SP6 and T7 polymerases to perform 
50 reactions, plus 204g of each of the 
Riboprobe Gemini System pGEM™-1 and 
pGEM™-2 plasmids, and 10g of the Riboprobe 
Gemini positive control template. 


All System Components Are Also Available Separately 


Pretested, Transcription-Qualified 
Systems 


For the latest technical information on in vitro 


Description 


Riboprobe SP6 System Il 

This product contains all reagents (excluding 

radioisotopes) required for performing 50 

reactions. Promega’s pretested and 

transcription-qualified reagents help assure 

consistent results. Included are: 

e Riboprobe SP6 polymerase 

e 20ug pSP64 plasmid 

e 20ug pSP65 plasmid 

e 10ug Riboprobe positive control 
transcription template 

e RNasin® ribonuclease inhibitor 

e Lot qualified solutions of all 4 cold 
ribonucleotides 

e Transcription optimized 5X buffer 

e 100mM DTT 


Basic Riboprobe SP6 System 

Each system includes enough Riboprobe SP6 
polymerase to perform 50 reactions, plus 20ug 
of each of the two Riboprobe single promoter 
SP6 vectors (pSP64 and pSP65) and 10xg of 
the Riboprobe positive control template. 





synthesis of RNA and on RNA probe applications, contact Promega Biotec 


or one of our authorized distributors. 
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Also New 


RQT DNase 


Promega’s RNA Qualified DNase performs in the most stringent 


RNA applications. 


Our RQ1™ DNase arrives pretested, 
qualified and ready to use for all 
applications of RNase-free DNase, in- 
cluding Northern blots and digestion 
of DNA in Riboprobe™ System 
transcription reactions. 


Our RQ1 DNase does not degrade 
RNA, and its performance is 
verifiable. We provide you with a 
positive control DNA/RNA mixture 
which allows you to ensure yourself 
that RQ1 DNase is suitable for your 
application. 


Promega’s RQ1 DNase is provided 
in an easy-to-use configuration. 


As a convenience to you, our RQ1 
DNase comes in a buffered glycerol 
solution. It requires no reconstitution 
or dilution prior to use. Simply pipette 
the appropriate amount of RQ1 DNase 
into your reaction and incubate. 


Also, we define RQ1 DNase in a func- 
tional assay which directly relates to 
your use. Thus, we tell you the 
amount of RQ1 DNase required to 
digest a given amount of DNA to 
completion. You no longer have to 
guess at the number of units to add. 


Contact Promega Biotec or any of our authorized distributors for 
package sizes, catalogue numbers and prices. 


Outside the U.S.A. contact: 


In Canada: 
Bio/Can Scientific, Inc. 


2368 Dunwin Drive Genofit, S.A. 


Mississauga, Ontario, Canada 5 Rue des Falaises 

1205 Geneva, Switzerland 
Telephone: 022-29-84-30 
Telex: 423226 STER CH 


L5L 1J9 

Telephone: 416-828-2455 

Telex: 06-218354 
BIOCAN MSG 


In France, Germany, Italy 
& Switzerland: 


In Sweden, Norway 

& Denmark: 

SDS 

Scandinavian Diagnostic Services 
Box 40 

S-311 01 Falkenberg, Sweden 
Telephone: 0346-83050 

Telex: 38230 DIAGNO S 


In Belguim & France 


In Australia & New Zealand Coger 
Promega Pty., Ltd. 

Lower Ground Floor 

114 Victoria Road 

Rozelle NSW 2039, Australia 
Telephone: 02-810-8480 
Telex: AA73870 ALTYPE 


79 Rue des Morillons 
75015 Paris, France 
Telephone: 1-533-67-17 
Telex: COGER 204046F 


In the Far East: 


In Finland: 

Yliopiston Apteekki 
Kemikaaliosasto 
Kalliolanrinne 6 

00510 Helsinki, Finland 
Telephone: 90-717100 
Telex: 121708 UNIVE SF 


Seikagaku Kogyo Co., Ltd. 


in Holland: Tokyo Yakugyo Bidg. In Israel: 

Promega B.V. 9-8, Nihonbashi-Honcho Eisenberg Brothers, Ltd. 
Nassenaarseweg 76 2-chrome Asia House 

Postbus 9502 Chuo-ku, Tokyo, 103 Japar: P.O. Box 33638 

2300 RA Leiden, Holland Telephone: 3-270-0966 Tel-Aviv, Israel 


Telephone: 071-21-58-86 
Telex: 30250 PROM NL 


Telex: SKK J27140 


Telephone: 3-219111 
Telex: 33-511 EISGR IL 


In the UK and Ireland: 

P & S Biochemicals Ltd. 
38 Queensland Street 
Liverpool L7 3JG, England 
Telephone: 051-709-4701 
Telex: 627694 HYDRO G 


2800 S. Fish Hatchery Road 
Madison, WI 53711 U.S.A. 


800-356-9526 
608-274-4330 
910-286-2738 


Toll Free 
Telephone 


TWxX/Telex 
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The complete range for 
M13 cloning and 
dideoxy sequencing 


HU 


He 


Amersham Corporation 
2636 South Clearbrook Drive, Arlington Heights, IL 60005 
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Lake Vanda in the Wright Valley, one of the dry valleys 
of the Antarctic. This is one of the many lakes in these 
valleys, all of which are frozen throughout the year. 
The thickness of the ice on the lakes is only about 3-6 
metres, despite average temperatures of —20°C (p. 
561). (Photo: J. Robie Vestel.) 
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Constant Power for Electrophoresis 


« Constant Voltage to 4000V 

« Constant Power to 200W 

« Constant Current to 200 mA 

Now, there is a power supply to match 
the most critical needs in Constant 
Power separations. The new EC600! 

The 3-mode power supply (constant 
voltage, constant power, or constant 
current), provides precise readings from 
a 2-range wattmeter, 4-range voltmeter, 
and 4-range milliammeter. Output reg- 
ulation + 1% from zero to full load. 

Voltage, current, and power set-point 
controls for automatic crossover for a 
programmed run. 

More safety features than ever with 
low level ground leakage detection, 
manual start button, automatic safety 
shut down on cell disconnect, and a 
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CMOS logic memory device which 
restores programmed operation up to 3 
hours after a power interruption. 

If your work involves DNA sequenc- 
ing, isoelectric focusing, isotachopho- 
resis, and general electrophoresis, you 
need the best power supply available. 
The EC600...few applications test its 
full capabilities; no other power supply 
can match it! 


110V Input 
220V Input 


For more information, call Technical 
Service toll-free at 1-800-624-2232 
(in Florida, 1-800-282-7932). 


E-C Apparatus Corporation 
E-C 3831 Tyrone Boulevard N. 


St. Petersburg, Florida 33709 
813-334-1644 Telex 51-4736 HALA 
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THIRD INTERNATIONAL 
Low Temperature Biological 

Microscopy and Analysis Meeting «> 

University of Cambridge, April 1-4th 1985 % | 


Royal Microscopical Society 
an 


NEDERLANDSE VERENIGING VOOR ELECTRONENMICROSCOPIE 









The conference will consider new ways of rapidly cooling cells, of diminishing the formation of ice crystals, and of handling deep frozen 

samples. The contentious subject of vitreous ice will be discussed — isita practical reality or only a theoretical dream. The mechanical 
properties of ice will be considered in relation to the important processes of sectioning and fracturing. Detailed consideration will be 
given to the interaction of photons and high energy electrons with frozen samples, used either as a means of high resolution imagingor. 
to initiate the formation of x-rays for subsequent analysis. A whole session will be devoted to the interesting problems of ionizing 
radiation damage to organic materials: Although there is little one can hope to do about the initial femtosecond events, there is 


increasing evidence that very low temperatures may slow down the outward diffusion of free radicles from the initial target site thus 
diminishing the radiation damage. 

By- inviting a multi disciplinary group of speakers it is hoped that real progress may be made in solving some of the outstanding 
problems associated with cryomicroscopy. For example, a better understanding of the contrast mechanisms which follow: the: 
interaction of electrons with frozen specimens, coupled with the application of some new and faster quench cooling methods could. 
allow water, as microcrystalline ice, to be the universal fixative and embedding medium for electron microscopy of biological materials. 
A better understanding of the interaction of water molecules with biopolymers, and the selective removal of free water by non-polar: 
solvents could provide the basis of an immuno-analytical technique for the study of the structure and distribution of biologically active 
proteins and carbohydrates. 

The following invited speakers have agreed to attend: 











A. Angell Purdue Crystal nucleation and vitrification processes in supercooled liquids. 
B. Bald Cranfield Relative merits of various cooling methods. 

A. Boekestein Wageningen Quantitative procedures for x-ray microanalysis of bulk samples. 
P. Bridgman St. Louis Freeze substitution of HVEM of whole cells. 

S. Bullivant Auckland Freeze-fractured membranes. 

E. Carlemalm Basel Low temperature embedding. 

W. Chiu Tucson Cryoelectron crystallography of proteins. 

H. Dalen Bergen SEM and TEM analysis of freezing patterns. 

K. Diller Austin Computer assisted cryomicroscopy of cell size and shape. 
J. Dubochet Heidelberg Vitrification: the open door for cryo-electron microscopy. 
P. Echlin Cambridge Procedures for quantitative analysis of frozen-hydrated specimens. 
M. Fotino Boulder Visualization of biological specimens by cryo-HVEM. 

F. Franks Cambridge Metastable water at subzero temperatures. 

P. Frederik Maastricht Trends in cryoultramicrotomy. 

R. Glaeser Berkeley Electron diffraction analysis of bacteriorhodopsin. 

H. Gross Zürich Freeze drying and shadowing. 

H. Hagler Dallas Cryotransfer of ultrathin cryosections, 

T. Hall Cambridge Quantitative analysis of frozen sections. 

T. Hayes Berkeley Low temperature SEM of bulk frozen samples. 

D. Ingram Houston X-ray microanalysis of intracellular hydration. 

E. Knapek Munich High resolution cryoelectron microscopy. 

C. Körber Aachen Cryomicroscopy of ice formation in biological samples. 

J. Lepault Heidelberg Vitrified biological suspensions. 

E. Mandelkow Heidelberg Cryo-electron microscopy and x-ray diffraction of microtubules. 
A. Marshall La Trobe X-ray microanalysis of bulk frozen-hydrated samples. 

E. Mayer Innsbruck Vitrified liquid water. 

A. McDowall Heidelberg High resolution electron microscopy of vitrified sections. 
R. Milligan Stanford Ribosome structure by means of cryo-electronmicroscopy. 
H. Moor Zürich High pressure cooling. 

J. Morris Cambridge Cold shock injury. 

M. Nermut London Monolayer freeze fracturing. 

J. Pawley Madison HVEM of freeze dried cytoskeleton. 

K.R. Peters Yale Low temperature, ultra thin, sputter coating procedures. 
P. Pinto da Silva Frederick Freeze-fracture and cytochemistry of membranes. 

A. Saubermann Houston X-ray microanalysis of biological cryosections. 

D. Shotton Oxford Correlative immuno-labelling and freeze fracture. 

U. Sleytr Vienna Freeze fracture replication. 

P. Steponkus Cornell High resolution video cryomicroscopy. 

Y. Talman Haifa Radiation damage at ice-organic material interface. 

A. Verkleij Utrecht Cryomicroscopy of membrane components. 

K. Zierold Dortmund STEM analysis of biological cryosections. 





The conference is being supported by the London office of the Office of Naval Research, United States Department of the Navy and 
the Royal Society of London. 
For further details contact: Dr. Patrick Echlin, School of Botany, Cambridge CB2 3EA. Telephone: 0223 61414. 


EXHIBITION 
An exhibition of equipment associated with the above conference will be held in the Department of Physiology, Tennis Court Road, 
Cambridge. The exhibition will be open to non-delegates at the following times: 

Tuesday 2 April 0930-1030 1300-1500 

Wednesday 3 April 0930-1030 1300-1400 
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Who should call the shots? 


Britain’s environment research council has an impossible burden and an inadequate budget. It should. 
return responsibility where it belongs, with politicians. a 


THE management of a growing scientific enterprise is child’s play 
compared with the management of a shrinking enterprise. That, 
charity demands, is the spirit in which even sceptics should read 
the prospectus published this week by Britain’s newest and 
smallest research council, the Natural Environment Research 
Council (see pp. 516 and 523). The kind thing to say about the 
council’s present difficulty is that it never had a fair chance. The 
intention, twenty years ago, was that the council should be a 
comprehensive umbrella for the conduct of research in all aspects 
of the natural environment, but this was frustrated by (among 
other things) the political decision that the Meteorological Office 
should not be counted in. Since then, the council has been 
financially and intellectually damaged by the unwillingness of 
central government departments to commission the volume of 
research foreseen at the time of the Rothschild reorganization 
of British civil science just over a decade ago. And there have 
been self-inflicted wounds, those caused by poor organization 
for example. 

The new plan is an attempt at repair and is, in many ways, 
courageous. Importing the doctrines of management 
responsibility into the affairs of a research organization is bound 
to cause trouble, notably among those who will no longer be 
flattered by being asked to give advice but not to face the 
consequences thereof. Institute directors will also make trouble, 
sometimes on the good grounds that they know better than the 
committees what work should be done, sometimes no doubt out 
of mere pique. There will also be resentment, much of it 
justifiable, among those researchers who will be forced (or 
tempted) away from their jobs for the sake of releasing funds 
for the support of academic research. The council deserves high 
marks for bravery in having grasped these nettles. But is the task 
on which it has embarked either necessary or prudent? 


Reorganization 


The chief and laudable justification of the reorganization now 
proposed is to shift the balance of the council’s research support 
from its own institutes to the universities, but the sums of money 
involved are only small. On the council’s own figures, spending 
on research grants and training awards will increase from £11.6 
million in the present year to £16.9 million five years from now. 
With British academic research in the doldrums, the extra £5 
million would be eagerly welcomed if it were available now; what 
joy it will bring five years from now is anybody’s guess. But the 
council’s spending on this valuable cause is hardly ever likely to 
exceed ten per cent of what is spent in the universities by the 
research councils for science (with engineering) and medicine. 
When the scale of the environment council’s operations is, by 
comparison, so much smaller, the advantages of pluralism are 
likely to be more than offset by the danger that the council’s 
support of academic research will become the prisoner of sectional 
interests. It would make more sense that the council’s academic 
support programme should be made part of the larger pot 
operated by the Science and Engineering Research Council. 
The second part of the council’s prospectus entails further 
beastliness towards its own research institutes, most of which were 
inherited in 1967 much as they still are. The institutes are a mixed 
bag. Most are important sources of research in their fields, but 
some serve also as important means for- supporting academic 











































research, Others, such as the Institute of Terrestrial Ecology, have. 
both these functions and are also the natural source of intellectual 
support for bodies such as the Nature Conservancy Council: 
(which is desperately in need of a research organization to call 
its own). Still others have important executive functions; the 
British Antarctic Survey has become almost an instrument of. 
British foreign policy since the Falklands War (spending nearly 
10 per cent of the council’s budget), but the British Geologica 
Survey, which earns two-thirds of the council’s income from. 
research commissions but whose net cost is much the same, could 
be held to satisfy a national economic need. The obvious danger 
in the research council’s proposals is that the effectiveness of some 
of these institutes could be further damaged by the pressure on © 
their resources without there ever having been an objective. 
appraisal of their present value to the intellectual community or: 
to the British national interest. It will be especially cruel (and. 
wasteful) if this should happen simply because there has been. 
a sequence of arbitrary budget cuts now further to be intensified 
by the environment research council’s laudable ambition to do 
more directly to support academic research. Why, at least, not. 
preface such a decision by a protest to the paymasters (th 
Advisory Board for the Research Councils and, ultimately, th 
British government) that the casualties may be vital research’. 
institutions? 


Management 


What the new prospectus says about the management of its” 
operations is bound to cause trouble, but could be worth a try. 
The essence of the scheme is a greater degree of central authority: 
for the shaping of research programmes, which is for obvious. 
reasons an unfamiliar notion. Those who emphasize the anarchic 
character of research will be up in arms, but the more immediate 
difficulty stems from the incompleteness and diversity of the 
research council’s operations, which are as lopsided now as when 
it began. The absence of the Meteorological Office means that 
the council’s research in the atmospheric sciences is hardly as 
important as that carried out by other organizations, the Atomic: 
Energy Authority for example. The lack of a formal connection 
with the Nature Conservancy Council harms both partners in this 
unrequited relationship. The British Antarctic Survey is beyond 
appraisal (which is no reflection on the quality of its work). The 
research council has ambitions in remote sensing from beyond 
the atmosphere, but space research is managed by others. Taking . 
a central view in such circumstances will be difficult, to say the 
least. The council’s brave administrative experiment had best been 
attempted in some other field. 
These are some of the reasons why Nature argued, last October 
(311, 498; 1984), that the best solution of the council’s problem 
would be its dismemberment. Mr Hugh Fish, the council’s. 
chairman, demurred, saying that the option had been considered 
but rejected and that many of the council’s establishments do 
excellent work, which is true (see Nature 311, 700; 1984). But 
if and when the council is reorganized along the lines now 4 
proposed, it will still be a lopsided organization and, given the 
financial forecasts, still less able than at present to perform the 
functions expected of it. No doubt a part of the council’s interest 
that there should be a close examination of what its founding ` 
charter means is that it would be a great convenience if some of 





position in which to be discovered. Even the environment 
council's detractors will agree that it is grossly unfair that a public 
-corporation managed by people who are not even civil servants 

should be saddled with impossible responsibilities and an 
inadequate budget and invited to make decisions which are, in 
essence, political. Whether and on what scale there should be a 
< continuing geological survey in Britain is a decision that con- 


_- stitutionally should be made by ministers, not by research council 


“employees or, still less, by volunteer members of advisory 
committees such as the Advisory Board for the Research Councils. 
For the time being, the research council’s duty is to tell them so, 
_ in terms that cannot be shirked. Doing so would necessarily invite 
attention to the research council’s own plight, as it would become 
if the British Geological Survey were to join the British Antarctic 
Survey as a protected pensioner of the ‘‘protected’’ British science 
budget. Ministerial inquirers might well conclude that for the 
research council, dismemberment would certainly then be the best 
policy. People are naturally shy of opening that can of worms, 
but, in propriety, there is no choice. q 


Star wars bargain 


The US president’s science adviser should learn 


to temper his loyalty with proper embarrassment. 
EVEN under the best of circumstances, one of the essential 
requirements for the job of science adviser to the US president 
is a split personality. The scientific community sees the science 
adviser as a superlobbyist for science — but he is a lobbyist who 
is also part of the political apparatus, which makes for strain when 
the apparatus takes decisions not necessarily in the best interests 
of science. A tight budget is the acid test. Dr George Keyworth’s 
predecessor was able to retain sufficient aloofness from the land 
< of make-believe of Washington politics to appear embarrassed, 
‘at least, when forced during the 1980 election to make a series 
of budgetary about-turns by President Carter seem to be a sudden 
large new investment in research and development. Keyworth, 
however, is another matter. He has never made any bones about 
his conviction that his primary job is to support the president. 
Keyworth has shown no trace of embarrassment about star wars 
in the past two years and, last week, in announcing how the 1986 
budget will affect science, he showed no embarrassment in playing 
‘a little fast and loose with the figures to make it look better than 
“it was. Among his more incorrect statements was that ‘‘funds 
obligated for non-defense research and development will remain 
essentially constant from 1985 to 1986’’. The budget documents 
disagree: they show a 4 per cent cut in non-defence research and 
: development and that on top of a 4 per cent or so inflation rate. 
It is hard to see how an 8 per cent real cut in spending is 
‘essentially’? no change. 

Keyworth played a more standard Washington game, though 
one that is no more defensible, in claiming that funds for 
alternatives to the UNESCO science programmes (see p.518) were 
to be found in the budgets for various US science agencies. In 
fact, there is no new money at all except for $2.7 million allowed 
by the State Department (a far cry from the $50 million that the 
United States had been contributing to UNESCO and even from 
the $14 million that the National Academy of Sciences recom- 
mended be provided for science activities to make up for the US 
withdrawal). And while it is true that the National Science 
Foundation supports a relatively large amount of international 
cooperative research, this has been going on for years and has 
nothing to do with UNESCO or the decision to withdraw there- 
from. And in any case, international programmes have been cut 
in the foundation’s budget as now proposed. The same game was 
played in claiming the existence of $42 million in the Department 
of Agriculture’s Cooperative State Research Service (CSRS) for 
biotechnology. This is not new money; the CSRS budget has been 
frozen. 

In testimony before the House of Representatives’ Science and 
= Technology Committee last week, Keyworth also glibly defended 





he a e t federal assistance to students, 
noting that parents are demonstrating a new sense of responsibility 
to educate their children. He has defended the budget’s 
indifference to US-Soviet scientific exchanges, saying, in response 
to a congressman’s admonition to keep an open mind on the 
subject, that ‘‘I’m not sure that I would want to have a terribly 
open mind in dealing with a country that has an inherently adver- 
sarial form of government’’. He defended the administration 
request of $3,700 million for star wars: ‘‘The Soviets have more 
than one reason to worry about SDI [the Strategic Defense 
Initiative] in addition to the prospect that strategic defense will 
make worthless the bulk of their immense offensive nuclear force. 
Our effort to produce a defensive system will almost certainly 
stimulate a new thrust in technology and leave the stagnating 
Soviet economy further behind.” 

Keyworth summed up by saying, “I’m proud of the budget’’. 
It would have been reassuring to the scientific community if he 
had at least looked a bit embarrassed when he said it. Cj 


Loyal Keyworth 


The United States cannot expect next month’s 


Geneva talks to succeed without a bargain. 

MR Caspar Weinberger’s swing through Western Europe earlier 
this week is the most serious attempt so far by the US administra- 
tion to win support for star wars, otherwise the Strategic Defense 
Initiative (SDI). Chancellor Helmut Kohl in West Germany is 
Mr Weinberger’s most conspicuous convert so far, although the 
visit of Mrs Margaret Thatcher, the British prime minister, to 
Washington at the end of last year leaves her on record as hav- 
ing won from President Reagan an assurance that SDI is at this 
stage strictly a research programme, one that will not be turned 
into a working military system without consultations on the sub- 
ject with the Soviet Union. Mr Weinberger might tactfully have 
made more of this important concession in his declarations at 
the weekend, especially because much of Western Europe is fear- 
ful that the talks arranged for Geneva on 12 March between the 
Soviet Union and the United States will collapse in the warm glow 
of the belief engendered by President Reagan’s inaugural speech 
that all is well in the West. Neither Mr Weinberger nor the US 
administration seems to appreciate that the pursuit of SDI re- 
quires some kind of tacit licence from the Soviet Union, at least 
if the arms control negotiations are to survive. 

If SDI is indeed a research programme, the following considera- 
tions apply. First, it is by no means certain that the outcome will 
be a workable defence against strategic missiles. Indeed, there 
are many who insist that the opposite must be the case, and that 
the only conceivable outcome of the efforts now being expended 
will be a kind of improved version of the anti-ballistic missile 
systems canvassed in the early 1970s and rejected then on the 
grounds that they would be ruinously expensive and strategical- 
ly destabilizing. So neither the United States nor, for that mat- 
ter, West Germany, should count on success, which means that 
the need for an agreement (if attainable) at Geneva is as urgent 
as it was before SDI became fashionable. Second, then, it follows 
that there should be some demonstration at Geneva that SDI is 
indeed pure exploration, for which purpose the most convenient 
instrument would be a moratorium (say, for the next four years 
of the present administration) on the testing of anti-satellite 
weapons. The case, repeated last week by Mr Weinberger, that 
the Soviet Union has already deployed such a weapons system 
is unconvincing, for it is too primitive a system to be taken serious- 
ly at this stage. Third, there is the problem of the anti-ballistic 
missile treaty, which formally prohibits the development and 
testing of components of such a system beyond the atmosphere. 
No doubt there are lawyers who will argue that the bits and pieces 
that will be developed as part of SDI are not components of an 
anti-ballistic missile system, for such a device has not yet been 
designed. But there are lawyers, many of them from the Soviet 
Union, who will argue the other way. The only way of finessing 
that difficulty is to have it openly discussed at Geneva. Cl 











US shutile 


NASA takes 






gloomy 


view of prospects 


Washington 

COMPETITION between the United States 
and Europe to launch commercial payloads 
into Earth orbit is apparently bruising the 
National Aeronautics and Space Admin- 
istration (NASA). 

Administrator James Beggs of NASA 
told Congress last week that market 
prospects for the ‘‘Space Transportation 
System” (NASAspeak for the shuttle) has 
been ‘‘very severely eroded” in the past 
year, so much so that NASA is having 
difficulty justifying a fifth orbiter in the 
foreseeable future. 

Competition from Europe is not the only 
threat to the shuttle’s commercial prospects 
but it is one of the most worrying to 
NASA. Beggs told the House of Represen- 
tatives Science and Technology Committee 
that Europe was marketing the Ariane 
launch vehicle ‘‘very aggressively’’ and said 
he was ‘‘pessimistic about our ability to 
hold the lion’s share of the market”. In the 
past 14 months, Beggs said, ‘‘they’ve won 
five and we’ve won five and nobody else 
has won any’’. He also noted the recent de- 
cision of European science ministers to 
commit ‘‘around | billion’’ dollars to de- 
veloping the Ariane 4 and Ariane 5 
launchers. 

But there are other problems for NASA’s 
shuttle commercialization plans that stem 
from nearer home. Last year the Depart- 
ment of Defense decided to go ahead with 
its own expendable launch vehicle for 
military payloads, partly because it is dis- 
illusioned with the shuttle’s reliability 
(numerous launches have had to be post- 
poned) but also because of publicity sur- 
rounding shuttle launches. Press coverage 
of a military shuttle mission last month 
caused a political furore because Secretary 
of Defense Caspar Weinberger had said 
that news media must not so much as 
speculate about the objectives of the 
mission. 

NASA had been expecting to launch at 
least two military payloads a year, roughly 
10 per cent of planned missions for the next 
few years, and the loss of that source of 
income will hurt. Moreover, the National 
Oceanic and Atmospheric Administration 
(NOAA) has recently informed NASA that 
three meteorological satellites scheduled for 
launch in the shuttle will now be sent up 
on reconditioned Titan I] rockets which 
have for years been sitting unused in silos 
as Minuteman missile launchers. Beggs 
noted dryly that the reconditioned rockets 
“are being offered around town” at cut- 
price rates but declined to comment on the 
financial wisdom of NOAA’s decision to 
abandon the shuttle and to use its own 
launchers. 





Beggs said that by the early 1990s the 
country would probably be ready to start 
developing a second generation shuttle. 
Enough has already been learned for clear 
technological improvements to be incorpor- 
ated, such as an improved thermal insula- 
tion system. Problems with the shuttle’s 
heat-resistant tiles have caused extensive 
delays to launch schedules. A second gene- 
ration shuttle might be ready for operation 
early in the next century, Beggs said. 
NASA’s proposed budget for 1986 ($7,900 
million) will not mean the cancellation of 
any programmes, but development of the 
space station in 1986 will have to proceed 
at a ‘‘slightly slower pace” than had been 
anticipated, and no new projects will be 
started. 

The Ariane 4 rocket now under develop- 
ment by the European Space Agency will 
be able to take a payload of around 4 
metric tonnes into geosynchronous orbit; 
Ariane 5, which is still on the drawing 
board, would double that performance. In 
comparison, a shuttle payload can be up 





Academics’ doubts on research plan 


BRITISH academics familiar with the 
Natural Environment Research Council 
(NERC) say that the corporate plan con- 
tains good news (more emphasis on univer- 
sity support) and bad news (the continu- 
ing problem of declining funds). Two issues 
emerge as particularly contentious, the in- 
creased role of central administration and, 
among the Earth scientists, the apparent 
lack of commitment to the British Geo- 
logical Survey. 

Under the new plan, due to be published 
today (14 February) the role of central 
administrative staff would be enhanced in 
three ways. The number of such staff 
serving on the scientific committees would 
be increased, three scientific directors 
(possibly permanent) would be appointed 
to headquarters and the position of the 
NERC secretary as the conduit between the 
chairman of NERC and those below him 
would be confirmed. All three develop- 
ments ring alarm bells. “J would be hor- 
rified to think that the scientific directors 
might be permanent members of staff — 
I cannot think of anyone who could do the 
job’’, said one academic. Another feared 
that the chairman of the research council 
would be insulated from the directors of 
science. And there are complaints of ‘‘occa- 
sions when the lack of administrative staff 
on the scientific committees has produced 
problems of coordination, but to give them 
voting rights certainly enhances the degree 
to which control is centralized’’. One com- 





























Ariane up again 
THE twelfth Ariane launch last Friday, 
using an Ariane-3 rocket, sucessfully placed 
two communications satellites. into geo- 
stationary trasfer orbit: Arabsat F1-(1,195 
kg launch mass) and Brasilsat 1 (1,140 kg). 
Arabsat will serve North Africa and the 
Middle East, using ground control stations 
at Dihrab (near Riyadh) and near Tuni 
A second Arabsat is due to be launched 
later this year by. the “Space” shuttl 
Brasilsat, naturally enough, will serve as 
national Brazilian. communica 
satellite, and will be controlled by 
Tanguà ground station near Rio de Janeiro. 
The satellites are firsts both for the Arab 
states and for Brazil. Robert Walgate 








to 30 tonnes, although extra motors arè 
needed to boost a satellite from the shuttle’s 
low orbit into geosynchronous orbit. 

At present, NASA is flying experimental 
packages in the shuttle for potential comi- 
mercial collaborators at bargain basement 
prices (some are free), but NASA has been 
directed to move towards a realistic pricing 
policy for commercial shuttle customers, 
As it does so, Ariane can be expected to 
enjoy an increasing cost advantage over the 
shuttle. At least, that is what NASA people 
fear and what Europeans hope. 

Tim Beardsley 


mon view is that the scientific directors 
could be an improvement, but that 
‘anyone doing the job for more than four 
or five years could become a danger to the 
community’’. 

The recent problems (see Nature 311, 
499; 1984) of the systematic geological 
surveying by the British Geological Survey 
(BGS) have stimulated much public 
criticism of NERC by British academics. 
This concern is recognized but left virtually 
unanswered in the corporate plan, ‘‘Cer- 
tainly the structure of BGS needs changing 
and contraction”, said one senior geologist, 
“but what is desperately needed is some 
commitment to a systematic survey of the 
United Kingdom, both at the surface and 
at depth’’. The corporate plan promises 
‘alternative approaches, with a concom- 
itant loss of precision, if additional re- 
sources cannot be found’’. The document 
says elsewhere that ‘‘the council is review- 
ing its role of support of routine survey and 
data banking exercises: the latter will be 
pursued only on commission and/or where 
they underpin major programmes of re- 
search”. That members of BGS are critical 
of their parent body, NERC, has become 
well known (see Nature 31 January, p.340). 
But there is now an influential body of aca- 
demic opinion that believes that the stra- 
tegic geological survey of the United 
Kingdom should be removed from NERC’s 
control, perhaps to a government . 
department. Philip Campbell 




















































Washington 

IN spite of a public commitment to con- 
tinue supporting the science programmes 
-of UNESCO (the United Nations 
-Educational, Scientific and Cultural 
` Organization), or their equivalent through 
other channels, after the United States’ re- 
signation from the international organiza- 
tion with effect from 1 January this year, 
the Reagan administration last week re- 
- quested only a token $2.7 million in the 
budget it sent to Congress. The US contri- 
bution to UNESCO science programmes 
had been $14 million per year, according 
to an analysis prepared last year by the 

National Academy of Sciences. 

* The commitment had been offered most 
recently by Assistant Secretary of State 
Gregory Newell in testimony before the 





Casualties in sight 


The five UNESCO programmes in which 
the United States wishes to continue to par- 
_ ticipate are: 
@ International Geological Correlation 
Program (IGCP) 
‘About 80 countries participate in this 
project to formulate worldwide correlations 
| of geologic strata. The programme was 
: established largely because of the efforts of 
American Earth scientists; some 300 US 
scientists currently participate in IGCP 
working groups. 
© Intergovernmental Oceanographic 
Commission (IOC) 
IOC is the major mechanism for inter- 
national exchange of oceanographic data. 
Data on subsurface ocean temperatures and 
salinity obtained by merchant and research 
ships are collected and shared; IOC also 
provides support for the oceanic com- 
ponents of the World Climate Research 
Program. 
© International Hydrological Program 
(HP) 
; More than 120 countries are involved in 
IHP, which is aimed at developing rational 
. management of water resources; the pro- 
gramme is at present concerned with arid, 
semi-arid and humid-tropic regions. US 
withdrawal from UNESCO will result in 
loss of representation in the manning of the 
< programme. 
@ Man and Biosphere programme 
MAB is a vast international programme 
now in its twelfth year, whose stated aim 
; is the study of the natural biosphere and 
man’s effect upon it. Withdrawal will cost 
the United States its leadership positions in 
the programme. 
@ Natural hazards programme 
This programme has provided US Earth 
scientists with the opportunity to visit areas 
! prone to earthquakes and other natural 
: < hazards; it is directly under UNESCO 
: management. GO 





goes back on promise 


House of Representatives Foreign Affairs 
Committee last autumn. It is thought that 
the State Department’s original budget 
request included the money for the science 
programme, but was shot down by the 
Office of Management and Budget. 

State Department officials say they do 
not yet know exactly how the $2.7 million 
will be allocated. But some of the money 
is earmarked for non-science activities, 
such as continued US participation in the 
international copyright convention. The $2 
million or so that will be left for science is 
expected to provide for minimal continued 
US participation in five UNESCO pro- 
grammes: the Intergovernmental Oceano- 
graphic Commission (IOC), the 
International Geological Correlation 
Program (IGCP), the International Hydro- 
logical Program (IHP), the Man and 
Biosphere (MAB) programme and the 
natural hazards programme. A State 
Department official said that the aim will 
be to ‘‘plug the holes where US 
participation is essential to US interests” 

But the State Department has doubts 
about how far $2 million will go to meet 
that aim. Although there is no dispute that 
the United States can retain its seat on IOC, 
and possibly on the governing board of 
IGCP, it may lose influence if it does not 
contribute significantly to overhead costs 
and to new projects. In the other pro- 
grammes, the United States is sure to lose 
its official role in management and 
planning. And even the $2 million, 
designed to support directly the cost of 
participation by US scientists plus a share 
of overhead, falls short of the bare 
minimum figure of $3 million recom- 
mended by the National Academy of 
Sciences report for direct contribution to 
these five UNESCO programmes. 

The academy, moreover, recommended 
substantial additional support through 
alternative channels to make up for the US 
withdrawal. No such new funds are 
provided in the proposed 1986 budget; in 
fact, the National Science Foundation’s 
budget for international cooperative re- 
search projects is to be cut from $13.6 to 
$12.1 million under the Reagan proposal, 
reducing participation by US scientists to 
1,300 from the present 1,400. 

The academy report warned that “in 
order to maintain confidence in US partici- 
pation in international science programs, 
withdrawal must be accompanied by a 
serious commitment, expressed in policy, 
institutional and budgetary terms to a con- 
tinued and strengthened American role’’. 

The UNESCO executive board is holding 
an emergency meeting this week to decide 
how to adjust its programme in the light 
of US withdrawal, which took 25 per cent 
of UNESCO’s operating budget with it. 
State Department officials say that the US 
withdrawal will have no immediate effect 





UNESCO activities; the UNESCO board, 
however, with only $2.7 million from the 
United States from next October, will prob- 
ably have to cut back on some of the pro- 
grammes with which the United States 
hopes to remain involved. 

Congressional action remains a wild- 
card. The House Foreign Affairs 
Committee is scheduling hearings for later 
this month. Stephen Budiansky 





Japanese students 


Choices change 


Tokyo 

WHEN it comes to deciding on careers, 
Japan’s students seem to share fully their 
government’s faith in high technology. This 
year has seen a marked shift in university 
entrance preferences towards courses in 
biotechnology and the new electronic 
media, and companies with major biotech- 
nology projects are zooming up the pop- 
ularity charts for university graduates 
seeking work. 

Part one of the university entrance exam- 
inations — the nationwide examinations 
for state universities which precede those 
given by individual universities — was held 
last week. Analysis of the major subjects 
according to number of applicants shows 
that students are reacting to the emergence 
of new industries almost as quickly as the 
Tokyo stock market. Just like the 
seemingly endless boom for biotechnology 
companies there, biotechnology-related 
courses are attracting more and more appli- 
cants. As many of these courses are offered 
in faculties of agriculture, there is a corre- 
sponding rise in their popularity, after some 
years in the doldrums. 

Together with biotechnology, courses 
related to the new electronic media — the 
kind of services that will be offered by the 
information network system — are also at- 
tracting more students. The traditional 
“safe” careers of medicine and dentistry 
are seeing a sharp decline in popularity. 

Much the same picture emerges from 
surveys of which companies students want 
to work in after they graduate. Although 
banks and insurance companies and the 
giant automobile and electronic makers are 
always among the favourites, the whisky 
manufacturer Suntory, which has invested 
very heavily in biotechnology, is now one 
of the three most popular companies. The 
high-technology ceramic maker Kyocera, 
a leader in the race to develop a ceramic 
engine, is also enjoying a sudden increase 
in popularity even though, like Suntory, it 
is not among Japan’s 50 biggest companies. 

The popularity of biotechnology extends 
to the government too. Adding together the 
appropriations in the budgets of all six 
ministries with biotechnology projects 
shows that spending in 1985 will reach 
33,000 million yen (US $130 million), more 
than 6 per cent up from last year. 

Alun Anderson 





Biotechnolog 


US quarantine rules attacked 


Washington 

US BIOTECHNOLOGY companies are hoping 
to persuade the US Department of Agri- 
culture (USDA) to bend its notoriously 
strict quarantine rules that delay for up to 
a year the importation of cell lines and cell- 
line products. The companies complain 
that unless an exemption is granted, the 
United States could find itself at a compe- 
titive disadvantage in world markets. In- 
dustry experts claim that within a few 
years, US companies will be seeking to 
import thousands of tissue cultures, hybri- 
domas and tissue-culture products every 
year. 

The USDA quarantine applies to any 
material prepared with animal products 
that could harbour the foot-and-mouth 
disease virus or other livestock diseases not 
already found in the United States. For the 
biotechnology industry, this typically 
means products prepared with bovine 
serum or the enzyme trypsin, which is 
obtained from cows or pigs. All imports 
must go through safety testing at USDA’s 
Plum Island quarantine facility before 
being allowed into the country. Companies 
must pay for the test, which usually costs 
around $2,500. 

Bruce Mackler, general counsellor for 
the Association of Biotechnology Com- 
panies, says that the rules are having an 
immediate effect on US companies such as 
Charles River and Damon that are hoping 
to compete with European companies, 
notably Celltech in Britain, in the contract 
fermentation business. 

According to Dr Laura Peterson of 
USDA’s Animal and Plant Health Inspec- 
tion Service, about 100 applications for im- 
port permits are filed each year. She said 
that there has been a noticeable trend 
among the applications from biotechnology 
companies towards requests for importing 
large numbers of hybridomas at a time. 

Peterson said she did not know of any 
cases so far in which biotechnology pro- 
ducts had been found to carry disease or- 
ganisms. But one of the nine outbreaks of 
foot-and-mouth disease that occurred in 
the United States between 1870 and 1929 
was traced to an imported smallpox 
vaccine. Foot-and-mouth disease is present 
in France, Germany, Switzerland and other 
mainland European countries; it has been 
eliminated in the United Kingdom, Scan- 
dinavia and Japan. Foot-and-mouth is a 
special case under US law: importation of 
the virus for any purpose is forbidden. 
Testing involves inoculating a steer at Plum 
Island followed by serological testing after 
4-6 weeks. A number of less common 
livestock diseases found in Australia and 
Africa are also of concern to USDA, but 
these can generally be spotted with simpler 
tissue-culture tests. 

Peterson indicated that USDA was sym- 
pathetic to the industry’s concern; one pos- 





sibility would be to exempt from safety test- 
ing products that will be used in clinical ap- 
plications or as in vitro diagnostics, where 
the risk of spread to livestock is small so 
long as used material is properly disposed 
of. The industry is also trying to encourage 
development of a tissue-culture test for 
foot-and-mouth, and is proposing to 
support a postdoctoral worker at Plum 
Island to assist in this work; Peterson said 
that USDA was cooperating in this effort. 


CERN economics 






Industry represe: tatives are ing L 
officials this week, and a decision is ex- 
pected soon on new procedures. 
Academic research, in which laboratory: 
animals are used, poses a more difficult 
problem, one compounded by widespread: 
ignorance of or indifference tothe regula 
tions by academics. Mackler notes that. 
“casual transfers” of cell lines have bee 
the norm for years among academic re 
searchers, who are accustomed to puttin 
samples “in their pockets’: and blithels 
walking through customs; no- compan) 
could take the risk ‘of following th 
example. Stephen Budians 


Particle physics pays (official) 


THE European Organisation for Nuclear 
Research, CERN (near Geneva), can claim 
to pay back at least 60 per cent of its 
current £240 million annual budget in the 
form of ‘‘added value” from its contracts 
with European industry, claims a CERN re- 
port just published*, CERN made a simi- 
lar study, and claim, for the first time ten 
years ago. The present report brings the 
story up to date, projects value forward to 
1987 and may be of significance in the 
struggle over the CERN budget in Britain. 

Dr Herwig Schmeid, now an economist 
at the University of Strasbourg, pioneered 
the methods the report uses — basically a 
series of interviews with a random sample 
of CERN contractors, who were asked to 
quantify any spin-off from CERN work. 
Lowest values were always taken, CERN 
claims, and when the benefit was unquan- 
tifiable (such as the prestige of a CERN 
contract when seeking new clients), ‘‘no 
benefit’? was recorded. So the method 
underestimates spin-off, claims CERN 
personnel manager Dr Norman Blackburne, 
one of the co-authors of the new report. 
It also ignores the actual value of the 
CERN contract itself. 

CERN agreed with the companies 
investigated that they would not be named, 
but the report includes some examples of 
the added value, or ‘‘economic utility” as 
CERN describes it, of CERN contracts, 
such as the shipyard that contracted for 
some of the heavy steel work required for 
the big collision detectors on the CERN 
proton-antiproton collider. The yard 
increased the precision of its manufactur- 
ing and was able to contract successfully 
for work on North Sea oil rigs, say 
Blackburne, and it was also able to avoid 
laying off some of its workers during a 
slack period at the yard. But the net benefit 
to the company was considered unquanti- 
fiable, and so not counted in the report. 

Analysed by sector of industry, electron- 
ics, optics and computing gained most 
utility from CERN. Over 1973-82, 57 com- 
panies interviewed gained six times the 
value of their CERN contracts in new con- 
tracts outside CERN. Sixteen steel and 
welding companies gained more than five 


times, and 22 vacuum, cryogenics and’ 
superconductivity suppliers three times. 

Electrical equipment and precision. 
mechanics manufacturers doubled the 
value of their contracts, the report claims. 

One company, not named but probably. 
the Norwegian computer company Norsk- 
Data, considered its prospects transformed 
by a large contract to supply the control. 
system for the Super Proton Synchrotron, 
Another company, employing 50 people, 
was created just to supply CERN with 
flanges and clamps for connecting vacuum 
pipes; it developed a ‘‘highly suitable: 
alloy”, flexible and radiation-resistant, and» 
from being wholly dependent on CERN: 
now exports 70 per cent of its production... 

In general, many companies have used. 
CERN to help them cover the costs of: 
development of a risky new product; or 
in one case, where a company was manu- 
facturing racks for electronics, CERN 
requirements provided an ever-improving 
standard that enabled the company to beat: 
the competition in more mundane settings 
such as telecommunications and signalling. 

But, says Blackburne, there was no single: 
glamorous breakthrough attributable to 
CERN contracts: rather an accumulation” 
of expertise. (And in one case, the report 
admits, the value was negative, where the 
exacting CERN specifications caused a 
company to restructure towards providing © 
quality levels that other customers did not 
require.) 

The previous pioneering CERN report 
on economic utility was criticized for lack 
of rigour, ‘‘but this time we have been 
extremely strict with our sampling 
process”, says Blackburne. The chief. 
conclusion of the report is that one Swiss 
Franc spent by CERN on high technology 
between 1972 and 1983 generated or will 
generate three Swiss Francs of ‘‘economic :: 
utility” in 1972-87. The overall cost of the 
organization in 1972-83 was SF 6,945 
million (around £2,300 million), and the 
estimated economic utility SF 4,800 
(around £1,600 million), or 60 per cent of 
costs. Robert Walgate 


*Economic utility arising from CERN contracts (second study}, 


CERN yellow report 84-14. 











































































Paris museum 


= north-west Paris, now under conversion 
into a permanent spectacle of science and 
_ technology at a cost to the French state of 
~ some FF 4,500 million (£450 million), is to 
be launched in the next few days as an in- 
., dependent ‘‘commercial and industrial” 
< organization. 

“Launched” is the word, for the Cité des 
Sciences et de Il’Industrie at la Villette is 
surrounded by a great moat, which led to 
headaches over the access of emergency 
services solved only by driving a road 
across two bridges and right down the spine 
of the building. But this was a minor 
¿problem for the originator and present 
director of the Cité, physicist Maurice 
Levy, who was brought back to get the 
-> project under way again after the previous 
director was beaten by conflicts between 
` the scientific planners of the Cité and the 
architects. 

Now Levy says the Cité will open in 
„March 1986, and he welcomes its new in- 
dependence which ‘‘will give us much more 
freedom to deal with partners in industry 
and the banks”. Under fire from all 
v quarters for the cost of the grandiose 
. project, Levy has enough money in this 
year’s budget to complete the building and 
- equip three-quarters of it (leaving room for 
expansion). But there may be some concern 
over projected ultimate running costs of FF 
© 500-600 million (£50-60 million) annually. 
Levy estimates that 30 per cent will be 
© covered by receipts from 5 million visitors 
a year, but the rest must be covered by the 
¿state — or by industry, which might thus 
gain too strong an influence over the policy 
of the Cité. And there is a general election 
next year, in which the government seems 
“likely to shift to the right. 

Levy insists, however, that the approach 
to science and technology at the Cité will 
< be “‘critical’’. But criticism will be ‘‘neutral, 
discussing the pros and cons; science and 
technology are no longer taken for 
granted”. So the Cité is to emphasize the 
socioeconomic consequences and context 
..of discovery and technology, Levy claims, 
“but he admits that there is little of this to 
be seen in a vignette of the coming exhibi- 
tion now on show on site in the small hall 
Janus IT, recently visited by President 
Mitterrand. 

Other features that will distinguish the 
Cité from most science and technology 
museums around the world are: 

@ that it will deal essentially with the 
present and future, and not with the past; 
@ that it will aim to serve the whole public, 
and not a specialized community; 

Ə and that it will make use of ‘‘the 
“enormous revolution in computing and 
audiovisual communications technology” 
ince the construction of similar museums 
(such as the Air and Space Museum in 
Washington). 


Discovery for the peopl 


A GIANT abattoir on a 135-acre site in | 
` part of a park including a “Great Hall’ for 


Levy’s vision for the Cité, which will be 


exhibitions (built around a vast 19th- 
century cast-iron cattle-shed) and the Paris 
Conservatoire de la Musique (which is 
moving to the site), is that it should 
‘*modernize the minds of the people’’. The 
material in the Cité will not be presented 
by discipline (as at the existing Paris Palais 
de la Découverte, which Levy sees as more 
for science specialists than the Cité), but 
according to people’s real-life experiences. 

The Cité should ‘‘make people much 
more aware of the changes that are taking 
place, of industrial restructuring, preparing 
people for the next industrial phase’’, says 
Levy of his brainchild. 

Considering the costs and implications 
of this restructuring, the investment in the 
Cité, is small, Levy believes. The site is 


seripheral to Pa Centre 
Pompidou, a similarly expensive and con- 
troversial arts centre designed by British 
architect Richard Rogers, which now 
attracts eight million visitors a year and is 
no longer controversial) but ‘‘people are 
willing to move all over Paris now for 
cultural events” and underground railway 
and road links are good. Levy hopes that 
by the end of 1986, after nine months open 
to visitors and probably facing a new 
government, the Cité will be able to demon- 
strate as much success as the Centre 
Pompidou, 

But so much for Paris. For the rest of 
France, the Cité will host 40 classrooms 
continuously for provincial schools to visit 
for two weeks at a time (“like they do for 
skiing trips’’); Levy is also arranging exhi- 
bitions and a variety of events with bodies 
outside the capital. “We shall be a 
resource” for the whole of France, says 
Levy. Sooner or later, everbody comes to 
Paris. Robert Walgate 





French universities 


Appointments in doldrums 


THE bigger French universities are facing 
a major problem over an increase in 
teaching duties imposed upon them last 
year — because they cannot find the 
students to fill the hours they should teach. 
The result is that ‘‘it is impossible to ask 
for new posts’’, says one geophysicist af- 
fected by the problem at the University of 
Paris VI. 

But according to the Ministry of Educa- 
tion, which is in the midst of a thorough 
reform of the higher education system in 
France, the problem varies greatly from 
university to university, and from discipline 
to discipline. 

Also, as universities such as Paris VI 
reorganize their entry year (the premier 
cycle) and provide more ‘“‘orientation’’ 
teaching for the incoming students (many 
of whom leave after the first year), their 
teaching load will be taken up and they will 
be free again to request new posts; or so 
the ministry officials hope. 

More teaching, however, means less time 
for research, unless the universities 
‘modulate?’ their teaching load by 
distinguishing, effectively, between 
teaching and research careers in their 
departments, shifting more teaching to one 
professor than another. Under last year’s 
new regulations the universities are free to 
do this, but, says ministry research direc- 
tor for the universities, M. Bernard 
Descompes, ‘‘I must confess I know no 
university where the distinction is 
important’’. 

By discipline, the number of free posts 
varies greatly because the number of 
students entering those disciplines varies 
greatly, and because of government policies 
of expansion in technology-related areas. 
In computer science, electronics and all the 
engineering disciplines, “we need many 


more teachers” says Descompes. 

On the one hand, in certain areas, the 
number of new posts offered is so large that 
“it is impossible to be sure that in all cases 
we are appointing people of quality’’. 
Descompes puts the threshold at 5-6 per 
cent a year of the total number of staff in 
a discipline. So in computer science, for ex- 
ample, where French universities are ex- 
panding at 10 per cent a year, ‘‘we are in 
danger’’, says Descompes. Electronics and 
management sciences also come above five 
per cent. 

On the other hand, in the fundamental 
disciplines, in particular chemistry, physics 
and ‘‘of course” in literary disciplines, the 
number of appointments throughout 
France has fallen to just one per cent. There 
is a ‘‘great danger for the future of those 
disciplines”. 

Molecular biology has benefited a little 
from the connection with biotechnology, 
and is showing 2 per cent growth in posts, 
says Descompes. But French biology has 
been was dominated for a long time by 
traditional disciplines and molecular 
biology was late to take a grip so the need 
for expansion in this field is particularly 
great. In traditional biology, expansion is 
only 1 per cent. But there is not the great 
dichotomy in biology that there is in the 
physical sciences between electronics and 
basic physics. 

Nevertheless, the net recruitment in 
French universities is now 3 per cent a year, 
compared with only 1 per cent in 1981, so 
there has been some progress, “But the 
situation is still critical in more than half 
the disciplines”, Descompes warns. And in 
the parlous French economic situation a 
major increase in appointments does not 
seem to be on the cards. 

Robert Walgate 









Los Angeles 

A CASE of possible computer chicanery is 
under investigation at the University of 
Southern California (USC) in Los Angeles. 

According to university officials, at least 
30 students may have paid thousands of 
dollars to have their grades changed on 
transcripts stored in the campus computer 
system. The higher grades may have en- 
abled some students to gain admission to 
law school, medical school and graduate 
school. In some instances, the grade 
changes meant students could have gradu- 
ated without repeating failed courses. 

Now there is another allegation from 
United States drug enforcement officers 
that entirely bogus USC degrees have been 
sold for up to $25,000 each. 

The university is investigating both 
charges, according to vice-provost Sylvia 
Manning. ‘‘We take this enormously seri- 
ously. We have been embezzled, not for 
money but for grades and perhaps for 
degrees’’, she said. ‘“The degree stands for 
the knowledge and skill that the university 
is offering its students.” 

Two investigations are under way simul- 
taneously. The most recent stems from the 
arrest last September of a former USC 
student, Merhdad Amini, who arrived in 
Louisville, Kentucky, with two kilograms 
of cocaine in his luggage. Mr Amini, a 
27-year old Iranian citizen, is under 
indictment in Louisville for possessing and 
intending to distribute the drug. He told a 
Los Angeles Times reporter that he was 
“set up” by someone who claimed to be 
his friend. 

Drug enforcement officials in Louisville 
said they learned during the course of the 
drug investigation that phony USC degrees 
were being sold. 

University officials are now painstak- 
ingly comparing transcripts kept in the 
central computer with duplicate transcripts 
filed in the various university departments; 
any discrepancies should eventually be 
found. 

If evidence of tampering is found, the 
information will be turned over to the Los 
Angeles county district attorney’s office, 
which is looking into the question of bogus 
degrees. 

A second investigation charging that 
students have bought higher grades has 
been under way since last October. Thirty 
students, whose records were changed ‘‘in 
an unauthorized manner’’, are due to 
appear before a university conduct review 
board later this month. Penalties for those 
found guilty could range from a reprimand 
to expulsion from the university or criminal 
charges of ‘‘malicious access to a 
computer” 

USC sources who asked for anonymity 
said the university’s probe is focused on a 
group of foreign students suspected of 
selling both the grades and the fake 





Machine-made grades fraud? 


degrees. The group reportedly paid 
employees in the university’s records and 
registration office for computer passwords. 
A gang member would then alter the grades 
on a transcript or alter a completed trans- 
cript by electronically erasing the name of 
the legitimate student and entering the 
name of a customer who paid for a bogus 
degree. In some instances, the sources said, 
university employees may have done the 
tampering in exchange for cocaine or 
money. The investigation has not so far 
named any suspects. Sandra Blakeslee 





Research councils 


Sterling worries 


LAST year’s Christmas bonus to the British 
research councils seems to have disap- 
peared before the ink on the cheques has 
dried, partly because of the decline of the 
value of sterling on the international ex- 
changes. Three years from now, according 
to estimates now current, the Science and 
Engineering Research Council (SERC) will 
have to find an extra £8 million to help pay 
for its overseas subscriptions to organiza- 
tions such as the European Organization 
for Nuclear Research (CERN) in Geneva 
as well as for its own installations overseas, 
notably the telescopes on Hawaii and La 
Palma. This will almost exactly cancel out 
the extra funds won last December. 

The history of research council wrang- 
ling with the British government over the 
cost of overseas activities is now rich and 
lengthening. Three years ago, an unwonted 
increase in the value of sterling against 
other currencies allowed SERC to 
distribute the windfall as an extra capital 
grant, to the chagrin of the Treasury. 

Two years ago, with sterling fallen 
somewhat, the Treasury agreed that there 
should be a special investigation of the 
research councils’ extra need for cash. The 
outcome was a settlement that partially 
compensated the research council for that 
year’s sterling fall. 

The fall of sterling in the past six months, 
which has been more dramatic, has created 
a novel set of circumstances. At its meeting 
last week, the Advisory Board for the 
Research Councils agreed to draw the 
government’s attention to the problem. In 
the current year, SERC is having to find 
£2.4 million out of its budget to pay for the 
extra costs not covered by the earlier review 
as well as the larger sum occasioned by the 
fall of sterling. 

Other research councils are not nearly as 
much affected by currency fluctuations, 
but have discovered special problems of 
their own. Thus the Agricultural and Food 
Research Council is now worrying about 
the threat that research commissions will 
tail off during the course of the next three 
years. g 











Hungarian computers 
East Europe’s 
freewheeling 


COMPUTER skills are becoming important 
in adult education in Hungary. Last month 
alone, the Society for the Dissemination of 
Scientific Knowledge (TIT) launched: 15 
new programming courses just in Budapest, 
and Hungarian television began a 16-part 
course in BASIC, with an _ optional 
examination and diploma for succes: Fe 
students at the end, and video-cassettes fi 
those unable to watch regularly. Yet only 
three years ago, the Central Statistical 
Office estimated that there were altogether 
just 2,664 computers operating in Hungary, ~ 
of which only 919 were of a higher 
capacity. Now, according to the official 
news agency MTI, there are between 50,000 
and 100,000 personal computers, mostly in | 
private hands and some 200 micro- 
computer clubs. Approximately a million ; 
people (a tenth of the population) have by = 
now encountered computer skills. 

This enthusiasm for personal computers ` 
is partly a result of government policy,- 
which has been urging computerization of > 
the economy for some 10 years. The cost 
of mainframe hardware and operation was, . 
however, prohibitive (a computer-hour on 
a mainframe cost as much as two months’ 
salary for a skilled administrator). The 
arrival of the ‘‘personal’’ computer (of 
both Western and socialist provenance) vir- 
tually coincided with a new policy of de- 
centralization in all branches of. the 
economy, so that enterprise and farm - 
managers found themselves faced with - 
decision-making of precisely the type where 
a small computer proved invaluable. The 
ever increasing small-business private sector 
likewise found that a computer was, if not 
a necessity, a potent status symbol. 

The Ministry of Education and Culture 
quickly responded to the new challenge. By 
September 1983, all secondary schools (in 
theory) had their own computer and com- 
puting skills became a compulsory part of 
the syllabus. (Vacation courses had to be 
hastily arranged for the teachers assigned 
to the new duty, who seem frequently to 
have been outstripped by their pupils.) 
Expanding the role of computers in higher 
education is a constant theme at confer- 
ences of educationalists. 

The Hungarians, however, are not con- 
tent with using computers only for work. 
Computer games are one of the most 
desirable souvenirs that returning tourists 
can take home from thè West. This, 
indeed, is true in many socialist countries 
where youth leaders frequently draw 
attention to the ideological hazards of space 
invaders and star wars software. The 
Hungarian authorities, however, prefer to 
treat the games as a social vice comparable 
with tobacco or alcohol, imposing a 
swingeing 60 per cent duty on all such 
imports. Vera Rich 





Poland 





THE Polish Higher Education Act of 1982, 
which embodies a watered down version of 
` the reforms of the Solidarity period, is now 
“up for revision. Last month, a ‘‘public 
debate’’ was launched on proposed amend- 
ments to the act. Discussion is somewhat 
“hampered, however, because no pro- 
visional draft of the proposed changes has 
| been officially published. But reports in the 
underground press claim that the Ministry 
of Science, Higher Education and Tech- 
- nology wishes to deprive the universities of 
: virtually all the autonomy won in 1980-81 
and embodied in the 1982 act. 
© The minister himself, Dr Benon 
< Miskiewicz, in an interview with the official 
` Polish news agency PAP at the beginning 
of the present academic year, made barely- 
veiled threats that the law would be revised 
if the self-government bodies in higher 
`- education continued to exercise their 
autonomy. Within a few weeks, an alleged 
‘draft of the proposed changes began to 
“ circulate in academic circles, claiming to be 
a “confidential” document leaked to Soli- 
darity by a source within the Ministry of 
Science, Higher Education and Tech- 
nology. Miskiewicz repudiated the docu- 
ment, claiming that it was simply a 
“‘provocation’’ engineered by ‘‘anti- 
. socialist forces’’. Nevertheless, in a meeting 
with the Main Council for Higher 
Education, he outlined a scheme of 
` tentative changes which one participant in 
the meeting described as ‘‘the same only 
. less detailed” than the underground draft. 
According to the draft, the proposed 
changes include: 
@ Replacement of the open elections for 
university rectors by a choice between two 
candidates nominated by the minister; the 
successful candidate would then nominate 
the various deans who are also, at present, 
~ elected. 
@ Depriving the university senates and 
` faculty councils (‘‘collegial bodies’’) of 
various rights which would then be vested 
in the selected nominees. 
@ Removing from the collegial bodies the 
representatives of students, junior 
academic staff and auxiliary staff (such as 
librarians), leaving only senior academics 
and party and military representatives. 
@ Empowering the minister to suspend or 
disband any collegial body, and to dismiss 
¿university staff and expel students, if he 
deems their activities ‘‘contrary to the 
© interests of society’’. 
@ Reorganizing the students’ self- 
government bodies, described as an 
© obstacle to ‘‘comprehensive socialist 
development’’ on the basis of the party- 
linked youth organizations, thereby 
bringing all matters of student welfare and 
- social activity under party control. 

Not surprisingly, former Solidarity 
activists in the universities and members of 
the pro-Solidarity Independent Students’ 





Higher Education law revised 


Association (NZS) are opposed to the 
changes. Equally inevitably, the student 
“self-government committees’? want to put 
up a fight, although the 1982 act forbids 
any formal links between the self- 
government committees of different 
universities and colleges, giving the minister 
an additional weapon against them. 
More significant is the opposition shown 
by the Main Council for Higher Education. 
This is also an innovation of the Solidarity 
period, and consists of one representative 
of every higher education institution in 
Poland (except the Catholic University of 
Lublin). Many of the delegates to the Main 
Council are, however, Party members, 
elected because the universities feel that 
they might prove effective in putting over 
the university viewpoint to state and Party 
authorities without unnecessary hassle. The 
principal objection of the Main Council is 
that, even if the changes are necessary, they 
are premature. The existing law, it says, 
should be allowed to run for at least 


her thre years, until y of th 


term of office of the rectors elected under 


the law. Chopping and changing so quickly 

can only destabilize the universities. 
Individual academics have spoken out 
strongly in favour of academic autonomy 
and the present structure of student ‘‘self— 
government committees’’; they include Dr 
Jozef Gierowski, of the Jagiellonian 
University of Krakow and Dr Grzegorz 
Bialkowski of Warsaw who was elected in 
November in place of Dr Klemens 
Szaniawski, whose election in May was 
vetoed by Minister Miskiewicz. Some of 
their statements and press interviews were 
made before the official launching of the 
debate and make no direct reference to 
changing the act. Nevertheless, their tacit 
opposition to the proposals is clear. So far, 
the only group reported to have come out 
in favour of the change is a ‘‘young scien- 
tist” conference held earlier this month 
under the auspices of the official ‘‘ Associa- 
tion of Polish Students’’. Even they, 
however, urged the active participation in 
academic decision-making by students, 

junior lecturers and auxiliary staff. 
Vera Rich 





Research animals 


Tiger salamanders perpetuated 


Washington 

AN ad hoc international campaign by 
retinal physiologists seems to have secured 
at least a temporary reprieve for the world’s 
only source of captive-bred tiger salaman- 
ders. Retinal cells from the tiger salaman- 
der, Ambystoma tigrinum, are widely used 
in vision research, and have the potential 
to become ‘‘a classic preparation’’, in the 
words of one researcher. The problem is 
that only one man, 71-year-old Carl 
Lowrance, knows how to rear in quantity 
the giant specimens (up to 12 inches long) 
preferred by physiologists, and his breeding 
ponds have suffered heavy pollution by 
sewage and animal slaughter effluent from 
a local meat-packing plant. 

Lowrance is an energetic self-taught 
natural biologist in the nineteenth century 
tradition living in Tulsa, Oklahoma. Since 
inventing the sonar fish locator earlier in 
his career, he has spent the past 15 years 
perfecting techniques for culturing sala- 
manders, primarily for use as fish bait. 
Lowrance says 30 variables must be con- 
trolled to rear the animals successfully, 
from pH and oxygen content of the water 
to presence of predators. He had been 
producing half a million salamanders a year 
before the pollution killed 250,000 animals 
and made his ponds largely unusable. But 
Lowrance is unwilling now to go into debt 
to finance a business expansion, and has 
had difficulty finding a farmer willing to 
pay a consulting fee to learn his techniques. 
“They just copy what they see’’, he says. 
“They don’t really study and so they don’t 
understand.” 

Retinal physiologists were alerted to the 





threat hanging over their favourite research 
animal by Dr Ed Pugh of the University of 
Pennsylvania. Besides the remarkable size 
of Lowrance’s specimens, their value is that 
they come from a relatively homogeneous 
breeding population and have known 
histories. The retinal cells are large (see 
p.529), and, unlike those of other species, 
can be maintained in culture. Several 
Papers based on the tiger salamander 
preparation are published in this issue of 
Nature (pp. 582 and $85). 

Eric Schwarz of the University of 
Chicago has written that research on photo- 
transduction is ‘‘critically dependent” on 
supplies of tiger salamanders. Armed with 
this and other letters of support from pro- 
minent physiologists throughout the world, 
Pugh has persuaded the National Science 
Foundation and the National Institutes of 
Health to provide $26,000 and $21,000 re- 
spectively to set up temporary breeding 
ponds over the next couple of years or so. 
The tiger salamander is an endangered 
species in some states. 

Lowrance is now helping to transfer sala- 
manders to the new ponds and is grateful 
for the scientists’ conservation efforts: he 
takes an active interest in the research 
supported by his animals. He is now 
negotiating with several fish breeders who 
seem interested in learning his methods, 
and may soon be teaching them. In the 
longer term, there are some hopes. among 
researchers of setting up a foundation to 
preserve salamanders — but plans are still 
a long way off, and it is by no means 
certain that Carl Lowrance’s skills will be 
preserved. Tim Beardsley 











K envir ent research 





THE prospectus of the Natural Environ- 
ment Research Council (NERC), the 
smallest of the publicly supported British 
research councils, is more a recipe for 
internal reorganization than an account of 
what research the council hopes to spon- 
sor in the years ahead. The prospectus, 
trendily called the research council’s ‘‘cor- 
porate plan’’, to be published today (14 
February) does not depart significantly 
from the brief account that appeared earlier 
in the year (see Nature 10 January, p.91). 

The first drafts of the corporate plan 
were circulated to the NERC council nearly 
a year ago, since when the underlying 
principles have been reaffirmed at several 
discussions. Most recently, the report was 
approved with minor amendments at the 
council meeting at the end of January. 
Discussions. with unions representing 
scientific employees of NERC have, 
however, only recently begun. 

The starting point for the council’s re- 
appraisal of its future is a gloomy forecast 
of its annual budget for the years ahead. 
In the present year, the council has a total 
income of £91.5 million, of which £65 
million comes out of the British govern- 
ment’s science budget and the remainder 
from separate government departments in 
return for commissioned research. NERC 
now estimates that its share of the science 
budget will decline by 3 per cent a year for 
the next decade, and that the value of its 
research commissions will decline by 10 per 
cent a year for each of the next two years, 
but will thereafter be stabilized (in real 
terms), largely because NERC plans to pay 
more attention to the marketing of its 
services. The result will be, the plan sug- 
gests, that total income five years from now 
will have fallen to £78.5 million (at present 
values). 

Cuts 

Within this framework, the plan says, 
NERC intends to spend a greater 
proportion of its income (21.5 per cent by 
1989 rather than the current 12.5 per cent) 
on the support of university research and 
to create more flexibility within its general 
pattern of operations. This leads to the con- 
clusion that there must be a reduction of 
the numbers of people directly employed 
on administration and research (3,130 on 
1 October last) to 2,230 in the financial year 
1989-90. The plan says that these reduc- 
tions will be accomplished by ‘‘enhancing”’ 
present arrangements for voluntary retire- 
ment, by enforcing the retirement age of 
60 and by increasing the proportions of 
staff employed on short-term contracts. 

The plans says that a ‘‘key’’ element in 
NERC’s manpower policy in future will be 
the recruitment of all new members of staff 
on 3-5 year contracts, which will provide 
“a more adequate probationary period’’, 
give the council better control of the pro- 
portions of scientists trained in different 





Council to contract on centre 









disciplines and (with luck) assist in the 
interchange of people between universities 
and council establishments. 

Capital expenditure is also under press- 
ure. Present commitments and plans would 
have the council spending a little more than 
at present (£11.2 million in the present year) 
on capital equipment in each of the three 
years ahead, nearly a third of that on behalf 
of the development of the British Antarctic 
Survey (whose budget within NERC has 
been protected since the Falklands War). 
NERC’s plan now says that the council is 
being squeezed by the need for expensive 
equipment in fields such as image 
processing, which is ‘‘critical to the 
development of the environmental 
sciences’’, and that doubts have now arisen 
about the council’s capacity to complete the 
second phase of development of the site to 
which the British Geological Survey has 
been decanted (at Keyworth in Nottingham- 
shire) as well as to ‘replace ageing research 
vessels”. All plans for capital spending, the 
plan says, are to be reviewed. 
Restructuring 
The most contentious part of the plan is 
that concerned with the management of 
NERC’s affairs, which is to be centralized. 
The plan’s proposals redefine the areas of 
responsibility of the council’s present com- 
mittees without substantially reducing their 
number. The chief innovation will be the 
appointment of three senior scientists to 
NERC’s headquarters as ‘‘directors of 
science’, with responsibility for Earth 
sciences, terrestrial (including freshwater) 
sciences and marine sciences respectively. 
The intention is that the holders of these 
posts should be chairmen of committees 
concerned with the scientific direction of 
council laboratories as well as with the 
oversight of recommendations on the sup- 
port of university research (including 
awards for graduate students) put forward 
by the University Affairs Committee (to be 
renamed ‘‘committee E’’) and its network 
of subcommittees (which are to be re- 
organized). 

The new committees will include fewer 
members of NERC as such (four rather 
than five), fewer outside advisers but more 
senior NERC employees, who will be nomi- 
nated by the new directors of science. The 
plan does not suggest the terms on which 
these directors will be employed (short-term 
or permanently). 

NERC’s prospectus suggests that the 
post of secretary of NERC will become 
more important in the future. On the 
management of the enterprise, the plan des- 
cribes the future ‘‘chain of senior 
command”’ from the chairman through the 
secretary to the directors of science and 
‘thence to the directors of NERC 
institutes, units and/or programmes’’. The 
directors of council institutes are to report 
‘‘on all management matters”? to the 











lirectors of science, who will be responsible 
for ‘‘proper coordination” with colleagues, 
the “management” of commissioned re- 
search at NERC institutes and of 
“‘solicited’’ research at universities and 
polytechnics, as well as the ‘‘oversight and 
integration” of research support in res- 
ponse to grant applications from academic 
institutions. The British Antarctic Survey 
will be excepted from these arrangements, 
and will report directly to the secretary of 
NERC. : 

The objective of these changes, 
according to NERC’s plan, is to reduce the 
“heavy burden” on council members, to 
devolve financial responsibility and to inte- 
grate senior NERC management into the 
decision-making process. One novel feature 
of the system proposed is that institute 
directors who become members of one of 
the three main committees will, by the prin- 
ciples of collective responsibility, thereafter. 
be committed to the decisions arrived at 
or at least will be less able to work against 
them. ‘ 
Research 
Two important issues are not settled by the: 
plan; the degrees to which future income. 
from commissioned research is vulnerable 
or, alternatively, can be made to grow. The 
new directors of science are intended to. 
function in part as salesmen for NERC’s 
research services, The report notes that the 
decline of the percentage of commissioned. 
research is part of the cause of its present 
troubles, but says that it would not wish 
the proportion to exceed a half for fear of- 
unbalancing the research programme asa 
whole. The plan suggests that growth in 
commissioned research is more likely to 
come from industry and local authorities 
than from central government 
departments. There is no explicit statement 
on the future of the British Geological 
Survey, NERC’s chief earner of 
commissioned research income. 

The plan also says that the council 
intends to review and if necessary to change 
the charter under which it operates at 
present, partly with a view to shedding 
‘peripheral activities”. Quite what the ` 
council has in mind is not spelled out, al- 
though there are some council institutes 
and research units that could be transferred 
to other bodies. 

NERC’s case for increasing support for 
academic research is qualitative rather than 
quantitative. The plan lists research oppor- 
tunities that have arisen in recent years, 
laments that past attempts to economize by 
reducing manpower have been frustrated 
by the increased cost of equipment and 
notes that the council has a responsibility 
for ensuring an adequate supply of 
manpower in fields such as meteorology 
where its own research is insubstantial. 

The plan emphasizes that the increased 
proportion of the total budget (21.5 per 
cent five years from now) to be spent on 
academic research will be net of research 
support by means of scientific services 
centrally provided. 























































































Testing 
for AIDS 


‘Sır — I would like to clarify several state- 
ments in your news article on anti-HTLV- 
HHI testing of blood donors (Nature 13 
December, p.583). I am director of the 
American Red Cross Blood Services, 
Northeast Region, which encompasses only 
Massachusetts and Maine, not “‘the north- 
eastern United States’? as your article 
“indicates. 
© Neither this nor other regional blood 
- services are being rushed by Secretary of 
‘Health and Human Services Margaret 
Heckler. It has been said, and it is possible, 
< that there is pressure from high levels of 
government to expedite the availability 
of a test for AIDS (acquired immune 
“deficiency syndrome) infectivity. Licensing 
“must come before availability, and this 
‘decision lies with the the Food and Drug 
Administration (FDA), as you correctly 
< pointed out. Any ‘‘rushing’’ would thus be 
--intragovernmental, or between the govern- 
ment and test-kit manufacturer. Regional 
“blood services will implement licensed 
testing if mandated by FDA. It is my hope, 
however, that licensing or mandating will 
not occur until regional blood centres are 
in a position to implement the test with 
_ reasonable assurance that the number of 
: false positive test results will be minimal, 
: and there is a clear understanding of the 
> significance of anti- HTLV-II test positi- 
vity. To my knowledge neither issue has yet 
been resolved. What we really need is a reli- 
able, quick, simple, inexpensive test for 
AIDS infectivity (not just presumptive 
“evidence of previous exposure to HTLV- 
JH). The safety of blood transfusion thus 
could be significantly improved. 
The tests being developed have the 
< potential for causing undue concern for a 
number of healthy donors while not 
removing from the blood supply all the 
“units that are potentially infective for 
AIDS. Indeed, data have recently been 
“presented at the American Society of 
Hematology meetings that indicate that 
apparently healthy persons can carry 
HTLV-HUI virus for significant periods 
without developing the antibody. 
PETER L. PAGE 
«American Red Cross Blood Services, 
+ Northeast Region, 

Needham, Massachusetts 02194, USA 





+ + Ld 
Thinking machines 
© Str — Further to your recent leading 
article on the Reith Lectures (Nature 29 
November, p.397), many people, 
particularly those working in artificial in- 
telligence (AI), argue that a conscious/ 
intelligent machine could in principle be 
constructed on more or less present day 
lines; that is, it would be a Turing-like 
machine, with, in Professor John Searle’s 
phrase, a “formal program’’. 


et us imagine such a mac 28 


the program is formal, it can be printed 


out, in some approximation to normal 
language, on paper. Now it is the essence 
of programming that anything the machine 
can do can in principle be understood in 
terms of the printed program. Any out- 
put(s) generated by the machine in response 
to any input(s) are implicit in the program, 
in the marks on the paper. But the Turing 
argument was basically that if the input- 
output exchange looks conscious/intel- 
ligent, then the machine (and therefore the 
program) must be regarded as conscious/ 
intelligent. This means that whatever con- 
sciousness/intelligence resides in the 
machine must also reside in these marks. 
But surely not even the most dedicated Al 
enthusiast would assert this. 

While this argument is perhaps not 
rigorous, it does seem to me to support 
Professor Searle’s thesis that a formally 
programmed machine cannot be conscious/ 
intelligent. 

J. F. CRAWFORD 
Affander 967, 
CH-5303 Wuerenlingen, 
Switzerland 


Numerology 


Sir — In July 1983 (Nature 304, 11; 1983) 
I presented a series of numerological results 
concerning the masses of elementary par- 
ticles. My article was accompanied by a 
sceptical commentary, in which you gave 
the view that the results are likely to be no 
more than coincidence and are in any case 
a ‘fruitless pursuit’’. Whether or not it is 
a fruitless pursuit is, in my view, still very 
much open to debate, although I doubt 
whether any such debate would reveal any- 
thing other than a wide variety of subjective 
opinion on the matter. But the real issue 
is, or should be, whether or not the results 
can be dismissed as no more than 
coincidence. As such, the crucial factor is 
the statistical evidence. 

Among the results in my article were two 
relating to the combined mass of the 
particles in the basic meson octet, and the 
basic baryon octet, relative to the proton 
mass. The combined mass of the particles 
nê, n+, n~, K+, K~, K®, K®, and n, of the 
basic meson octet, is 3.13935 times the 
proton mass. The multiplier here is close 
to n, or 3.1415926. Such a close relation- 
ship clearly has a specific chance of having 
arisen. 3.13935 is n to the power of 0.999376, 
and a little elementary mathematics shows 
that only one random rational number in 
801.2 will have such accuracy relative to 
any integral power of n. 

The combined mass of the particles ọ, n, 
A,2*,5°,2~,2°, andz~, of the basic 
baryon octet, is 9.8146 times the proton 
mass. The multiplier here is close to nê, or 
9.869604. Once again, the relationship had 
a specific chance of occurring. 9.8146 is n 
to the power of 1.995118, so only one 
randam rational number in 102.4 will have 
such accuracy relative to any integral power 
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to one against any pair of random rational 


numbers occurring with an overall 
accuracy, relative to integral powers of n, 
similar to that of the above two results. 

Given the simple nature of the results, 
it seems clear that coincidence is unlikely 
(though not impossible). Here we have a 
phenomenon that deserves serious scientific 
attention, and not a casual dismissal in 
terms of coincidence. Furthermore, in view 
of the absence of any full physical theory 
of particle mass, there ought to be greater 
attention given to those observations that 
might provide useful clues pointing in the 
right direction. Can science really afford 
to ignore such results? 

PETER STANBURY 

Flat 2, 
3 Ferndale, 
Tunbridge Wells, Kent TN2 3RL, UK 


Back to Kekulé 


Sır — In his Commentary on the philo- 
sophy of science, George Gale ! mentioned 
that the dialogue between physicists and 
philosophers of science had recently been 
augmented by computer scientists and 
theoretical biologists. 

Even more recently, some practitioners 
of chemistry have also joined in the dia- 
logue: philosophical aspects of surface 
chemistry 2, physical organic chemistry 3, 
bio-organic chemistry +5 and quantum 
chemistry ® have been discussed in the 
literature. 

Kekulé’ published some thoughts in 
1878, and that address is still worth reading 
today. 





F.M. AKEROYD 
Bradford and likley 
Community College, 
Great Horton Road, 
Bradford, West Yorkshire, BD7 IAY, 
UK 
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Human embryos 
Sir — I support the views expressed by 
John R. Ling (Nature 24 January, p.262). 
As a biologist, I can see no justification for 
an arbitrary age below which experimenta- 
tion on human embryos is legitimate, while 
above this level it is not. Surely the zygote 
becomes a potential human being from the 
moment of fertilization and, if so, it is from 
that moment entitled to as much respect 
for, and protection of, its life as is accorded 
by most societies to a child or adult. In this 
respect, I agree strongly with the minority 
of the Warnock committee, and it will be 
interesting to learn the views of biologists 
and others among the readership of Nature. 
J.R. BAKER 
4 Belvoir Road, 
Cambridge CB4 1J], UK 








US views of British university research 


from Alan R. Katritzky 


A university researcher with long experience of British universities, but now working in the United 


States, reflects on the differences between the two systems and advocates modest reforms. 


IN 1962 I was appointed as the founder 
dean of the School of Chemical Sciences 
of the then emerging University of East 
Anglia at Norwich, in the United Kingdom. 
In September 1980, I left the University of 
East Anglia to take up an endowed chair 
in the Department of Chemistry at the 
University of Florida. Now, some four 
years later, it is perhaps appropriate to look 
back over my eighteen years at the Univer- 
sity of East Anglia and to describe some 
of the impressions gained during that 
period in the light of my more recent 
experience in the United States. 


Anglo-American differences 


There are some very important differences 
between British and American universities 
that have considerable relevance to the way 
in which scientific research is organized. 

In the United States, most of the money 
for research in science comes from outside 
the university directly to the principal in- 
vestigator and derives from approaches 
commenced at the initiative of that member 
of the staff to one of numerous government 
agencies, foundations, and industrial 
companies. By contrast, in the United 
Kingdom a larger portion of the financial 
support for research comes from the 
University Grants Committee (UGC), 
which is supposed to ensure that grant 
applications are made from ‘‘well-found 
laboratories” (a phrase coined by the old 
Science Research Council). The number of 
independent granting agencies is very much 
smaller, with the publicly-supported 
research councils predominant. 

Whereas there are, of course, differences 
in the reputation and status of different 
universities in all countries, the range is far 
greater in the United States than in Britain. 
Furthermore, a university’s position in the 
pecking order is far more mobile in the 
United States; both whole universities and 
individual departments can go up or down 
in reputation with considerable rapidity. 

It follows from these two considerations 
alone that when a university scientist in the 
United States is successful in attracting 
money and resources, it helps all his col- 
leagues without taking resources away from 
them. Accordingly, there is a very great 
motivation to attract good men and women 
into a department, to keep them, to encour- 
age them, to motivate them to continue to 
do well. In a British university, if one 
member of staff does very well, it can mean 
that in one sense he or she takes a large 
share of the departmental resources, which 














can be the source of resentment from other 
members of the department. 

In the United States, there is no such 
thing as an automatic salary increment or 
an age-for-wage scale. Every university 
decides pretty much independently what it 
is going to pay its various members of staff. 
Although a portion of the annual increment 
is designated as a cost of living supplement, 
much of it is discretionary. The manner in 
which these discretionary increments are 
awarded varies from university to univer- 
sity, but broadly reflects the achievement 
of individuals, For example, at the Univer- 
sity of Florida, every staff member is 
formally assessed by the departmental 





Katritzky — back in Florida. 


chairman each year, on the basis of how 
well he or she has done in the three areas 
of teaching, research, and administration, 
as determined by a report required from the 
staff member outlining his or her activities 
over the previous year. The final decision 
regarding the level of the salary increase is 
made by the dean after discussion with the 
department chairman. 

In the United States, most academic 
appointments are for nine months and 
salaries are paid only from September until 
the end of May. Few teaching positions are 
available during the three summer months, 
so that to get paid most faculty members 
are required to solicit and acquire outside 
support for their work from which they can 
‘pay themselves’ at a rate equal to their rate 
from the university during the other nine 
months. This system acts as a great 
incentive for members of staff to obtain 
funds from outside sources. 

The means of obtaining tenure in the 
United States is quite different to that 
applying in Britain. In the United States, 
tenure is by no means an easy prize. There 
is quite a rigid distinction between post- 
doctoral positions, which are positions in 
the group of a senior (usually tenured) staff 
member, and assistant professorships. On 





appointment as an assistant professor 
(which equates to the British lecturer), a. 


new faculty member must work completely 


independently, and publish independently, 


if he or she is to become tenured. Decision 





on tenure are usually made only at:the end 


of five years, during which an assistant 
professor must have shown substantial pro 
ductivity and an ability to make an in- 
dependent reputation. 


American weaknesses 





We can learn not only from the strengths: 


of the American system but from its weak- 
nesses, which do exist. 
The emphasis on the complete independ 





ence of each and every professor (equals: 


lecturer, reader and professor in the British 
idiom) means that there can be a tendency 
towards small and nonviable research 
groups. Even when tenure has been 
granted, there is an unwritten rule against 
over-close collaboration between staff 
members in a single department; for two 
staff members in the same department to 
run a joint research group is extremely rare 

One consequence is the lack of continuity 


within a research group. Graduate students 
doing research (as distinct from course: 


work) will rarely stay for more than four 
or five years and postdoctoral fellows for 
a maximum of about three years. The result 
is to place a considerable burden on each 
professor who must provide continuity as 
group leader, but also, of course, to ensure 
that he keeps up with the frontiers of 
knowledge. As soon as he drops behind, 
his group will tend to disintegrate. 
Another consequence of this emphasis 
on independence is a tendency for some 
departments to become a collection of 
small, almost isolated, and sometimes rival, 
mini-departments, with little cooperation 
in the use of resources. This may entail the 
duplication of much equipment and the in- 
efficient use of material and manpower. 
This consequence of independence is not 
inevitable; we avoid it at the Department 
of Chemistry at the University of Florida. 
But while the US system tends to give 
faculty members much more independence 
within their own departments and their own 
universities than in the United Kingdom, 
US researchers are correspondingly more 
beholden to their peers across the continent 
as a whole. In other words, the scientific 
community as a whole exerts much more 
pressure to conform. So there is a tendency 
to concentrate research into ‘fashionable 
areas’ so as to attract money and to work 


The University of East Anglia, Norwich 


in fields that will lead to lots of quick pub- 
lications, sometimes only to find out ‘more 
and more about less and less’. Research on 
a broad front is difficult to justify and is 
deprecated in many areas as being 
‘unoriginal’. 


American advantages 


Perhaps the overriding advantage of the 
US system is that American professors have 
both the motivation and the opportunity 
to do exceedingly well. They can look 
towards unlimited horizons, given the 
ability and the capacity to work hard 
enough. The acquisition of lots of sizeable 
research grants brings him personal gain 
(tangibly, in terms of summer salary), 
manpower and material resources, acclaim 
from his colleagues in his own university 
and from outside—and the opportunity to 
move to another university on better terms. 

Every encouragement is given to such a 
person to secure outside resources, obtain- 
able from a large number of different 
sources. The story of the British lecturer 
who, before a trip to the United States, was 
told by his department head, ‘‘Now, you 
be sure not to get more money; your group 
is big enough already’, would be quite un- 
thinkable in the United States. 

There is also no problem of dead wood 
in the American system. If an American 
professor stops publishing, no matter how 
great his previous accomplishments, he will 
be cut off from new research resources— 
dropped cold; certainly a cruel system, but 
an effective one. 


University politics 


The scientist interested in research has to 
give much more of his time to university 
politics in Britain than in the United States. 
My own worst memories (among, I should 
add, many very pleasant ones) of my time 
at the University of East Anglia are of 
university committee meetings. These 
included interminable arguments in a large 
committee about promotions of colleagues, 
particularly at the lecturer to senior lecturer 








borderline, when only a certain number of 
posts were open. In the university senate, 
a tiny minority of self-styled democrats 
could waste endless time. Worst of all, in 
my view, were the arguments over finance 
provoked by continuing crises—the need to 
call back funds from the operating units, 
to argue out in detail how these funds 
should be extracted from budgets to which 
they had already been allocated and, toa 
large degree, spent. 

In the United States, it appears to be 
possible much more effectively to shield the 
research oriented professor from calls on 
his time for innumerable committees. 


What can be done? 


It is tempting to recommend that the ‘age- 
for-wage’ salary scale for lecturers at 
British universities should be abolished, 
together with the system of fixed incre- 
ments and that there should be introduced 
a new system of merit increases. But there 
appears to be little chance of any such far- 
reaching reform in Britain. 

It is perhaps more feasible to suggest that 
the UGC should change its policy of giving 
block grants to universities which the 
universities are theoretically able to use as 
they wish. The myth of the independence 
of British universities from government 
control is a very shaky, while the present 
position leads in some ways to the worst 
possible situation. The UGC now gives 
guidelines which are held to fairly reli- 
giously but often only after considerable 
discussion in university senates. It would 


surely be possible to set up some method, 


for the rating of individual departments 
within universities and then of allocating 
more resources to the best departments and 
correspondingly less to those departments 
not doing well. This would provide a 
powerful incentive to do well and to con- 
tinue to improve. 

It should also be clearly laid down by 
each university Council that the ‘‘demo- 
cratic’’ assembly of scholars should decide 
on such questions as the teaching syllabus, 








examination marks and degree classifi- 
cations, and library acquisitions. It should 
equally be made clear that democracy does 
not extend to an equal say in the way that 
resources are allocated. These resources are 
provided from tax-payers’ money, and the 
final say in the way that they are allocated 
is by parliament, which acts through the 
UGC. The UGC needs to give more precise 
guidelines in this respect. The trend to equal 
shares for all is most dangerous. 

In those universities where ‘democratic 
election procedures’ have come into effect 
for heads of departments, there should be 
certain safeguards. If all the faculty are 
eligible for election, then the wishes of the 
faculty should certainly be taken very much 
into consideration, but the final say as to 
who would be the best department head 
should lie with the vice-chancellor. 

Much of the time presently spent in com- 
mittees could be saved if the pro-vice- 
chancellors in British universities were 
given more responsibility and power to 
make decisions. For example, in the 
allocation of financial resources:it would 
seem logical to make an initial allocation 
between the major areas of the university, 
say the humanities, the social sciences, the 
sciences and the technology faculties. Then, 
within each area, the break-down between 
the individual departments should be done 
by a single pro-vice-chancellor in charge of 
that area, of course, in consultation with 
the heads of each of those departments, but 
with the final say in the matter. 

The British university system has many 
excellent aspects, and it is with a view to 
conserving and improving these that | offer 
my impressions in a spirit of constructive 


criticism. O 





Alan R. Katritzky is Kenan Professor in the 
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Three-dimensional electron lattice 


At low temperatures and in strong magnetic fields, electrons (in a semi-conductor) can indeed 
be made to crystallize into a lattice, confirming a prediction of Wigner half a century ago. 


THE idea that electrons may form into a 
crystal lattice, originally due to Eugene 
Wigner, has finally been confirmed after 
exactly half a century. The delay does not 
imply indifference. Since C.C. Grimes and 
G. Adams demonstrated in 1977 that elec- 
trons at the surface of liquid helium will 
form a two-dimensional lattice of the 
Wigner type, there have been several claims 
of evidence for three-dimensional electron 
lattices in materials as different as InSb 
andtheternary alloy Hg Cd „Te. But only 
now does it seem to be accepted that T.F. 
Rosenbaum and S.B. Field of the 
University of Chicago, working with D.A. 
Nelson (Honeywell, Lexington) and P.B. 
Littlewood (AT&T Bell Laboratories) have 
unambiguously demonstrated a three- 
dimensional electron lattice in (Hg,Cd)Te 
with x at about 0.24 (Phys. Rev. Lett. 54, 
241; 1985). 

The curious sensation engendered by the 
notion of an electron lattice is that it seems 
a contradiction of quantum mechanics. If, 
as we are always being told, electrons are 
not localized entities but, at the very least, 
smudges and perhaps even standing waves, 
how can they be localized at the vertices of 
a lattice? The answer is that what matters is 
only the free energy of the system. The 
uncertainty principle implies that local- 
ization entails a penalty (increased kinetic 
energy) that may be outweighed by the 
reduction of repulsion energy stemming 
from regular arrangement on a lattice. 

Naturally, the whole idea would be a 
more direct assault on more elementary 
principles were it not taken for granted that 
an electron lattice can form only if 
embedded in a neutralizing sea of positive 
electric charge, such as that provided by a 
solid crystal lattice from which the 
electrons have been detached. This is part 
of the reason why the search for electron 
lattices has concentrated on semicon- 
ductors. The best candidates are materials 
with only a small concentration of charge 
carriers of high mobility (or small effective 
mass compared with that of the electron) 
which also have a large dielectric constant. 
Whence Hg „CdTe. 

The other variable that matters is an 
external magnetic field, the effect of which 
is to assist the localization of electrons, at 
least in a plane perpendicular to the field. 
(Wave packets are elongated in the field 
direction.) What Rosenbaum and his 
associates have done is to follow the 
process of crystallization of electrons into a 
lattice at low temperatures (between 1 K 








and 10 mK) under the influence of an 
increasing field. Their decisive advantage 
over earlier workers seems to be the 
homogeneity of their samples and the low 
temperatures they have achieved. 

Recognizing that the crystallization of 
electrons is not perhaps as simple as might 
be expected, but depends on a measure- 
ment of the resistivity and Hall resistivity 
of the sample, the standard means of 
estimating the mobility and density of 
charged carriers in a conductor. (Nothing 
more magical than Faraday’s laws of 
electromagnetism is involved; electric 
charges moving perpendicular to a mag- 
netic field are also dragged sideways, 
creating a voltage perpendicular to both 
the field and the carrier current.) 

In these terms, the phenomenon of 
crystallization is dramatic enough. 
Rosenbaum ef al. find that the Hall 
resistivity of their (Hg,Cd)Te alloy is only 
small when the external magnetic field is 
zero and that it remains virtually constant 
with increasing field until some critical 
value of the field (about 6,000 Oe at 10mK) 
is reached, after which the resistivity 
increases rapidly (and linearly) with 
increasing field. 

The critical field at which the supposed 
crystallization occurs is, as it should be, an 
increasing (again linear) function of the 
temperature. The inference, that the 
sudden loss of mobility is a mark of the 
onset of electron crystallization is possible 
largely because of the low temperatures at 
which the observations have been made, 
for only then can other explanations be 
excluded; the trapping of individual charge 
carriers by donor atoms is the most obvious 
of these. 

For what it is worth, the measurements 
agree well with calculations, notably those 
of W.G. Kleppman and R.J. Elliott (J. 
Phys. C. 8, 2729; 1975) who set out by 
representing localized electrons as gaussian 
wave packets whose dispersion is different 
(and greater) in the direction of the 
magnetic field than in the two transverse 
directions. The calculations show that 
circumstances may indeed arise in which 
the repulsive Coulomb energy of electrons 
in a regular array exceeds the increase of 
kinetic energy occasioned by localization. 
Kleppman and Elliott point out that the 
physical explanation is really quite simple; 
the Coulomb energy is proportional to the 
inverse of the electron separation but the 
kinetic energy to the square of that inverse, 
so that the former must dominate the latter 


if the separation is large (or the density of. 
carriers low). The calculations show that 
the exchange energy between a localized 
array of electrons is negligible: (if the 
density is low enough), so that: the 
exclusion principle is immaterial, which is 
something of a surprise. 

One accompaniment of this argument 
which in part accounts for present interest. 
in electron lattices is that a crystalline array 
of electrons should also be spin-polarized 
with the electron spins aligned along the 
magnetic field. Rosenbaum ef al. have 
indeed accumulated evidence for such an 
alignment from the irregularities apparent 
in the increase of resistivity (not the Hall 
resistivity) with increasing field strength. 
Alignment, in their case, occurs at a lower 
field strength than crystallization. So 
would it not be possible to demonstrate the 
crystallization of the electrons directly, 
perhaps by neutron diffraction? Unfor- 
tunately, Kleppman and Elliott concluded 
some time ago (J. Phys. C. 8, 2737; 1975) 
that the prospects are not bright. 

Two sets of issues will now come to the 
fore. First, the calculation of the phase 
transition from free to frozen electrons 
needs attention. So far, people have simply 
made calculations of the energy of the 
two phases at zero temperature, so that 
there is nothing to be said about the 
dynamics of the transition. The problems 
clearly, however, have a great deal in 
common with those arising in the .cal- 
culation of electron disorder in: 
superconductivity and of the charge- 
density waves such as are responsible for 
the electronic behaviour of, for example, 
polyacetylene and the other materials 
which are better candidates as organic 
superconductors. 

The practical implications of this 
development are less easily foreseen. . 
Obviously, it is good that there is now a 
physical explanation of a phenomenon that 
may affect the electronic behaviour of an 
important set of materials. Whether it will 
be possible to exploit the fact that the ` 
lattice electrons are spin polarized in the 
same direction remains to be seen, but the 
low temperature at which crystallization 
unambiguously occurs is an impediment — 
or a challenge to people’s ingenuity. 
Meanwhile, the demonstration of this 
phenomenon is yet another proof of the 
astonishing fertility of Eugene Wigner’s 
contributions, at the outset of his career, to 
quantum mechanics in particular and to 
physics in general. John Maddox. - 
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- from Derek W.G. Sears 


AN EXAMPLE of how work designed to ex- 
plore one question sometimes throws light 
< on a seemingly unrelated question is pro- 
vided by a pair of papers just published in 
‘Nature'*. The authors of these papers set 
out to investigate the origin of isolated 
grains of the mineral, olivine, in the car- 
bonaceous chondrite type of meteorites by 
making systematic studies of the cathodo- 
‘luminescence of the grains and their 
‘minor’ element chemistry. The result is both 
‘some new thoughts on the origin of the 
grains and the best evidence yet that some 
of the stony spherules extracted from deep- 
sea sediments are extraterrestrial in origin. 
Meteorites are relics from the earliest 
days of the solar system. They are a com- 
plicated mixture of components which 
formed under a variety of physical condi- 
tions; some components may even have 
formed beyond the confines of the solar 
system. Isolated olivine grains of car- 
~ bonaceous chondrites have attracted in- 
’ terest because they may be primary crystals 
formed by condensation in the primordial 
nebula at relatively high temperatures 
(above 900 K). Grossman and Olsen’, who 
were probably the first to make this sug- 
gestion, were led to do so by the abundance 
of refractory trace elements in the grains, 
the presence of minerals calculated to con- 
dense at high temperatures, the absence 
of glass inclusions and their surface 
“topography. On the other hand, 
McSween* found that isolated olivine 
‘grains have compositional and textural pro- 
‘perties which grade into, or are similar to, 
‘those of olivine grains found inside another 
major structural component in chondrites, 
the chondrules. With a few exceptions, the 
olivines in chondrules are widely believed 
to have been formed by crystallization from 
a liquid. The debate in much that has 
recently been written on the origin of the 
isolated olivine grains has therefore centred 
on whether. they are products of high- 
temperature condensation or the fragments 
‘of chondrules—the latter carrying the con- 
“notation of crystallization from a liquid. 

Steele and his coworkers! have examin- 
ed the cathodoluminescence of isolated 
olivine grains in two carbonaceous 
chondrites, Murchison (a type CM car- 
bonaceous chondrite) and Allende (a type 
CV carbonaceous chondrite). In both cases, 
the cores of the grains luminesced blue 
while the rims luminesced red. In general, 
luminescence colour reflects trace element 
chemistry, and high quality electron micro- 
probe analyses revealed that the blue 
regions are low in Fe and enriched in the 
refractory elements, Ca, Al and Ti, while 
the red regions are high in Fe and much 


stony spherules 
and the primordial nebula 


lower in refractory elements. The red 
regions also contain inclusions of glass, 
silicates and metal, an indication that the 
olivine formed from a liquid. Steele et al. 
suggest that the blue olivine formed by con- 
densation from vapour at high temperat- 
ures and then experienced a short-lived 
melting event which produced the red rim. 





Black spherules, each with a metallic nucleus, 
collected from Challenger at 2,375 fathoms in 
the South Pacific (left} and 3,150 fathoms in the 
Atlantic (right). Magnified 60 times. From ref. 7. 





This suggestion strikes a familiar chord. 
In the past few years, several authors have 
suggested that although chondrules are 
often droplets produced by melting pre- 
existing solids, on occasion a few grains of 
the precursor solid can survive the melting. 
They are termed relic grains, and are often 
olivine. Steele et al. suggest that all the 
isolated grains in CM chondrites are relic 
grains, which were formed by high-temp- 
erature condensation and which have sub- 
sequently passed through the chondrule- 
forming process; in essence, both ideas for 
the origin of isolated olivine grains— 
vapour condensation and liquid cryst- 
allization—are true. The idea merits atten- 
tion and will suffer intense scrutiny. The 
immediate problem is that it implies that 
relic grains in chondrules are common- 
place, which is contrary to current obser- 
vations. Does this reflect our inability un- 
ambiguously to recognize all relic grains? 

Whatever their origin, the minor element 
chemistry of isolated olivine grains in car- 
bonaceous chondrites seems to provide 
them with a unique fingerprint which helps 
resolve a one-hundred-year-old problem. 
The circumnavigation of the world by the 
Challenger in the latter part of the nine- 
teenth century marked the beginnings of 
the modern science of oceanography and 
yielded many discoveries. One was that the 
ocean sediment, which was routinely 
scooped up during the voyages, contains 
numerous black magnetic spherules, whose 
discovery was described in 1884 in 
Nature’. Their origin remained unclear 
well into the present century when modern 
instrumental methods became available. 
The spherules, which are of the ‘iron type’, 
frequently contain an offset iron-nickel 
core surrounded by magnetite, which is also 
sometimes nickel-bearing®. The prevalence 
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type spherules, analogues of the nickel-rich 
core and magnetite shell structure also be- 
ing found in iron meteorite fusion crusts. 
However, the origin of the so-called ‘stony- 
type’ spherules remained unclear. 
Neutron activation analysis? and de- 
focussed-beam electron microprobe anal- 
ysis'© of deep-sea stony spherules yield 
bulk compositions that are consistent with 
an extraterrestrial origin for the spherules, 
but interpretation is difficult because of the 
considerable terrestrial alteration they have 
suffered. Oxygen isotopes have provided 
a means of distinguishing the various 
meteorite classes and finding genetic links 
between them and, last summer, Mayeda 
et al. produced some oxygen isotope data 
for deep-sea spherules''. The problem is 
that not only are the spherules weathered, 
but they will have picked up considerable 
atmospheric oxygen during their atmos- 
pheric passage. On the assumption that 
iron spherules contain only terrestrial 
oxygen and that the stony spherules con- 
tain a mixture of terrestrial and extra- 
terrestrial oxygen, Mayeda et al. suggested 
that the extraterrestrial oxygen in the 
spherules resembles that in anhydrous com- 
ponents from CM chondrites, such as their 
isolated olivine grains, or CV chondrites. 
Like the chondrules, a few of the deep- 
sea stony spherules contain tiny mineral 
grains which survived the melting that pro- 
duced the spherule and so have also been 
called ‘relic’!°. The minor element chemi- 
stry of isolated olivine grains from CM 
chondrites resembles that of the relic olivine 
grains in deep-sea stony spherules, and is 
quite distinct from that of olivines from 
other sources*. Take, for example, the 
Mn-Cr systematics. On a plot of MnO 
agains Cr,O;, there is a positive correla- 
tion, with a distinctive concave trend, for 
olivines from the CM chondrites, not found 
for other classes of chondritic meteorite but 
rather closely matched by the deep-sea 
spherule olivines. Unlike the bulk composi- 
tion and oxygen isotopes of the deep-sea 
stony spherules, the relic olivines seem to 
have been impervious to atmospheric or 
aqueous alteration. This, and the distinc- 
tiveness of their composition, provides the 
best evidence yet that certain deep-sea stony 
spherules are of extraterrestrial origin. 1 
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Ion channels in plant cells 


from E.A.C. MacRobbie 


AS IN animals, so in plants, the macro- 
scopic electrical behaviour of cell mem- 
branes derives from the transient opening 
and closing of large numbers of ion 
channels. The technigue of patch clamp- 
ing ', which involves the electrical analysis 
of a very small patch of membrane that 
contains only a few ion channels and is 
sealed on to the tip of a glass micropipette, 
allows the characterization of a range of 
ion channels that are permeable to specific 
ions, including those channels that are 
associated with excitability. This method 
can provide very detailed information on 
the kinetics of chanhel gating (opening and 
closing), and its sensitivity to chemical 
agents or to the voltage across the 
membrane. Two recent papers 2? mark the 
promising extension of patch clamping 
from animal systems to plant cells. 

Patch clamping circumvents the 
problems that have combined to bedevil 
electophysiological measurements in plant 
cells—the problems of a very tough cell 
wall, the existence of plasmalemma and 
tonoplast membranes in series, and the dif- 
ficulty of gaining access to the cytoplasm. 
This is particularly a problem in the cells 
of higher plants where the cytoplasm forms 
only a very thin layer sandwiched between 
the plasmalemma and tonoplast with the 
result that conditions at either membrane 
are ill-defined and impossible to control. 
Because of these problems, electro- 
physiological rieasSurements in cells of 
higher plants have remained more primitive 
than those in animal or giant algal cells. 

The two papers now published are very 
different. Moran et al. *, using wheat leaf 
protoplasts, show the technique to be 
feasible, but throw little light on membrane 
properties in physiological conditions. They 
present a rather confusing range of 
behaviour in different membrane patches 
and solutions, without making it clear 
whether the type of behaviour observed is 
a function of the particular patch or of the 
bathing solution. Out of 41 successful 
patches, 23 yielded discrete current fluctu- 
ations, representing the opening and closing 
of individual ion channels grouped into 
four classes according to their conductance 
(10-20 pS, 35-40 pS, 70-100 pS, and 
160-180 pS). None of the bathing solutions 
used in the illustrated experiments is in the 
least similar to the normal cytoplasmic (or 
external) ion composition; rather their 
choice reflects the importance of sodium 
channels in many animal cells. 

Why do the other 40 per cent of the 
patches show only smooth currents, with 
no indication of the opening or closing of 
individual channels, and with a very high 
patch conductance? The authors interpret 
this behaviour, termed ‘‘macroscopic’’, in 












terms of “hot spots” in the membrane, 
with hundreds of channels, each of con- 
ductance less than 5 pS, in the small area 
of the patch. In the record they show, this 
behaviour was observed in 25 mM LaCl, 
but it is unclear whether this solution is a 
prerequisite for the behaviour. The fre- 
quency of macroscopic behaviour, if not 
the result of La treatment, is unexpected. 
If the conductance of the membrane of 
wheat leaf protoplasts is in the upper range 
of values measured in other plant cells, then 
the existence of even one hot spot would 
account for the whole cell conductance, 
and the conductance of a cell with hot spots 
in 40 per cent of its membrane would be 
100-1000 fold higher than that so far ob- 
served. Thus, the work on wheat leaf 
protoplasts signals a major technical 
achievement, but its significance in a 
physiological context is not established. 

In contrast, Schroeder et al. ? start with 
the firm physiological aim of studying 
single ion channels in stomatal guard cells 
(of the bean Vicia faba), in which move- 
ments of potassium salts are clearly impli- 
cated in the turgor changes responsible for 
opening and closing of the stoma, through 
which gases are exchanged. The authors 
identify a specific K*-selective channel, 
with a conductance of 20-27 pS, when the 
cell membrane is bathed with 30 mM K* 
on its extracellular side and 228 mM K* 
on its cytoplasmic side — concentrations 
which are likely to be reasonably physiolo- 
gical. At a density of one per 15 um?, 
such channels, open for one-third of the 
time, could produce potassium fluxes of the 
observed order. Therefore, they are likely 
to contribute to the potassium movements 
associated with guard-cell opening and 
closing. We eagerly await tests of the 
sensitivity of this channel’s gating kinetics 
to some of the factors affecting stomatal 
aperture. Meanwhile, the paper of Schroeder 
et al. is a landmark in the study of stomatal 
function. 

Finally, it is worth considering which of 
the ion channels that are known to exist in 
giant algal cell membranes might now be 
sought in higher plant cell membranes by 
patch clamping. First, there is evidence for 
a voltage-sensitive K * -channel in the cells 
of Chara and Hydrodictyon, which is 
closed at the very negative membrane 
potentials generated by the electrogenic 
proton extrusion pump (the primary system 
of active ion transport in plant cells) but 
which opens at low external Ca**, high 
external K*, or at potentials more positive 
than a threshold value +’. Second, there is 
evidence for an H*-channel in Chara, 
which is open at high external pH, at 
membrane potentials close to the proton 
equilibrium potential’; this channel is 
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alkalinity in “the pattern of altern £ 
acidic and alkaline zones seen in Chara cells 
taking in bicarbonate ions subsequent to: 
the photosynthetic fixation of CO,.. In 
addition, two different ion channels: are 
implicated in the action potential in Chara. 
cells—a Cl=channel and a Ca?*-channel, 
whose openings allow efflux of Cl~ and 
influx of Ca?* respectively, both contri- 
buting to the depolarizing spike but with 
different gating characteristics? '°. The 
action potential in Mimosa, like that in 
Chara, involves net loss of KCI!'3, and 
it may well be that channels very similar to 
those in Chara are involved in excitable 
cells of higher plants. 

Thus, there are clearly identified 
problems awaiting study by the patch 
clamp technique. The new possibilities for 
the detailed and well-defined study of cells 
of higher plants and their range of ion- 
related processes are very exciting. Cl 
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A rod photoreceptor from the retina of 
a tiger salamander with the outer seg- 
ment, which is only 10 um in diameter, 
held in a suction pipette. A patch pipette 
(right) is used to rupture the membrane 
of the inner segment so that substances 
such as calcium chelators or cyclic GMP 
can be introduced into the cell. Results 
from these and similar experiments (see 
pages 579-587 of this issue) provide 
strong evidence that cyclic GMP is the in- 
ternal messenger for phototransduction 
rather than calcium, complementing the 
report published in Nature three weeks 
ago (24 January, p. 310), when the topic 
was also discussed in these columns (p. 
264). (Photo courtesy of T. Lamb). 






























from Paul G. Bahn 


THE most dramatic find for many years in 
the field of Ice Age art has recently been 
made public both in the ‘Palaeolithic Art 
of Mediterranean France’ exhibition at 
Carcassonne! and at the ‘International 
Conference on Palaeolithic Cave Art’ at 
Périgueux. It consists of engravings on a 
large rock, high in the eastern Pyrenees. 
They were discovered by Jean Abelanet, 
who had long been exploring the area in 
search of megalithic monuments and rock 
engravings of the proto-historic and his- 
toric periods; the site and its figures have 
been studied by Dominique Sacchi, the 
foremost expert on the early prehistory of 
the region. 

It has been known for decades that the 
cave art or parietal art of the Ice Age is not 
confined to caves. Magnificent sculptured 
friezes have been found in French rock- 
shelters, such as Angles-sur-l’Anglin and 
Cap Blanc ?. Large sculptured or engraved 
blocks have been found in other rock- 
shelters or in sites at the foot of cliffs, such 
as Roc de Sers or Fourneau du Diable. A 
few years ago, some deep and eroded, 
linear and zoomorphic engravings were 
found in cave mouths and shelters along the 
River Nalón, Spain *, and other examples 
of exterior deep incisions are known in 
similar locations in Cantabrian Spain and 
the Spanish Mediterranean coast. Linear 
incisions in and around several caves on 
Mount Carmel, Israel have been attributed 
to the end of the Pleistocene t and may be 
far older. And, of course, it has long been 
known that Ice Age man lived in open-air 
encampments far more than he did in 
caves, and many pieces of portable art have 
been found in such sites in different parts 
of Europe. But never before has art of the 
period been found in isolation, in such an 
open-air, high-altitude site. 

Ironically, this unique find has been 
made in an area which, through lack of ex- 
ploration, was almost a void on the palaeo- 





The engraved rock at ‘‘Fourols Haut”, 
Campôme, Pyrenees-Orientales (below) and an 
isard head, 7.5 cm high, engraved on it, close 
to the hindquarters of another herbivore. (Photo- 
graphs and tracing courtesy Dominique Sacchi). 








Ice Age drawings on open 
rock faces in the Pyrenees 


lithic map until recent years °.The invest- 
igation of Abelanet and Sacchi have 
already gone a long way towards filling the 
void, and the area is now known to contain 
a number of palaeolithic caves and open- 
air sites, as well as one decorated cave, 
Cova Bastera *, which has some red dots 
and lines on its walls. This is still a pale 
shadow of the multitude of rich sites and 
abundant art-caves just to the west in 
Ariége and the Central Pyrenees; but the 
new discovery at Campôme gives Roussillon 
(or French Catalonia) special importance. 

The engravings are on a huge block of 
schist (see figure) which lies, unconnected 
to the bedrock, at an altitude of about 











750 m, to the north of the town of Prades, 
between Mont Canigou and the sea. The 
rock has been greatly weathered by wind 
but, because the eastern face is sheltered, 
its engravings, although eroded, are clearly 
visible. This face is covered in engravings, 
drawn in all directions, and comprizing 
about ten animals — none complete — as 
well as ‘signs’ and zigzags. The finest figure 
is the 7.5 cm high head of an isard, or 
Pyrenean chamois, situated close to the 
hindquarters of another herbivore (see 
figure). The isard still lives in the Canigou 
massif, whereas the ibex, which features in 
another engraving, disappeared from the 
area in the eighteenth century AD. 

It cannot, of course, be proved that these 
engravings date from the Ice Age but there 
is nothing even remotely similar to them 
among the many schematic engravings 
found on rocks in the region by Jean 
Abelanet ’. Nor do they resemble the 
Middle Stone Age and later art of the 
Spanish Levant which extends into Spanish 
Catalonia. Moreover, had the Campôme 


































































been accepted as palaeolithic, probably of 
the Middle Magdalenian of the Pyrenees 
(12-11,000 Bc). Although their unique loca- 
tion arouses some doubt, specialists at the 
Périgueux conference were unanimously 
agreed that the engravings are almost cer- 
tainly late palaeolithic. Study continues, 
but one can already point to a certain re- 
semblance to a larger head of an isard deep 
inside the cave of Massat (Ariège) ê. 

In short, just as we had to adapt our view 
of ‘cave-man’ as more open-air sites were 
discovered, and just as ‘cave-bears’ were 
by no means restricted to caves (they pro- 
bably used them primarily for hibernation), 
in the same way we must adapt our view 
of ‘cave-art’. Although Ice Age ritual has 
become identified with caves and rockshel- 
ters, because these are the places where the 
evidence has most successfully survived, it 
has always:seemed probable that Ice Age 
art, mime, song and dance involved out- 
door activities ®. Now, at last, we have 





proof that larg 

shelters were also decorated in the same 
period, and that such art can survive 
erosion if the conditions are right. 

Once the survival of Ice Age art on cave 
walls was proved at the turn of the century, 
there was a surge of exploration and re- 
markable finds. It is to be hoped that the 
discovery at Campôme will have similar 
effects. a 


- Sacchi, D. Exhibition catalogue, L’Art Paléolithique de la 
France Méditerranéenne, Musée de Carcassonne, 1984. 
Leroi-Gourhan, A. Préhistoire de {Art Occidental (Mazenod, 
Paris, 1965). 
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Bahn, P.G. Pyrenean Prehistory (Aris & Phillips, Warminster, 
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. Sacchi, D. 706e Congr. Nat. Sociétés Savantes (Perpignan, 
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Abelanet, J. Travaux Inst, Art Préhist. Toulouse 10, 5 (1961); 
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Paul G. Bahn can be contacted through the 
School of Archaeology and Oriental Studies, 
University of Liverpool, Liverpool L69 3BX, 
UK. 





Cell proliferation 


Interferons and oncogenes 


from Mike Clemens 


INTEREST has grown in recent years in the 
ability of the interferons to modulate cell 
proliferation and differentiation in cultured 
cells and to slow the growth of tumours in 
animals and man. Much evidence indicates 
that the biochemical mechanisms under- 
lying these effects may well be different 
from those which bring about the antiviral 
actions of the interferons—although there 
may be some overlap. Not surprisingly, the 
growing awareness of the role of cellular 
proto-oncogenes in regulating both the 
ability of cells to proliferate and the 
expression of transformed or malignant 
phenotypes has raised the question of 
whether interferon modulates the expres- 
sion of the proto-oncogenes (such as c-myc 
and c-Ha-ras) in target cells. 

The past year has seen a burst of activity 
in this direction and new evidence of how 
cell proliferation might be controlled by 
interferons. acting as ‘negative growth 
factors’. So far, the work has concentrated 
mainly on the expression of c-myc in Daudi 
(Burkitt lymphoma) cells and of c-Ha-ras 
in transformed mouse fibroblasts. The con- 
centration of c-myc mRNA is diminished 
in Daudi cells within 24 hours of exposure 
to human f-interferon'. Treatment of 
transformed 3T3 fibroblasts with mouse 
B-interferon produces revertant colonies 
in which there is a significant reduction in 
c-Ha-ras mRNA °. The expression of a 
c-Ha-ras and c-src is similarly reduced in 
RT4 bladder carcinoma cells >. In the case 
of c-Ha-ras and c-src, at least, the levels of 
the corresponding protein products (p60 
and p21 respectively) are also lowered by 
interferon treatment. In all three examples, 








the effects are accompanied by inhibition 
of cell proliferation. 

These observations are of great interest 
but raise many further questions. Are the 
changes in proto-oncogene expression a 
cause or a consequence of the inhibition of 
cell proliferation? Are they related to the 
changes in progression through the cell 
cycle that interferon can sometimes induce? 
How do they relate to other changes in gene 
activity and to the effects of interferons on 
cellular differentiation and expression of 
the transformed phenotype in tumour cells? 
It is also crucial that we understand the 
molecular mechanisms that link the binding 
of interferon on cell surface receptors to 
the modulation of proto-oncogene funct- 
ions in various cell types. Some answers 
to this formidable array of problems began 
to emerge at a recent meeting, held in 
Heidelberg’. 

In view of the high sensitivity of Daudi 
cells to the growth-inhibitory effects of 
interferons * and the extensive information 
concerning the reciprocal chromosomal 
translocations that involve c-myc in these 
celis*, it is not surprising that most 
progress has been made with this system. 
At the meeting G.J. Jonak (E.I. du Pont 
de Nemours, Wilmington) extended his 
published data to show that the concen- 
tration of the 2.4 kilobase c-myc mRNA 
falls by as much as 60 per cent after only 
3 hours of treating Daudi cells with inter- 
feron. He suggests that this is due to 
decreased processing or decreased stability 
of c-myc transcripts, because he finds no 


* Third TNO/ISIR Congress on the biology of the interferon 


system, Heidelberg, FRG, 21-25 October 1984. 














evidence of decreased c-myc transcriptio 
Such an effect on c-myc mRNA stabili 
is fascinating since, in Daudi cells, this- 
RNA already turns over with an unusually 
short half-life (B. Lebleu, University of 
Montpellier). Data reported by A. Kimchi- 
(Weizmann Institute), however, do'suggest: 
inhibition of transcription of c-myc in inter- 
feron-treated Daudi cells (see also page 597.. 
of this issue of Nature). i 

The results from these laboratories (and: 
from J. Kelly, Imperial Cancer Research 
Fund, London) suggest that the changes in: 
expression of c-myc are sufficiently rapid 
not to be a result of the partial accumu- © 
lation of Daudi cells in the G,/G, phase 
of the cell cycle that occurs as a relatively © 
late response to treatment with f- or 
a-interferon *’. Since there is a relation- 
ship between c-myc expression and the: 
position of cells in the cell cycle in other. 
systems ê it is tempting to speculate that © 
the c-mye gene product (p62—a DNA.” 
binding protein) is required for some aspect 
of DNA replication. Indeed, DNA repli- 
cation is disrupted by interferon treatment 
of Daudi cells in a number of surprising. 
ways, including inhibition of ligation of” 
Okazaki fragments and decreased stability 
of newly replicated sequences ?.But until 
the level and activity of the p62 protein 
(rather than of its mRNA) has been 
measured as a function of time of 
interferon treatment, its possible role in 
these effects cannot be judged. 

In spite of these results, it seems unlikely ` 
that changes in c-myc expression are the ` 
primary (or the sole) cause of the inhibition © 
of cellular growth by interferons. Kimchi ` 
reported (and see page 597) that interferon 
treatment of (albeit, less sensitive) cells such ` 
as U937 (histiocytic lymphoma), HL-60 
(promyelocytic leukaemia) or Friend: 
erythroleukaemia cells inhibits their 
proliferation without any change in c-myc 
mRNA (or in cell cycle distribution). 
Furthermore, P. Lengyel (Yale University) 
reported that, although interferon blocks 
the stimulation of proliferation that follows - 
the treatment of Balb C/3T3 cells with 
platelet-derived growth factor, it does not 
block the induction of c-myc expression Ë 
that precedes the proliferative response. 
These results serve to emphasize the multi- 
factorial nature of cell growth regulation 
and malignant transformation, as well as 
the multiplicity of biochemical actions of 
which the interferons are capable—a 
problem very familiar to those who are 
attempting to unravel the antiviral 
mechanisms activated by the interferons. 

As stated earlier, there is clear evidence 
that interferon treatment can sometimes 
inhibit the expression of the human 
c-Ha-ras gene. At the meeting R. Friedman 
(Uniformed Services University, Bethesda) 
reported further that transformation of 
3T3 cells, transfected with T24 human 
bladder carcinoma DNA (which contains 
an activated c-Ha-ras gene ) or with the 
viral v-Ha-ras or v-mos genes, is inhibited 
by interferon treatment. However, the 





























formed line, RS504, is not reversed by 
interferon. It is not yet clear whether these 
effects reflect regulation by interferons of 
proto-oncogene transcription or of mRNA 
stability. If the former, then interferons 
may be capable of highly selective repres- 
sion of transcription, controlled, for 
example, by only certain combinations of 
promoter and enhancer sequences; indeed 
: the synthesis of other mRNA species such 
as that coding for 2/5‘oligoadenylate 
synthetase is strongly stimulated by inter- 
feron treatment''. On the other hand, 
selective turnover of mRNAs would imply 
a differential sensitivity to nuclease(s) that 
may be activated or induced by interferons. 
Perhaps the 2’,5'-oligadenylate-RNase 
system, known to be important in the 


viruses by interferons 12, may Yet have 
subtle role in the anti-cellular actions of 
these negative growth factors. g 
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Palaeoanthropology 


Primate and human phylogeny 


from Eric Delson 


Ir WAS heartening for an advocate of the 
merits of cladistic analysis, to see at a re- 
cent conference” just how widely it is now 
being used in the study of primate and 
human evolution. The purpose of the 
meeting was to provide a review of the 
main points of contention and consensus, 
often pairing proponents of both sides of 
an argument, an arrangement that led to 
lively debate on theoretical aspects of evo- 
lutionary tempo and mode as well as on the 
details of presentations. 

One focus was on the evolution of the 
anthropoid or ‘higher’ primates. L. Aiello 
(University College, London) reviewed the 
evidence for a close phyletic relationship 
© between tarsiers and anthropoids, which 
has been strengthened by work on several 
body systems in recent years. She supported 
the concept of a monophyletic (single- 
origined) Haplorhini for these groups, as 
did A.L. Rosenberger (University of I- 
linois, Chicago). He proceeded to the ques- 
tion of whether all monkeys and apes are 
descended from a single tarsier-like pro- 
toanthropoid or whether the New World 
platyrrhines have a pre-anthropoid ancestor 
separate from the Old World catarrhines. 
By demonstrating the homologous nature 
of novel (derived) cranial structures in all 
anthropoids, he provided clear support for 
the concept that anthropoids represent a 
clade, not a poorly associated grade of 
primate evolution. In one of the few new 
concepts presented at the meeting, 
Rosenberger offered a unified model for 
the evolution of anthropoid postorbital 
closure and facial/neurocranial attach- 
ment: increasing masticatory forces in an 
. early haplorhine with a narrow interorbital 
septum required buttressing, which was 
provided by the complete postorbital sep- 





*Majar Topics in Primate and Human Evolution’, sponsored 
by the Anatomical Society of Great Britain and Ireland and the 
Primate Society of Great Britain, London, 17-18 December 1984. 


tum and fusion of the frontal bone and 
mandibular symphysis. 

Several of the best papers came from re- 
searchers who reviewed areas outside their 
own narrow expertise. Thus, palaeontolo- 
gist P. Andrews (British Museum, Natural 
History) summarized the molecular biolo- 
gical evidence bearing on hominoid (ape 
and human) relationships, concluding that 
the majority of approaches have been 
essentially phenetic. Immunological and 
DNA hybridization studies reveal similar- 
ities among taxa studied, but whether they 
are derived or even homologous similarities 
is unclear; studies of genome sequence data 
appear more promising. A. Friday (Univer- 
sity of Cambridge) concluded from new 
statistical analyses of mitochondrial DNA 
sequences in living hominoids that chim- 
panzees may have had an ancestor in com- 
mon with humans slightly more recently 
than either did with gorillas; however, the 
alternative tree, which has chimpanzees 
closest to gorillas, was hardly less par- 
simonious. In discussion, several workers 
played down the likelihood of a simplistic, 
linear ‘molecular clock’ for dating the 
divergence points identified from the many 
approaches now employed. 

Dental evidence figured strongly in 
several reports. L. Martin (University Col- 
lege, London) summarized his studies 
(Nature, in the press) of enamel growth and 


ultrastructure in hominoids. Thick molar, 


enamel caps probably characterized the 
common ancestor of the great apes and 
humans, but thickness was reduced in the 
lineage leading to chimpanzees and gorillas. 
The rate of enamel deposition slowed in the 
ancestor of these animals and in the 
orangutan clade which split from the 
chimp/gorilla/human line some 15 million 
years ago. There is some argument whether 
to recognize each of these clades as a full 
family or as a subfamily of Hominidae, 
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fication of a strictly human lineage in 
Hominidae and all apes in Pongidae. In a 
timely reminder that detailed morphologi- 
cal analysis is required to test evolutionary 
hypotheses, P. Butler (Royal Holloway 
College, London) suggested examination of 
dentine morphology to provide a partially 
independent source of data and opined that 
the ancestry of the enigmatic Italian 
Miocene catarrhine Oreopithecus might be 
sought in relatives of the Early Miocene 
East African Rangwapithecus. 

The relationships of Australopithecus 
species to each other and to the origin of 
Homo were at the centre of debate in ses- 
sions on human evolution. F.E. Grine 
(State University of New York, Stony 
Brook) finds that the deciduous dentition 
of autralopiths reveals a ‘robust’ clade 
within which the Kromdraai type sample 
of A. robustus can be separated from the 
more dervied A. crassidens and A. boisei. 
M.C. Dean (University College, London) 
reported a number of derived features 
shared by Homo and robust australopiths 
(Paranthropus) not seen in apes or A. 
africanus (and A. afarensis where known): 
early eruption of relatively small incisors 
and similarities of cranial base flexion and 
temporal rotation are the most important. 
B. A. Wood and A. T. Chamberlain 
(Middlesex Hospital Medical School) could 
not easily determine the relationships of A. 
africanus in a ‘cladistic’ morphometric 
analysis of australopith and Homo crania, 
but A. afarensis was placed closer to the 
robust species. These results and those of 
Olson (in Ancestors: The Hard Evidence, 
ed. E. Delson, Liss, in the press) suggest 
to me that the mosaic pattern of early 
human cranial evolution is not yet fully de- 
ciphered: some features of A. afarensis 
presage the robust australopiths, as do 
some of A. africanus (see Rak, Y., The 
Australopithecine Face, Academic, 1983), 
but in other ways the latter species shares 
derived features with Homo. Perhaps 
Wood and Chamberlain’s more parsimon- 
ious tree, with afarensis linked to the robust 
species and africanus to Homo, is less ab- 
surd than it might seem at first glance. 

C.B. Stringer (British Museum, Natural 
History), who usually studies fossil varieties 
of Homo sapiens, bravely trained his sights 
farther back in time to provide support for 
the previously under-appreciated view that 
more than one species might be hiding 
among specimens allocated to H. habilis. 
He reported the greater similarity to later 
Homo of the supposedly-female, small- 
brained specimens (ER 1813, OH13) than 
of the larger-brained ‘males’ (ER 1470), 
especially in characters usually associated 
with male individuals. Thus, increasing re- 
cognition that great sexual dimorphism is 
to be expected in earlier human groups 
must be tempered with an appreciation of 
inter-individual and inter-regional (as well 
as temporal) differences in evaluating the 
observed variation and discerning evolu- 
tionary relationships and patterns. Only by 









variation in combination with that for 
homologous shared-derived features can 
the complexity of human lineage splitting 
and adaptations be resolved. 

The diversity of viewpoints presented at 
this meeting and at several similar gather- 
ings over the past year, as well as the 
recovery of new fossils of early apes and 
humans (not to mention skeletons of Homo 
erectus) in Africa and Asia during the same 
interval, testify to the renewed vigor of 
modern palaeoanthropology. Just 60 years 
ago, Nature published Raymond Dart’s 
account of Australopithecus africanus; to 
bend a phrase, we’ve come a long way from 
the Taung baby. g 


Eric Delson is at the American Museum of 
Natural History and Lehman College, City 
University of New York, New York 10468, USA. 





100 years ago 


A SCIENTIFIC VIEW OF THE COAL 
QUESTION 


Iris well known that our stock of coal is not an 
infinite quanity, and cannot last an indefinite 
period of time. It has not been by the mere 
existence of large quantities of coal in this 
country, nor entirely by the sale of coal to foreign 
nations, that so much of our wealth has been 
obtained, but largely by the circumstance that 
we were the first nation to apply coal to industrial 
purposes on a large scale and in a great variety 
of ways. Other nations also possessing coal, 
perceiving the great success of this method, 
followed our example, have overtaken us, and 
have now rendered it increasingly difficult, year 
by year, for us to maintain our position as 
manufacturers. 

It would be wise, therefore, boldly to face this 
serious prospect and consider by what means our 
national prosperity can be maintained as our coal 
diminishes in quantity and increases in price, 
especially as our population is continually in- 
creasing, and require to purchase greater supplies 
of foreign food. 

There does exist another and inexhaustible 
source of wealth and progress, viz. new 
knowledge obtainable by means of scientific 
research. It is upon knowledge, and substances, 
that we must sooner or later depend as a 
fundamental source of national prosperity. 

The practical value of new = scientific 
knowledge as a source of wealth and progress 
is incomparably greater than that of all the coal- 
deposits, petroleum springs and gold-fields of the 
earth. This great truth, though familiar to 
scientific investigators, is but little perceived or 
appreciated by our rulers, or by the mass of their 
electors; and the chief reason for this is the fact 
that they possess in sufficient knowledge of 
science. Even Governments can only appreciate 
that which they understand, and can only act as 
circumstances and public opinion allow them, 
and when fettered by an ignorant population, 
are powerless to preserve a nation from decay. 
From Nature 31 357, 19 February, 1885. 





', Sedimentology 
Hummocky sand deposits 
generated by storms at sea 





from LN. McCave 


AMID the successes sedimentologists have 
had in providing criteria for the recogni- 
tion of ancient sedimentary environments, 
the shallow marine environment has been 
slow to respond to sustained study. Never- 
theless, two broad classes of shallow 
marine deposits are now recognized accor- 
ding to whether they are dominated by tidal 
currents or by storm-generated waves and 
currents. Tidal-current deposits are dis- 
tinguished by several features, including 
thick sets of cross-bedding, systematic 
variation in bedding thickness and evidence 
of reversing currents in ‘herring-bone’ 
cross-bedding. Storms are thought to pro- 
duce ‘hummocky cross-stratification’ 
(HCS), a structure described and recog- 
nized for its significance by Harms ef al.! 
in 1975. Although HCS is thought to be a 
storm-generated structure, no one has ever 
seen it being formed and thus there is some 
debate about its conditions of origin. That 
debate is further enlivened with the analysis 
presented by P. Allen on page 562 of this 
issue’. 

The structure consists of curved lamina- 
tions forming hummocks and intervening 
swales, with low-angle intersections of less 
than 15°. Hummocks are spaced by 1-6 m, 
are 0.1-0.5 m in height and usually lack 
preferred orientations or asymmetry. 

Allen asks whether HCS can be formed 
by waves alone and concludes that the spac- 
ing of hummocks is much greater than that 
expected for low-steepness symmetrical 
bedforms using plausible wave-orbital dia- 
meters. Thus, some other component of 
flow is required to form HCS; waves may 
be necessary but they are not sufficient. His 
opinion is at odds with some contributors 
to a symposium on sedimentology of shelf 
sands held in Calgary, last June. In particu- 
lar, Southard? and Duke with Leckie‘, 
concluded that the structure can be ac- 
counted for by waves alone. (It is acknow- 
ledged that a unidirectional component is 
likely to be present as well with wind-gen- 
erated waves.) Thus there is a difference of 
opinion which will need to be evaluated 
when all the work is published. 

In any case, the necessity of waves for 
the formation of the structure limits its 


occurrence. The necessary bottom orbital- 


velocities occur at 50-100 m depth, at most, 
and then only on exposed continental 
margins such as the modern shelves off the 
Hebrides or the north-west of the United 
States. In situations with limited fetch, 
such as the Cretaceous Western Interior 
seaway, HCS are unlikely to have formed 
at depths greater than 50 m. 

In this light, it is intriguing that sand 
layers showing HCS are interbedded with 



















layers that appear to be turbidites 
(deposited by turbidity currents)*’. Thi 
has raised a hornets! nest of controversy 


of graded units of: f the Yukon S whic 
are supposed by Nelson to be of storm 
origin?. The opposing view is that they, 
and the ancient graded: beds interbedded 


can a turbidity current with a velocity of 
up to 10 metres per second be generated 
with a head of only 50:m when Bagnold has 
estimated that at least 700 m are needed® 
Will all turbidite formations have to: be 
examined for possible signs that they 
orginated in shallow water. 

Any controversy like this contains a rich. 
potential for new insights and inter» 
pretations. Working out the dynamical 
significance of hummocky cross-stratifi- 
cations is just the beginning. The initiation 
and dynamics of turbidity currents and of 
storm-driven flows in ancient shelf seas are 
the next candidates that will have to be 
(re)evaluated. td 
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I.N. MeCave has just moved from the University 
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Errata 

IN the article by Peter A. Lawrence ““Com- 
partment genes in hand”’ (Nature 313, 268; 
24 January 1985) references 23 and 24 were 
omitted. They are: 


23. Lawrence, P.A. Celf 29, 493 (1982). 
24. Lawrence, P.A. & Johnston, P. EMBO J. 3, 2839 (1984). 


In the article by Jennifer Altman “‘New vi- 
sions in photo reception” (Nature 313, 264; 
24 January 1985) the reference to Miller, 
W.H. and Nicol, G.D., Nature 280, 64 
(1979) was omitted. 























































 Srr—The X-ray emission from clusters of 
galaxies demonstrates'” that perhaps as 
much as 10'* Ms of hot T~10°K gas 
zmay often surround galaxies in clusters 
with a density of perhaps n= 
4x10 cm™. If the ion temperature is 
10° K, the thermonuclear reaction p+ d> 
He+ y should emit y rays at a rate of 
roughly 4x10% s~! with energy E,= 
5.516+0.016 MeV. Such a source in the 
Virgo cluster at 15.7 Mpc distance would 
‘present a line flux F, =1 x107" cms"! 
vat Earth. Although this flux is 10°° of the 
tine fluxes that can be detected by the 
satellite Gamma Ray Observatory the con- 
cept of thermonuclear reactions in dilute 
space is sufficiently fascinating to warrant 
a brief discussion. 

The total amount of hot gas around a 
galaxy cluster is still not precisely known; 
nor is its temperature distribution. 
magine for simplicity an isothermal gas 
having T= 10° K amounting to 10'* Mo 
of hydrogen of density n =4x 1073 cm™ 

` Coulomb collisions should easily maintain 
equality between electron and ion tem- 
peratures. Prior to astration®, the cosmic 
_ deuterium appears to have existed with an 
‘abundance ratio D/H = | x 107*. The reac- 
ion p+d->*He+ y will be the most active 
thermonuclear reaction in such a plasma. 

The lifetime 7,(D) of a deuteron against 
“interactions with protons can be shown‘ 

“to be 


TD) =[n 00] 
=2.8 x10" r? e7/n(cm™°)s (1) 


“where the conventional thermonuclear 
parameter r is* 7=8.018 T,'/? with the, 
ion temperature T=10 "T. If, for 
: example, T= | and n, =4 Xx 10° this life- 
‘time is 7,(D) =3. 3x10% 5. Because this 
‘time greatly exceeds the age of the Uni- 
verse there is no question of significant 
“destruction of D by this situation. 
On the other hand, the rate of y-ray 
„emission is Q, = Np/7,(D), which can be 
-rather large if the number of deuterons 
Np is 1074 N, and if the hot plasma is as 
‘massive as 104 Ma of protons. For then 
Np = 1.2 x 10°” and Q, =3.6x 107! s™'. 
This emission rate Q, is proportional to 
n,/4* 107%, to M,,/10"4 Ma, and has a 
temperature dependence inversely pro- 
portional to that of equation (1). It is the 
dependence of the emission on the proper- 
ties of the hot intergalactic gas that makes 
it interesting. Also of interest is the energy 
¿of the line feature, which occurs near the 
“sum of the mass release Amc’ = 5.493 MeV 
and the most effective thermal* energy 
-Eo = 23 keV in the ion plasma; that is E, = 
5.516 MeV. The width of the line feature 
is somewhat greater than thermal, being* 
AE) =32 keV FWHM at 7; =1. 

The flux is likely to be too small to 
: “measure, however. Imagining that hypo- 
| thetical cloud at the distance 15.7 Mpc to 
' the Virgo cluster leads to a flux F, 





Intergalactic thermonuclear y-ray line 


(Virgo) = Q,/47R?=1.2x 107"! cm? s~! 
This is 10°° of the line fluxes anticipated 
measurable by the Gamma Ray Observa- 
tory, for example, and it does not seem 
likely that a permanent low-level observa- 
tory in space can ever achieve such a low 
background level. Nonetheless it is inter- 
esting that the order of magnitude Q, ~ 

10° s~' is of the same order as the Q, 
(*Al) from radioactive °°Al in the disk of 
our Galaxy’ that was recently detected® 
by HEAO 3. The Virgo cluster is unfortu- 
nately too distant for us to detect, as are 
therefore other clusters. The contribution 
to the omnidirectional universal back- 
ground can be seen to be well beneath the 
observed continuum following the line of 
argument developed by Clayton and Silk’. 
Although this calculation therefore seems 
at first glance academic, it may be unwise 
to prejudge the scientific future of the 
unique ideas involved. 
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The transmission 
of AIDS 


SIR — Shearer and Rabson! have remarked 
that anatomical differences between the 
vagina and the rectum may in part be 
responsible for the frequency with which 
acquired immune deficiency syndrome 
(AIDS) is aquired by anal-receptive sexual 
intercourse; I wish to draw attention to 
some additional and possibly relevant 
differences between these organs. 

The mucosa of the healthy vagina is 
much less densely populated by lym- 
phocytes than that of the gut. Only occas- 
ional lymph follicles, and no large aggre- 
gates such as Waldeyer’s ring or Peyer’s 
patches, are found. In addition, to my 
knowledge there have not been described in 
the vagina specialized structures analogous 
to the intestinal M cells — membranous 
epithelial cells overlying Peyer’s patches 
which take up from the lumen, and present 
to underlying lymphoid tissue, a variety of 
antigenic materials including macromol- 
ecules and viruses??. These contrasts 
suggest that direct encounters between 
lymphocytotropic viral agents, specifically 








LAV, and their potential 
target cells, and thus infection and viral 
replication may be facilitated in the gut but 
may occur only rarely, if at all, following 
simple deposition of virus in the vagina. 

With regard to a possible role of 
semen or sperm antigens in immune 
dysregulation, it is well known that the 
intestinal tract is highly active in an 
extensive system of mucosal immunity‘. 
But little has been published on mucosal 
immunity in the female genital tract. Direct 
comparisons of antigen uptake, recog- 
nition and processing between the gut and 
the vagina do not appear to have been 
made. Limited inferences from the liter- 
ature lead me to suppose that immune 
surveillance mechanisms may operate at a 
much more restricted level in the vagina. 
The hypothesis of semen-induced immune 
dysregulation 56 should be evaluated in 
light of existing information and new data 
on reproductive/genital and lower- 
intestinal mucosal immunology. 

GERALD A. AHRONHEIM 

Ste. Justine’s Hospital and the 
University of Montreal, 
Montreal, Quebec H3T 1C5, Canada 
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Bird territory and weight 
gain 

Sik — In challenging much of the work by 
Carpenter ef al on weight gain of birds in 
relation to their territory size, Butlin? 
invokes the possibility that the rate of 
weight gain is related to the bird’s body 
weight, that is M = kM, where M is the 
weight of the bird and k is a constant. 
This translates to A M/M = k At, which 
integrates simply to In M = kt + C where? 
istime and Cis a constant. Rearranging this 
expression gives M = e¥ * ©, 

With the realistic assumption that M = 0 
at ¢ = 0, that is at or before conception, we 
have C = - œ, the modulus of which is 
substantially greater than kt except after an 
infinite time. For all practical timespans 
this results in M = 0. 

The consequence of this is that the bird 
has zero weight until an infinite time has 
passed whereupon it grows at an 
exponential rate — although by that time it 
probably wouldn’t notice the difference. 
Of course, we can juggle the boundary 
condition to achieve more sensible answers 
but we still have unstoppable exponential 
growth predicted by the model. 

R. WHITTINGTON 
Hunters Way, 
Bunkers Lane, 
Rookley, 
Isle of Wight, UK 
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Many attempts have been made to trace increases in global pollution from the record of impuri 
preserved in polar snow and ice layers. Although inadequate sampling and analysis techniques hav 
hampered some of the studies, others have improved uniquely our understanding of the history of 


changes in airborne pollution. 
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POLAR ice sheets of Greenland and Antarctica have preserved 
a unique and dateable record of the past composition of the 
Earth’s atmosphere. This record, which in places may extend 
for 500,000 years, contains information about climate and about 
environmental events such as volcanic activity. The more recent 
layers of ice preserve evidence for changes in large-scale air 
pollution’. 

Useful information is contained in three distinct chemical 
forms: (1) the stable isotope composition of the snow itself is 
determined by climatic factors; (2) airborne particulates, which 
include species such as heavy metals and sulphate, become 
trapped in falling snow or impacted on the snow surface; (3) 
as each snow layer sinks into the ice sheet, it compacts to form 
solid ice with enclosed air bubbles. These bubbles contain a 
sample of atmospheric gases. 

Both particulates and gases will include pollutant species. 
Over large areas of the polar ice sheets where there is no melting, 
the chemical composition is preserved as the snow layers build 
up. Provided that whatever is incorporated in the ice sheet is 
representative of the atmosphere at a particular time, it is poss- 
ible, by drilling into the ice, to obtain a record of past atmos- 
pheric composition. 

In comparison with other sedimentary records, such as peat 
bogs and lake sediments, the ice sheets are particularly well 
resolved over the time-scale involved in pollution studies. A 
metre or more of snow accumulates each year at some sites. 
The polar regions are remote from local pollution sources, so 
that levels measured there represent large-scale averaged values. 
A comparison of present-day concentrations with natural, pre- 
cultural levels found in older snow may suggest both the extent 
and dispersal mechanisms of a pollutant. 

Several gaseous and particulate pollutant species have been 
studied, mainly in Greenland and Antarctica. We describe here 
the information obtained and discuss the difficulties which have 
made much of the data unreliable. 


Gases 


Climatic change and gas content. Studies on polar ice cores have 
enabled the reconstruction of time series of climatic change in 
parallel with records of associated changes in the composition 
of the atmosphere. Comparison of the two records may help to 
elucidate whether they are linked causally. For example, 
evidence for the warming effect due to increasing levels of the 
‘greenhouse’ gases such as CO, and CH, may be documented 
uniquely in the ice sheets. These effects can be viewed against 
the perspective of purely natural changes in the atmosphere 
which have occurred in earlier millennia. 

Evidence for past temperature is recorded by fluctuations in 
the stable isotope content of the ice. The ratios of both '*0/'°O 
and D/H are controlled primarily by the temperature at the 
time when the ice was deposited as snow. Seasonal changes can 
often be identified for several hundred years, allowing an ice 

















































core to be dated stratigraphically and longer-term variations are 
indicative of past climate. Several deep ice cores from Antare- 
ticat and Greenland’ have shown a marked transition in the 
oxygen isotope content between 15,000 and 11,000 years ago. 
This was associated with an inferred temperature rise of ~7 °C 
at the end of the Wisconsin glaciation. A record extending to 
earlier ice ages should soon be available from central Antarctica 
where a borehole at Vostok station already penetrates through 
the Eem interglacial. 

The past composition of gases in the atmosphere can be 
measured directly in air bubbles trapped in the ice. The age of 
this sample of the atmosphere, however, is not generally the 
same as that of the ice in which it is trapped. In the absence of 
melting, the air bubbles in ice become sealed off only at dept 
(typically 60-70 m). Therefore, the trapped air may be consider- 
ably younger than the ice in which it is enclosed. Because the 
pores do not close simultaneously, the bubbles at a particular 
depth contain air trapped at different times, which could restrict 
severely the resolution of a pollution record. At the best sites, 
with high accumulation and minimal melting, the age of 80% 
of the trapped air will fall within ~20 years. Methane has been 
measured’ at one such site (Dye 3, Greenland), but a well- 
resolved record for CO, is still awaited. 

Methane. Measurements in a core from Dye 3, Greenland’, 
showed a constant pre-industrial methane concentration of 0.70. 
parts per million by volume (p.p.m.v.), similar to other values: 
reported in Greenland? and Antarctica*’. Five samples from 
AD 1650 onwards showed’ an accelerating increase to. 
1.26 p.p.m.v. (sample date 1960), which agrees with some 
measured atmospheric concentrations in the 1960s (Fig. 1) 
There is, however, controversy'° as to how large atmospheric. 
increases have been since 1948, Present-day concentrations are. 
about 1.6 p.p.m.v. An earlier suggestion? that low values. from 
ancient ice could be the result of partial oxidation of CH, to. 
CO within the ice is now discounted’, but it has been suggested 
that a diffusive loss mechanism could be responsible'®. A 

If the increase seen in the ice cores is a genuine reflection of: 
change in the atmosphere, it is more probably due to sources 
under human control, such as an increasing population of cattle- 
and of rice paddy fields", rather than to increases in industrial 
emission rates. The increase could have been responsible for a. 
greenhouse warming of 0.23°C to date’. This conclusion is. 
tentative until the true significance of the changes in methane. 
concentration with ice depth can be elucidated. 
Carbon dioxide. Most studies to date have examined several- 
thousand-year-old ice and have revealed a large and rapid 
increase from about 200 p.p.m.v. at the end of the Wisconsin 
glaciation to ~260 p.p.m.v. in the Holocene'*'*. A series © 
rapid changes of CO, concentration’* (60 p.p.m.v. in time scales 
of the order of one century) in the Wisconsin glaciation are well _ 
correlated with climatic changes deduced from stable isotope 
records. It is still not clear whether the CO, changes are a cause 
























































een developed to explain such a rapid change in CO, (refs 16, 
; CO, forcing could be an important amplifying factor in 
these fast climate variations'®. These studies provide a better 
erspective for assessing the significance of modern increases 
n CO, concentrations. 

<The initiation of an increase in CO, concentrations in the late 
ineteenth and early twentieth centuries has been observed in an 
ntarctic ice core'*, The few data available for ice only a few 
centuries old'*"'*'° suggest that the pre-industrial CO, con- 
centration was 260-270 p.p.m.v. (Fig. 1), a value in the range 
dndicated by other, less direct, methods, but significantly smaller 
than values that have been used generally”? for modelling recent 
CO, increases. Present-day air contains about 30% more CO). 
Early studies of CO, concentrations in air bubbles in ice were 
hampered both by contamination and inadequate extraction 
techniques. Two groups have developed dry extraction tech- 
niques that seem to give good agreement’? in a comparative 
study. A new technique”', however, gives consistent absolute 
values as high as 283 p.p.m.v. for the pre-industrial concentra- 
tion, reopening the need for further comparative studies and 
suggesting that absolute values are still in doubt. 

- . Simple models lead to an overall CO,-induced temperature 
ise of about 0.6 °C to date if the lower pre-industrial concentra- 
‘tion is assumed, The increase would be reduced by nearly a half 
‘if this concentration was as high as 290 p.p.m.v.2?. Natural 
temperature fluctuations would have obscured a change of this 
‘magnitude in instrumental records. 


Particulate material 


nlike gases, particles are not well mixed in the global atmos- 
here. Whereas the atmospheric residence time for gases like 
‘0, is typically several years, particles are transported mainly 
n the tropospheric circulation where the residence time lies in 
he range of weeks to a few months. Moreover, movement in 
the troposphere is restricted by circulation blocking systems at 
he Equator and at the polar convergence zones. Differences in 
now composition between Greenland and Antarctica must 
therefore be expected because of the proximity of Greenland 
o other continents, sources of natural particulate material. In 
ddition, 90% of industrial activity is in the Northern Hemi- 
phere” and the heavily industrialized areas of North America 
nd Europe are relatively close to Greenland. Antarctica is 
jurrounded by the southern ocean and a strong zonal air circula- 
on pattern which is shielded from the mid-latitude circulation 
by the polar front. The Greenland atmosphere is therefore likely 
oO receive a greater input of both natural and anthropogenic 
particles than that of the Antarctic, reflected in the snow con- 
centrations of many species. 

_ Profiles of impurities in snow are generally interpreted simply 
in terms of temporal changes in the atmospheric aerosol. The 
validity of this interpretation depends on the mode of incorpor- 
ation of particles into the snow~*. Fortunately, the few studies 
here air and snow concentrations have been compared have 
Suggested that, within limits, there is a broadly linear relation- 
hip for a range of heavy metals and other trace elements” ?$, 
but in only three of these studies??? (and for a few elements) 
were air and snow sampled simultaneously. In all cases, the 
data refer to averages over days or weeks; the heavy metal data 
in both air and snow in some studies” are probably erroneously 
high or given as upper limits’®. Therefore, the relationship 
etween air and snow concentrations of many elements over a 
ange of time scales requires considerably more investigation. 


leavy metals 


leavy metals are often defined as any metals with atomic 
umber greater than that of iron. The eleménts we are concerned 
ith have also been referred to as ‘anomalously enriched ele- 
ents’ (AEEs) and as ‘toxic metals and metalloids’. These 
ements ate emitted industrially in large quantities”, are 
persed widely in the environment” and many are potentially 


atic change, but oceanographic models have. 
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Fig. 1 Changes in atmospheric CH, (ref. 7) and CO, (refs 18-19, 

21) with time, measured in air bubbles trapped in polar ice. Solid 

bar, pre-industrial Holocene average concentration of CH,; two 

dashed bars, the range of pre-industrial values for CO; crosses, 

CH, concentrations measured in Greenland ice; square (CO) 

and circle (CH,), present-day concentrations measured in the 
atmosphere. 


harmful in very small concentrations. Although many data have 
been published, at the miniscule (<1-200 pg g~') concentrations 
in polar snow, successful analysis has often been hampered by 
contamination problems, hence, most of these data have been 
questioned?! ??., 

It is important, therefore, to describe the conditions necessary 
for accurate and clean sampling and analysis and to pinpoint 
the reliable data. This should enable workers outside the 
immediate field to assess the validity of particular datasets. 
Sampling and analysis. After a suitably remote sampling site has 
been found, all possible precautions must be taken against 
contamination, both in the field and laboratory. Sampling and 
clean-room techniques, suitable materials for tools and contain- 
ers and scrupulous cleaning techniques have been described in 
detail elsewhere?’ -> 

Samples have been taken from the snow surface***47"*" from 
trenches? and pits*'“** (which at low snow accumulation sites 
have penetrated a century of snow*'-*”), from an inclined shaft?” 
and from blue ice areas, where ancient ice has been re- 
exposed*!-*?-“*_ In addition, various types of drill have been used 
to recover ice cores. Most samples, and particularly cores, are 
inevitably dirty on the outside, so that a subsequent clean-up 
or sub-sampling is essential*”. This may be more or less effective 
depending on the extent of penetration of contamination from 
the surface. 

It is now considered essential that successive sub-samples 
from the outside surface to the centre of a sample should be 
analysed*'*** to show how far external contamination has 
penetrated to the centre. Only if a concentration plateau is found 
can data obtained from central areas of a sample be accepted. 
Using this approach, Ng and Patterson” showed that cores 
drilled using both thermal drills and electromechanical drills 
with drilling fluid are unsuitable for low-level heavy metal 
analysis, however stringent the subsequent clean-up. Satisfac- 
tory shallow cores have been obtained using a pre-cleaned 
polycarbonate auger’'. The temperature at which cores are 
stored may influence crucially the rate of penetration of contami- 
nation. It is probable that cores drilled at sufficiently cold-field 
sites with an Al drill may also be suitable**. 

Precleaning procedures, involving rinsing off the outer layers 
of a sample with pure water”, have been used on solid ice but 
are probably unsuitable***’. Two dry methods have been used 
satisfactorily: (1) successive veneers are chiselled from the 
sample of firn or ice until an uncontaminated central area 
remains*'*>-*: (2) a PTFE tool is used to remove a small 
sub-sample from the centre of a firn sample*™*. 


























Fig. 2 Lead concentrations in Greenland snow”. 


Several analytical approaches, including isotope dilution mass 
spectrometry (IDMS), have been used for Pb analysis*!>**5. 
This method is highly sensitive and absolute, but is also time- 
consuming, expensive and requires many stages of wet- 
chemistry. Anodic stripping voltammetry*’***? (ASV) and 
flameless atomic absorption spectrometry (FAAS) following a 
pre-concentration have been used for a range of metals. Pre- 
concentration onto tungsten wires’°**°° uses smaller samples 
(~30 30 g) and is faster than evaporative pre-concentra- 
tiont?4244-46.5152 but cannot be used below pH 3. Instrumental 
neutron activation analysis (INAA) has been used mainly for 
Hg analysis™-55, 

Analyses have been carried out under a range of conditions, 
from full acid digestion*'** to analyses at pH 3 (refs 26, 34, 39, 
48). The probable form of industrial metals reaching the polar 
regions suggests that most metals will be analysed even under 
the milder conditions™, but care must be taken when comparing 
analyses from different methods. This is particularly important 
for older snow, where a high proportion of the metal may be 
in natural alumino-silicate based material. 

Despite all precautions, procedural blanks must be deter- 

mined”. Only a few workers*'3*35° have measured exactly 
how much contamination is added at each stage of their pro- 
cedure and reported profiles showing how far superficial con- 
tamination has penetrated towards the centre of a sample. 
Without such a record, other data are hard to assess. 
Lead in Greenland and the Arctic. In a pioneering study, 
Murozumi et al? analysed for Pb in various samples from 
Greenland (Fig. 2). A few of the samples may contain contami- 
nation, but despite some criticism of the interpretation®®°*°’ 
the results have been largely unchallenged. 

The low value for old ice? has since been confirmed at Camp 
Century where a core sample several thousand years old con- 
tained 1.4 pg g`' at the centre*’. This value probably still includes 
some contamination. 

Average concentrations in modern snow? in the range 150- 
250 pgg ' have been confirmed at sites in Greenland tt, 
Alaska and the eastern Arctic Ocean??. Lead (in common with 
several other elements) exhibits a distinct winter maximum, 
corresponding to a period when atmospheric conditions favour 
the input of pollutants from Europe™. Much higher reported 
concentrations*? must be erroneous” . The suggestion®' that it 
is the lower values**** which are wrong runs strongly against 
the consensus. Data for old ice obtained by thermal drilling” 
must now be dismissed”. 

In summary, Pb in Northern Hemisphere polar snow seems 
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Fig. 3 Lead concentrations in snow from Greater Antarctica? 35, 


Three depths where limited melting was observed have been 
excluded. 















to have an average present-day concentration of ~200 pg g7 
with a late summer minimum of about 13 pg g™! (ref. 39). By 
contrast, several-thousand-year-old snow contained at most 
1.4 pgg ' Pb. The exact time-course of this increase (see Fig. 
2) has yet to be confirmed. There is some evidence” that corre- 
sponding increases in the air may have been somewhat smaller 
than changes observed in the ice, because of preferential depos 
tion of particles containing anthropogenic lead. 
Lead in Antarctica. Successive veneers from cores drilled with 
a polycarbonate drill and from a block of blue ice from Greater 
Antarctica have been analysed recently”! . Some samples showed 
signs of limited melting and the remaining centre-core data are 
shown in Fig. 3. For some of the samples, cross-core contamin 
tion profiles clearly showed a plateau; for others the situation 
was less clear. Assuming the data in Fig. 3 are all correc 
however, it is not clear whether the variations are due to as yet 
unidentified natural sources such as volcanism*', or wheth 
they represent a small anthropogenic increase. The value for 
ancient ice? may still include contamination, as the across- 
core profile does not show any plateau when plotted on a 
logarithmic scale**. In a study supported also by full procedure 
blanks and contamination profiles, a value of 6 pgg 
reported for modern snow’. Although this was at a much high 
accumulation site in the Antarctic Peninsula, this is in good 
agreement with the data of Boutron and Patterson*!, This 
recent work invalidates much of the previous Pb 
da ta 26,33,41 ,42,44,45,48,52,59,62-65 for Antarctica. 
Although the newer data are a great improvement on earlier 
studies, uncertainty in some values, particularly for ancient ice, 
means that any anthropogenic increase could still lie anywhe! 
in the range 1-40-fold** with smaller values probably still 
favoured**. The best available data are summarized in Table I. 
The much larger modern increases in Pb concentrations in 
Greenland snow compared with Antarctic snow reflect the fact 
that 90% of anthropogenic emissions occur in the northern 
hemisphere”. 
Other heavy metals in Greenland and the Arctic. (1) Hg. The 
most recent data% gave values of 2-15 pgg`', with no trend 
between 1927 and 1971. These values are considerably lower- 
than earlier ones**°**’, but may still include contamination*. 
(2) Cd, Cu, Ni. For these elements, the best available data are 
from a study of near surface snow in the eastern Arctic Ocean”? 
where annually averaged values of Cd (5 pg g`'), Cu (97 peg =j 
and Ni (195 pg g``) were found and values observed which were 
one order of magnitude lower than this in snow that fell in late 
summer. These lower values were suggested to be the maximum 
possible pre-industrial contribution”. Some similar concentra- 
tions of Cd and Cu have been reported i in Greenland*?*-* but 
higher reported values probably result from contamination”. 
There are no reliable data for these elements in old snow and 
ice. (3) Zn. For surface snow, Zn concentrations around 
200 pgg”' have been reported*® 43-44 Herron et al” reported 
77 pg g | in pre-industrial snow in Greenland, but this certainly 













































clu : ination. (4) Ag. M once 
ns in the range 6-13 pgg ` have been reported“ from 
entral Greenland, though values as low as 1.2 pg g’ were found 
n mid-summer at Dye 3 (ref. 28). There are no reliable values 
for ancient ice. 

Other heavy metals in Antarctica. (1) Hg. At Mizuho station, 
‘increases in Hg concentrations from <1 pgg™' in some older 
samples ( ~ 900 years old) to more than 20 pg g`’ in some recent 
samples were reported®, The elevated concentrations, 
however, seem to extend up to two centuries into the past. Taken 
together with the fact that associated Pb concentrations are too 
< high, we believe these Hg data are erroneous. (2) Cd, Cu, Zn. 
-In a study with full procedural blanks and cross-core contamina- 
tion profiles, values for surface snow of Cd (0.26 pgg™'), Cu 
(1.8 pg g`') and Zn (3.3 pg g`’) were obtained**. Although these 
are for a few weeks’ snow at a high accumulation Antarctic 
Peninsula site, these values are probably reasonably representa- 
tive’. All earlier reported concentrations™® #1 -4244-45,59,62,63 are 
now thought to be wrong*?**. The most recently published data 
for ancient ice*® give values an order of magnitude larger than 
the new modern snow values. However, contamination has 
“probably influenced these data**. We conclude that there are 
no reliable data for these elements in ancient Antarctic ice. (3) 
Ag. Concentrations in the range 0.3-8 pg g™', with no obvious 
“increase with time since 1894 (ref. 69), have been reported for 
“a number of Antarctic sites”? Slightly higher values have also 
been reported*!?-*°, 

Enrichment factors. Measurements of heavy metal concentra- 
tions in air and in both fresh and marine water environments 
‘in remote areas of the earth’'~”? have shown often large factors 
sof enrichment compared with elements of exclusively crustal 
origin. Studies on Antarctic air’* have generally paralleled the 
findings from snow, showing a tendency for increasing degrees 
-of enrichment with increasing elemental volatility. 
Examination of all the data now available for polar snow, 
_ however, suggests that contamination has played an important 
„role in elevating the crustal enrichment factors (EFs) of most, 
if not all, of the heavy metals determined in snow (Table 1). 
The most reliable studies are now suggesting that some elements 
for example, Cu, Pb, Zn) in ancient ice have EFs between 1 
nd 10. 

Very much reduced EFs have also been reported recently for 
heavy metals in Antarctic air?’. We suggest this may be the trend 
<in other remote environments and that the concept of large 
“natural enrichments may no longer be required to explain newer 
less-contaminated data. 













Other particulates 


Radioactive debris. High concentrations of B-radioactivity can 
“be identified in snow layers of the polar ice caps which corre- 
‘sponded to known nuclear weapons tests in the atmosphere”. 
: Natural tritium is estimated to have had an activity (at the time 
of precipitation) of 26+3 TU at the South Pole in the period 
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Fig. 4 Record of total B-radioactivity at South Pole 1950-1978 
(ref, 25). The bars show the yields of major series of atmospheric 
nuclear tests*'. Latitudes of emission: solid 2° N-30° S (UK 1956- 
58, USA 1962, France 1968 onwards); hatched 10° N-40° N (USA 
1952-58, China 1967 onwards); white 75° N and other USSR sites. 


1939-42 (ref. 76). At its peak in 1966, the activity was 2,000 TU 
(ref. 77). Detailed chronologies have been described from both 
hemispheres, for total B-radioactivity?>”* (Fig. 4) (due mainly 
to Sr and '*’Cs), and for tritium’®’"*'"** derived from bomb 
tests. Particular layers such as those corresponding to the Castle 
tests in 1954 have been used extensively as reference horizons 
for the dating of snow*’**. The profiles have also been used to 
determine other meteorological parameters, such as the strato- 
spheric residence time***° of nuclear debris. 

Specific isotopes have been studied to investigate individual 
events. The burn-up, in 1964, of a satellite (SNAP-9A) is clearly 
seen in ***Pu profiles in both hemispheres, Similarly, 
increased ratios of **U/8U at Dye 3, Greenland, were 
attributed’! to debris from Cosmos 954, which burnt up over 
Canada in 1978. Tests of nuclear weapons carried out at oceanic 
sites in the 1950s appear in profiles of CI (produced from 
seawater chlorine) at Dye 3 (ref. 92). In 1960, °°CI concentrations 
were 100-fold greater than pre-bomb levels. 

Several other artificial radionucleides occur in both hemi- 
spheres***°, interpreted in terms of particular types and sizes 
of weapon tested. A comparison of profiles from the northern 
and southern hemispheres helps to pinpoint the location of the 
tests. 

Organochlorine compounds. We assume that DDT, polychlori- 
nated biphenyls (PCBs) and related compounds were non- 
existent in pre-cultural air and snow. 

The first values reported for DDT in Antarctic snow” were 
much higher than those reported later**** (0.1-4.0 x 107"? g g7! 
for DDT and metabolites). The ratio of DDT concentrations in 
snow to those in penguins was consistent with those expected 
for animals in equilibrium with their environment”*. Concentra- 















Table 1 Most reliable concentrations of heavy metals reported in polar snows 
Concentrations (pg g`) 
Location Cadmium Copper Lead Mercury Nickel Silver Zinc 

Modern Greenland or 

Arctic Ocean snow 5 (ref. 39) 97 (ref. 39) 200 (ref. 33) 10* (ref. 55) 195 (ref. 39) 10* (ref. 40) 200 (ref. 43) 
Ancient Greenland ice ? ? 1.4* (ref. 35) g ? ? <77* (ref. 43) 
Modern Antarctic snow 0.26 (ref. 34) 1.8 (ref. 34) 5 (refs 31,34) 10* (ref. 63) ? 0.5 (ref. 69) 3,3 (ref. 34) 
Ancient Antarctic ice ? ? 1.2* (ref. 31) 2* (ref. 63) ? : iá ? 
Concentration expected with 

:ÆEF= lf and Al= i ng g` 0.0024 0.67 0.15 0.001 0.91 0.0009 0.85 











factor 
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* Upper limit, value very uncertain. | Average crustal compositions from ref. 71. 1 ng g`’ Al is reasonable for many Antarctic sites; Enrichment 


[X] now [X]erust 
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where [ ] are the elemental concentrations in snow and in average crustal rock. ? Values unknown. For ancient Greenland ice, values of at most 
0.4 pg g7' (Cd), 13 pgg`' (Cu) and 22 pg g™' (Ni) can be inferred from modern seasonal minima”. 
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Table 2 Sulphate concentrations in: 





Modern snow 


Analytical Range of Concentration of Range of Concentration of 
Site technique Ref. years sampled SO2> (ngg ò years sampled soi mgg i) 

GREENLAND 
Camp Century A 117 pre-1930 81 1964-65 

A H8 Holocene average 81 — 

C 104 1788-1800 42 1976-77 
Milcent A 43 1170-1886 gi 1972-73 
North central c 104 1442-506 80 1973-77 
Dye 3 A 119 1252-1820 56 1970-7 

A 66 1807-1915 74 1966-71 
(Dye 3 area) B 120 1680-1845 47 1974-75 

Cc 104 1539-1891 22 1975-81 
ANTARCTIC 
Dome C B i 1880-1920 85 1970-78 
Dumont d'Urville to Dome C B 121 1977-75 
Vostok A 122 197) 
Byrd Station A #17 1724 78 = 

A 118 Holocene average 6i — 

C 104 — — Modern 
Ross Ice Shelf C-16 Cc 104 1590-1598 84* 1971-77 
Ross Ice Shelf Q-13 E 104 1590-1598 98* 1973-77: 
South Pole B 121 1968-74 

E 104 Modern 

£ 100 1959-69 


* Includes marine aerosol sulphate. Analytical methods: A, barium chloranilate; B, lead electrode; C, ion chromatography. 


tions of PCBs reported at the same time were probably derived 
partially from activities at a nearby base”. Recent measure- 
ments” of DDT and metabolites (9-17x107'5 g g7’), PCBs 
(0.16-1.0x107'*gg7') and HCHs (hexachlorocyclohexane 
isomers) (1.5-4.9x107'? g g`!) in snow from near Syowa and 
Mizuho stations showed no significant difference between 1960 
and 1980 snow. The new, lower DDT concentration leaves the 
true value in some doubt. 

As DDT has been largely phased out in the Northern Hemi- 

sphere, but not yet in the Southern Hemisphere, a comparison 
of detailed profiles from the two hemispheres should reflect the 
circulation of this chemical. 
Acidity. Studies of the acidity of polar snowfall are of value for 
assessing the relative importance of natural and anthropogenic 
emissions to the global atmospheric cycle. Evidence for the 
background acidity of precipitation has been reviewed in detail 
elsewhere”. The mineral acids H.SO, and HNO, are major 
impurities in polar snow and are probably dominant in the 
interior of Antarctica, remote from primary aerosol sources. H* 
(or pH), sulphate and nitrate have all been measured in polar 
snow. 

Nevertheless, there are still few reliable data on the acidity 
of polar snow, mainly because the concentrations of soluble 
impurities are very low and measurements are sensitive to con- 
tamination by traces of alkaline dusts and gases”® during sample 
handling and analysis. It is only since the advent of ion 
chromatography” and acid titration techniques” that satisfac- 
tory ionic balances have been achieved'®°. Hence, caution must 
be taken when comparing absolute values obtained by different 
methods. pH measurements are intrinsically insensitive to 
monitoring absolute changes in acidity and difficult to measure 
accurately in samples of very low ionic strength. 

A very rapid method for profiling changes in acidity along 
ice cores records the electrical conductivity between two elec- 
trodes scratched along the surface of the ice'™-!%, The acidity 
is generally related simply to the observed conductivity and the 
method has been used successfully to identify specific acid 
horizons linked with explosive volcanic events. Eruptions in the 
Northern Hemisphere are particularly well recorded in the 
Greenland Ice Sheet!™’, where it has been possible to reconstruct 
the chronology of major volcanic events during the past 10,000 
years. These studies have also given much new information on 
the type and intensity of the eruptions. This method does not, 
however, provide an accurate absolute measurement of the acid 
concentration and is therefore not suitable for studying trends 
in acidity such as those linked with industrial emissions. 

Table 2 extends Herron’s listing'™ of sulphate data for both 


ancient and modern polar snows. It excludes data that are 
unrepresentative because they cover a few days snowfall 
only? 


%.195 appear contaminated or were obtained from sites 





















close to the sea'°*'°®, Taking the data as a whole it seems that 
there has been an approximately threefold increase in non- 
marine sulphate concentration in Greenland snow this century, 
For the same period, Herron'™ has reported a doubling in 
concentration of nitrate at three Greenland sites. These results 
are qualitatively consistent with an observed decrease of pH: 
during the last 26 years of 0.007 pH units per year in snow from 
the Canadian Arctic'”’. The trend probably parallels increasing 
long-range transport of products of combustion of fossil fuels. 
Note that no systematic increase in acidity since 1850 was 
observed in meltwater conductivity measurements!’ or from 
scratch conductivity measurements'” on an ice core from Crete, 
Greenland. This discrepancy may reflect some residual analyt 
cal difficulties and underlines the need for a continuous time 
series of absolute acidity data from an uncontaminated, remote 
site. 

The sparser time-series data for sulphate in Antarctica show 
no systematic increasing trend although there are large fluctu 
ations during the last 100 years which seem to be linked with 
major volcanic eruptions in the Southern Hemisphere'''. Back- 
ground sulphate concentrations in central Antarctica almost 
doubled in the years following the eruptions of Krakatoa (1883) 
and Mt Agung (1963) and volcanic activity probably accounts 
for one third of the total sulphate content of Antarctic snow 
during the last century. These findings have been confirmed by 
acid titration” of strong acids in snow at both Dome C and the 
South Pole where no trend was observed over the last 20 
years®®!!?, The background acidity is dominated by H,SO, 
which is probably mainly a product of the oxidation of sulphur 
compounds generated biologically over the surrounding 
oceans®”''', There is, however, no satisfactory explanation for 
the significant concentrations of HNO . A connection with solar. 
activity and supernova has been proposed''*''* but the data 
supporting of this hypothesis have been questioned?”!™*''5. The 
negligible influence of long-range transport of industrially 
derived acids to Antarctica probably reflects the fact that 94% © 
of anthropogenic sulphur is emitted in the Northern Hemi- = 
sphere'’®, i 


Conclusions 


Studies on polar snow and ice during the last 15 years have: 
revealed their enormous potential for improving our understand- 
ing of the history of large-scale changes in airborne pollution.. 
Evidence for a twofold increase in the concentration of methane 
in the atmosphere has been documented over the period since: 
1650, but its interpretation in terms of increases in sources 
under human control is still controversial. A pre-industrial « 
CO, concentration of 260 p.p.m.v. has been determined, com- 
pared with a present-day concentration of 340 p.p.m.v. The 

































































































= Concentrations of sulphate and nitrate in Greenland snow 
‘have increased threefold and twofold respectively in the last 
century. In contrast, no recent increases have been detected for 
these acidic species in Antarctica. This reflects the geographical 
pattern of industrial emissions and the restricted movement of 
tropospheric aerosols between the hemispheres. Similarly, much 
larger surface snow concentrations of heavy metals are found 
in Greenland than in Antarctica. Apart from data for Pb in 
‘Greenland, however, which show an increase of at least 100-fold 
since 800 Bc, there are no reliable data for heavy metals in 
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ancient ice in either hemisphere, so anthropogenic trends cannot 
yet be estimated. 

Despite sustained effort, only recently have experimental 
methods improved sufficiently to monitor reliably the extremely 
small concentrations of pollution transported to these remote 
areas. It is now possible to identify the broad characteristics of 
change between natural, pre-industrial conditions and those of 
the present day. Future work of increased accuracy will be 
required in order to develop detailed time-series from the polar 
ice sheets. These are required urgently to test models of the 
global circulation of pollution. 
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Dr C. Boutron, for many constructive criticisms. 
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Lower mantle heterogeneity, dynamic topography 
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Density contrasts in the lower mantle, inferred using seismic tomography, drive viscous flow; this results in kilometres of. 
dynamically maintained topography at the core-mantle boundary and at the Earth’s surface. The total gravity field due. 
to interior density contrasts and dynamic boundary topography predicts the longest-wavelength components of the geoid 
remarkably well. Neglecting dynamic surface deformation leads to geoid anomalies of opposite sign to those observed. 





THE LONGEST-WAVELENGTH components of the Earth’s 
gravity field have been known for more than two decades from 
satellite geodesy'? but there have been few observational con- 
straints on the density anomalies causing them. Developments 
in seismology and theoretical geodynamics, until recently separ- 
ate branches of geophysics, give new insight into this classical 
problem. 

Seismological studies of lateral heterogeneity have determined 
the longest-wavelength components of seismic velocity vari- 
ations in the lower mantle*~®, These velocity variations presum- 
ably would be proportional to density variations if both were 
the result of temperature differences associated with mantle 
convection. But these inferred density variations are, in fact, 
negatively correlated with the observed geoid, apparently 
contradicting the convection hypothesis. 

Geodynamic theories of the Earth’s gravity field show, 
however, that a negative correlation is not unexpected in a 
convecting Earth, because of the counteracting effects of 
dynamically supported surface deformations on the gravity 
field’. For example, hot upwellings in the mantle cause uplift 
of the Earth’s surface and of the core~mantle boundary. This 
dynamically maintained topography has a strong effect on the 
gravity field. For a given interior density structure, the total 
gravity field (including the effects of surface deformation) 
depends on the viscosity structure and on the presence or 
absence of chemical stratification in the mantle*° 

Our main conclusion is that the longest-wavelength com- 
ponents of the residual geoid can be predicted from the seismi- 
cally-inferred density contrasts in the lower mantle using 
dynamic response functions for mantle convection with a moder- 
ate increase in viscosity with depth. The inferred long- 
wavelength temperature differences are of the order of +20 °C, 
with hot lower mantle underlying hotspot provinces at the 
Earth’s surface. The inferred deformation of the core-mantle 
boundary is ~3 km. 

It is possible to predict accurately the longest-wavelength 
geoid using the lower mantle seismic results and mantle flow 
models which include the effects of possible chemical stratifica- 
tion at the 670-km seismic discontinuity or with models which 
assume mantle-wide flow. Mantle-wide flow and stratified flow 
can, in principle, be distinguished on the basis of predicted 
dynamic topography at the Earth’s surface. This dynamic 
topography, of the order of | km, is of opposite sign for the two 
styles of flow. Although incomplete knowledge of global 
dynamic topography and possible masking effects of dynamic 
topography because of upper mantle heterogeneities complicate 
interpretation, approximate agreement between model predic- 
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tions and observations of topographic anomalies is suggestive 
of mantle-wide convection. 


Seismic velocity structure 


We describe here two independent methods to invert similar. 
International Seismological Centre (ISC) P-wave travel-time 
residual data sets for the velocity structure of the lower mantle. 
The first method, Dz (from Dziewonski*), involves expressing — 
velocity perturbations êV in terms of smooth functions— 
Legendre functions in radius r and spherical harmonics in 
colatitude 0 and longitude ¢: 
K L l 
V(r, 8,9) = 2, PA R? f(r) (Al cos mp 
k=0 l=0 m=0 


+,B7" sin me) Pi" (cos 0) 


Some 500,000 travel-time residuals for teleseismic arrivals from 
5,000 earthquakes were. used in an iterative least-squares pro- 
cedure to derive the coefficients A and B for K =4 and L=6, 
for 245 coefficients. 
The second tomographic method (CC, from Clayton and 
Comer”) is an iterative back projection of travel-time residuals. 
along ray paths. The mantle is discretized into 29 spherical: 
shells, each 100-km thick, with each shell divided into 1,676 
cells ~500 km on a side. At every iteration, the slowness (1/ V) 
perturbation, ôS; in the ith cell is incremented by 


M 
P Ckiôtk/ Ly) 


M 
w+ x lki 
k=l 


where, for the kth ray, 5t, is the residual relative to the preceding 
iteration, L, is the total ray length, lą; is the ray length in the 
cell (which may be zero), M is the total number of rays and u 
is a damping parameter. The procedure converges to the smallest 
ôS; in the sense of a Euclidean norm, where the cells intersected 
by more rays are given greater significance than others, that 


minimizes 
K N 2 
2 [(sn- x Wêsi) 1a] 
k=1 i=l 


Here, N is the total number of cells, K is the total number of 
rays and ôt, is a residual relative to the (spherically symmetric) 
starting model. 

Each inversion method has advantages and disadvantages. 
Method Dz gives a direct global inversion for the long 
wavelength features of interest for comparison with the geoid 
and provides a resolution matrix with formal uncertainties. It 
is a low-order polynomial fit to sparse data, allowing model 
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lowing rapid radial variation of the model. Method CCE allows 
detennination of finer structure and provides a simple visualiz- 
ation of those regions not covered by rays, making it easy to 
< see regions that are not constrained by observations. It does 
not, however, provide formal uncertainties. Because it is expan- 
ded ultimately in terms of spherical harmonics for comparison 
with the gravity field, it shares the problem of how best to 
interpolate into regions not well constrained by observations. 
We derive the spherical harmonic expansion coefficients used 
-here with a least-squares fit to the blocks in a given layer. 

At this stage, the primary limitations for both approaches are 
the non-uniform distribution of ray coverage brought about by 
both the uneven distribution of sources and receivers and noise 
in the travel-time data. It is encouraging that the two methods 
agree in the longest-wavelength components of velocity 
anomalies (= 2-3), although the agreement is poor at shorter 
wavelengths (1=4). We confine our interpretation to those 
< wavelengths where the methods agree, justified in part by the 
fact that at these wavelengths the seismic models can predict 
the geoid if dynamic effects are taken into account properly. 












Generation of geoid anomalies 


. Although on short time scales the mantle behaves as an elastic 
solid, it is recognized commonly that on geological time scales 
it behaves as a viscous fluid, responding to stresses by slow 
creeping flow. Less commonly recognized is that the flow result- 
_ ing from interior density contrasts (such as those inferred from 
studies of variations in seismic velocity) leads to deformation 
_ of the Earth’s surface, the core-mantle boundary and any other 
boundary in chemical composition which may exist in the 
mantle’. This boundary deformation occurs on the same time 
scale as postglacial rebound, short compared with the time it 
takes for the position of the interior density pattern to change 
` appreciably". Thus, boundary deformation can be taken to occur 
instantaneously from the standpoint of mantle convection. 
The total geoid anomaly observed at the surface is the sum 
--of the opposing effects of the interior density contrasts driving 
_ the flow and the mass anomalies caused by boundary deforma- 
` tions resulting from the flow. The amplitudes of the boundary 
_, deformations, and hence the sign and magnitude of the total 
: geoid anomaly, depend on the distribution of viscosity with 
-depth and the presence or absence of chemical stratification®"'°. 
- We use spherical harmonics to describe the gravity field, as 
well as the seismic velocity heterogeneities. Given the spherical 
~ harmonic coefficient of density perturbation as a function of 
radius, 5p/"(r), the total gravitational potential U7" is given by 
the integral: 





| Gi"(r)dp7"(r) dr (3) 


Here, y is the gravitational constant, a is the radius of the Earth, 
ce the radius of the core and G/"(r) is the dynamic response 
- function or kernel®"'°. This kernel includes the contributions of 
the boundary deformations caused by the flow induced by 
_8p7"(r), as well as from the driving density contrast itself. 

We calculate dynamic response functions using models that 
¿treat the mantle as an incompressible newtonian fluid with a 
-< spherically-symmetric viscosity structure. The m dependence of 
G is then degenerate and G is a function of l and r only. Both 
the viscosity structure and the intrinsic density profile due to 
differences in chemical composition can be layered. Phase 
changes in a layer of uniform composition are assumed to have 
negligible effect on the flow field, as phase changes by themselves 
-do not present a barrier to radial flow. (Any horizontal density 
contrasts arising from phase changes are, at least in principle, 
part of the seismically-inferred density field.) 

Free-slip boundary conditions are applied at the Earth’s sur- 
face and at the core-mantle boundary. At boundaries between 
layers of the same chemical composition but differing viscosities, 
“velocities and tractions are continuous. At boundaries between 
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Fig. 1 Dynamic response functions for surface density contrasts 
of spherical harmonic degrees 2 (solid lines), 3 (long dashes), and 
6 (short dashes) plotted against radius for six Earth models. Models 
U, left, have uniform composition which permits mantle-wide flow; 
models C, right, have a chemical discontinuity at 670-km depth, 
causing stratification into separate upper and lower mantle flow 
systems. Models in the top row have uniform viscosity; those in 
the middle row have a factor of 10 viscosity increase below 670 km. 
This viscosity increase is a factor of 30 for models in the bottom row. 


layers of differing chemical compositions, radial velocities are 
set to zero, prohibiting radial flow between layers. Other velocity 
components and tractions are continuous, leading to separate 
flow systems with shear coupling across the boundary. 

Our assumption of a newtonian, spherically-symmetric vis- 
cosity distribution is done for the sake of mathematical tractabil- 
ity and to provide a simple model of the relevant physics. The 
viscosity of mantle rocks depends on both temperature and 
stress’'; lateral variations in viscosity are expected to accompany 
the observed lateral heterogeneity in seismic velocity. The 
existence of tectonic plates (which translate as nearly rigid 
blocks) with deformation concentrated in zones of weakness at 
plate boundaries, demonstrates that lateral viscosity variations 
are important in the Earth. Our primary justification for using 
such simple models is that they are adequate to explain the 
longest-wavelength components of the geoid. The main effect 
of long-wavelength lateral variations in viscosity is to excite flow 
at shorter wavelengths, leaving the geoid signature at the long 
wavelengths relatively unaffected’. 

Examples of dynamic response functions G,(r) for six simple 
viscous Earth models are shown in Fig. | for spherical harmonic 
degrees 2, 3 and 6. U1, U10 and U30 in the left column represent 
mantle models of uniform composition with a ratio of lower- 
mantle to upper-mantle viscosity of 1, 10 and 30 respectively. 
(Although flow velocities depend on the actual value of viscosity 
chosen, stresses and geoid anomalies depend only on the relative 
distribution of viscosity.) Models C1, C10 and C30 in the right 





Fig. 2 a, The observed geoid”? for | = 2-6 referred to the hydro- 

static figure of the Earth. Geoid lows are shaded and the contour 

interval is 20 m. In all our maps, we show plate boundaries and 

continents for reference. b, The residual geoid for | = 2-6 obtained 

by subtracting the effects of subducted slabs'®. Lows are shaded: 
the contour interval is 20 m. 


column are for models with an intrinsic chemical density contrast 
at 670-km depth, with separate flow systems above and below 
the 670-km seismic discontinuity. The viscosity structure for 
these models is identical to that in the corresponding row for 
the uniform composition models. 

For a given density contrast, the magnitude and sign of the 
resulting geoid anomaly in a dynamic Earth depends on the 
viscosity structure. For example, in model U1, the opposing 
gravitational effect of deformation of the upper boundary over- 
whelms that of the interior density contrast itself, leading to a 
negative geoid anomaly for a positive density contrast. For 
model U30, because of the strong increase in viscosity with 
depth, most of the deformation occurs at the core-mantle boun- 
dary, further away from the observer than the density anomaly 
driving the flow. The effect of the density contrast dominates 
and the response function is more positive. The net gravitational 
field of a dynamic Earth is a small number determined by the 
difference of larger, nearly counter-balancing quantities. The 
sign of the field depends on which of the effects is dominant. 
The anomaly may depend also on the depth of the convecting 
system, with chemically stratified systems leading usually to 
smaller geoid anomalies for a given density anomaly. Observa- 
tions of both the geoid and seismic velocity heterogeneities over 
a range of wavelengths place constraints on the variation of 
mantle viscosity and the depth of mantle convection. Observa- 
tion of dynamic surface deformation provides a complementary 
constraint. 


Results 


Figure 2a shows a recent long-wavelength (/=2-6) geoid”, 
referred to the hydrostatic equilibrium figure'*, superimposed 
on a map including plate boundaries. There is a strong associ- 
ation of geoid highs with subducted slabs'”'*-'’ but there is 
much variation, particularly at the longest wavelengths, not 
associated with the present plate configuration. 











Fig. 3 Geoids calculated by applying dynamic response func- 

tions, such as those in Fig. 1, to the seismic models. a, CC-S, a 

static model (boundary deformation is not included); contour 

interval, 50 m. b, CC-U10, for a uniform composition model with 

a factor of 10 increase in lower mantle viscosity. c, Dz-U10, as b; 
contour intervals, 20 m. Lows are shaded. 


This can be seen more clearly in Fig. 2b, a residual geoid 
determined by subtracting from the observed geoid slab effects 
obtained using a mantle flow model in conjunction with a model ` 
of the density structure of subducted slabs'®. This flow model 
assumes mantle-wide flow and an upper mantle with a viscosity 
0.01 times that of the lower mantle. Other more empirical studies 
give similar residual geoids'*'’. The residual geoid has a pool- 
ball like pattern dominated by antipodal highs over north-west 
Africa and the central Pacific. The highs are in regions shielded 
from subduction for substantial parts of the recent geological 
past and might be expected to represent hotter than average 
mantle'®:'®. Indeed, there is a strong correlation between long- 
wavelength residual geoid highs and hotspots'®'’. 

These geoids can be compared with model geoids calculated 
using the lower-mantle seismic models. Velocity and density 
perturbations are assumed to be directly proportional and the 
seismically inferred density anomalies are convolved with the 
response functions shown in Fig. 1, as well as those for a static 
(rigid) Earth. If dynamic surface deformation is ignored (Fig. 
3a, model CC-S, for static), the geoid anomaly matches the 
pattern, in general, but is of opposite sign to the observed or 
residual geoids. Thus, we must consider the gravitational effects 
of surface deformation. 
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-residual geoids, but the high-frequency component has too great 
an amplitude in the calculated geoid and the best fitting propor- 
tionality constants for degrees 2 and 3 differ substantially. For 
model U10, with uniform composition and a lower mantle 
viscosity increased by a factor of 10, there is an excellent 
correlation between the calculated and residual geoids at longest 
wavelengths for either model CC (Fig. 3b) or model Dz (Fig. 
3c). This agreement breaks down for model U30, which has a 
factor of 30 increase in lower mantle viscosity. 

. For the chemically layered model C1, the agreement is poor. 

Models C10 and C30 predict geoids similar to each other (seen 
by comparing the response functions in Fig. le and f). Either 
provides a good match to the residual geoid, almost as good as 
model U10. The general agreement between models U10 and 
C10 (and C30) is expected from the similarity of their response 
functions at / = 2-3, Fig. 1b and le. 

Correlation coefficients for degrees 2-6 are given in Table | 
for the observed geoid, the residual geoid and models Dz-U10 
and CC-U10. For both models, the agreement at | =2-3 is 
excellent, with the best fitting proportionality constant about 
(4km s™')/(gcm™°), close to that predicted for likely mantle 
> compositions and observed for variations in velocity and density 
with radius near the top of the lower mantle”°. The positive 
: correlation is consistent with the convection hypothesis, with 
both high velocities and high densities associated with cold 
material. 

The dynamically maintained topography at the Earth’s sur- 
face and at the core-mantle boundary for degrees 2-3, calculated 
© for model CC-U10, is shown in Fig. 4. Both the core-mantle 
boundary and the surface are upwarped in regions of low seismic 
velocity and downwarped in regions of high velocity (and pre- 
sumably high density). These dynamically induced deforma- 
tions of the top and bottom of the convecting system represent 
substantial mass anomalies. Their effects on the geoid are so 
large that they overwhelm the effects of the internal density 
contrasts driving the flow, thereby determining the sign of the 
geoid. 

The total geoid is correlated positively with dynamic surface 
>» deformations and negatively with seismically inferred density 
anomalies. This confirms the need to consider the effects of 
dynamic surface deformation in calculating geoid anomalies; 
neglecting it leads to an error in sign as well as in magnitude. 

Because the gravitational response functions for fow models 
U10 and C10 are so similar, it is not possible to discriminate 
between these two models using only the longest-wavelength 
geoid predicted from our present models of seismic 
heterogeneity in the lower mantle. However, these two models 
predict quite different values for the dynamically maintained 
topography at the Earth’s surface. The dynamic surface topog- 
raphy predicted for the chemically stratified model CC-C10 is 
quite similar in pattern to that for model CC-U10, Fig. 4a. 
However, it is of opposite sign due to the shear coupling of flow 
between the upper and lower mantle in a chemically stratified 
mantle, and is a factor of three lower in amplitude. If it were 
possible to strip out the isostatic effects of crustal thickness 
. variations and the dynamic effects of upper mantle heterogeneity 
to isolate the dynamic component of surface topography due 
~to lower-mantle density anomalies, it would be possible to 
distinguish between these models. 

An accurate determination of the long-wavelength component 
¿of dynamic topography requires a knowledge of the global 
distribution of crustal densities and thickness variations, beyond 
-the scope of this report. If we assume, however, that depth or 
elevation anomalies in similar tectonic provinces are due to 
dynamic surface deformation, we can begin to compare Fig. 4a 
with some observations. Comparing ancient shield regions which 
have been unaffected by crustal thickening in the last billion 
_years (and might, therefore, have been eroded to the same 
elevation), we find that Africa stands higher than the Canadian 
or Siberian shields by several hundred metres®. There is a broad 






there is general agreement between the calculated and the 








































































Fig. 4 Calculated topography for | = 2-3, a, at the surface and b, 

core-mantle boundary for the model CC-U10, which matches the 

geoid. Surface topography was calculated assuming a density con- 

trast of 2.3 g cm~* (appropriate for sub-oceanic regions). Topogra- 

phy at the core-mantle boundary is calculated for a density contrast 

of 4.5 g cm” across the interface. Lows are shaded. Contour inter- 
vals: a, 250 m; b, 500 m. 


region of anomalously shallow (250-750 m) sea floor in the 
Western Pacific and an anomalously deep (> 500m) region 
south of Australia*’. Africa is surrounded mainly by 
anomalously shallow seafloor. Comparing long-wavelength 
model predictions with a spotty and possibly aliased distribution 
of points on a map is dangerous. But we find that the agreement 
of our uniform-composition model predictions with what is 
known of the distribution of residual topographic anomalies, 
and the disagreement with the predictions of the chemically 
stratified model, suggest mantle-wide convection. 

Temporal variations in large amplitude, dynamically- 
maintained surface topography would contribute to epeirogeny 
and eustatic sea-level changes. For example, changes in the 
positions of continents and ocean basins relative to the underly- 
ing convection pattern itself could explain easily the range of 
eustatic sea-level changes observed. Records of ‘eustatic’ sea 
level from different continents would depend on their positions 
relative to the long-wavelength mantle flow pattern. 

Dynamically maintained topography at the core-mantle 
boundary has a total excursion of ~3 km for either model. Such 
large topography has been suggested as influencing the geody- 
namo” and may be important in coupling nutation of the mantle 
to the core. The dynamic topography for degrees 2-3 is a 
substantial fraction of the 9-km topography due to the hydro- 
static ellipticity of the core-mantle boundary. Higher-degree 
terms are expected to increase the dynamic topography substan- 
tially. 


Discussion 


There is remarkable agreement between the residual geoid and 
the geoid calculated using the dynamic response functions for 
models U10 or C10 using either seismic model. The agreement 
between the predictions of either seismic model and the geoid 
is comparable with the agreement between the two seismic 
models. Using the seismic models (and the dynamic slab 














“observed [= 2-3 geoid. This agreement is unlikely to be due to 
chance. 

There are certainly large heterogeneities in the upper mantle 
which might be expected a priori to mask the signal from the 
lower mantle. For example, several seismic studies have reported 
a degree 2 velocity anomaly in the upper mantle which correlates 
well with the degree 2 geoid’*-*>. It is remarkable that the fit of 
the geoid is so good, as we have neglected upper mantle contribu- 
tions. The longest-wavelength dynamic response functions for 
our successful models (U10 or C10), however, are quite small 
in the upper mantle. The ]=2-3 geoid is not as sensitive to 
density anomalies there as it is to those in the lower mantle; 
the effects of heterogeneities in the transition zone are com- 
pensated almost totally by surface deformation. 

The seismic results show that at degrees 2-3, geoid lows are 
associated with fast lower mantle whereas highs are associated 
with slow lower mantle. We suggest that these velocity variations 
are caused by temperature differences of convective origin. This 
interpretation is supported by a very high correlation (r > 0.99) 
between the degree 2 distribution of hotspots and the radially- 
averaged degree 2 lower mantle seismic velocity anomalies. This 
supports the hypotheses that geoid lows result from areas where 
subduction has cooled the mantle’? and that shielding of the 
mantle by continents results in geoid highs and hotspots’® 
Mantle-wide flow provides a simple explanation for the fact 
that hotspot provinces at the surface tend to overly the long- 
wavelength expression of hot lower mantle. The relatively higher 
viscosity we find for the lower mantle may help to explain the 
long time scales inferred to be associated with these phenomena. 

We have confined our analysis here to fairly simple viscosity 
distributions that, nonetheless, have allowed us to explain most 
of the variance in the longest-wavelength components of the 
geoid. The viscosity models presented are not unique; viscosity 
values should be regarded as weighted averages over the two 
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The Ubx and bxd transcription units comprise a single functional domain in the bithorax complex of Drosophila 
melanogaster. The segmental distributions and nuclear localization of proteins encoded by the Ubx unit have been. 
determined by immunofluorescence staining with antibodies raised against a fusion protein containing Ubx coding sequences: 
Wild-type and mutant distributions are consistent with a model in which the protein-coding functions of the domain derive 


from the Ubx unit and are regulated by the bxd unit. 





THE metazoan genome faces a unique set of demands in its task 
of directing the complex process of multicellular development. 
Not only must the characteristics of individual cells be specified, 
but also the size, shape and other higher-order characteristics 
of the multicellular structures they constitute. In Drosophila 
melanogaster, the body plan of both larva and fly is characterized 





by a series of segments whose identities vary according to 
position along the anterior-to-posterior axis of the animal. The 
role genes play in the specification of these identities has been’: 
defined, in part, by homoeotic mutations that produce specific — 
intersegmental transformations of identity by causing embryonic - 
founder cells at one position to adopt the fates reserved normally 





nose tner - Ihe genes de DY thes i 
ions are thus presumed to mediate the developmental decisions 
hat differentiate one segment from another. 

-~ The identities of the second and third thoracic segments (T2, 
T3) and all eight of the abdominal segments (A1-8) depend on 
a cluster of homoeotic genes known as the bithorax complex 
(BX-C)'*. This complex is divided into three functional 
domains’. We concentrate here on the Ubx (Ultrabithorax) 
“domain, which occupies the left or proximal one-third of the 
< BX-C DNA (Fig. 1) and acts in the specification of the T2, T3 
and Al identities. More precisely, the multiple functions of the 
“Ubx domain specify the identities of the four adjacent anterior 
(a) and posterior (p) compartments (T2p, T3a, T3p and Ala) 
that mark the anterior end of the segmental range of BX-C 
expression. The Ubx domain is defined by five classes of recess- 
ive loss-of-function mutations that can be divided into two 
“groups'*"'°, One group consists of four classes (abx, bx, bxd 
and pbx) which serve to define individual, compartment-specific 
functions of the domain because each causes the homoeotic 
transformation of a different subset of the four compartments. 
By contrast, the fifth or Ubx class of mutations cis-inactivates 
“all functions in the set defined by the other classes and thereby 
defines that set as a single functional domain; thus, Ubx muta- 
tions do not complement any of the other mutations and cause 
--homoeotic transformations corresponding to the sum of those 
Induced by the other classes. 

Given this cis-linkage of domain functions, it is curious that 
the molecular mapping summarized in Fig. | reveals a division 
of the domain into two non-overlapping, commonly oriented 
transcription units: the ~75-kilobase (kb) Ubx unit, which is 
virtually coextensive with the region delineated by the sites of 
Ubx mutations and which includes the abx and bx loci, and 
“the ~25-kb bxd unit, which is similarly coextensive with the 
bxd sites and overlaps the pbx mutations. The problem of how 
- Ubx mutations can cis-inactivate all functions of the domain, 
- while the other classes of mutations cis-inactivate specific sub- 
“sets of these functions, is a fundamental aspect of the more 
general problem of how the bithorax complex specifies seg- 
_mental identities. As a step towards a better definition of these 
_ problems we have begun an investigation of the proteins encoded 
by the Ubx unit. 




































































Open reading fames in the Ubx unit 


First, we summarize the relevant aspects of an analysis of the 
Ubx RNAs to be described elsewhere (Fig. 2 and R. B. Saint, 
< P.A.B., D. Peattie, P. Harte and D.S.H., in preparation). Three 
major size classes of Ubx RNAs appear in the first 8h of 
_ embryogenesis: a transient 4.7-kb poly(A)” RNA that disappears 
“near the end of this time and two poly(A)* RNAs of 3.2 and 
4.3 kb found at all subsequent stages of development. The 3.2-kb 
class first appears at ~3 h, slightly after the 4.7-kb and before 
the 4.3-kb RNAs. Figure 2 shows that the 3.2-kb RNAs contain 
a long AUG-initiated open reading frame (ORF) generated by 
two exons from the 5’ and 3’ ends of the Ubx unit and two 
internal 5l-base pair (bp) micro-exons. Sequence analysis of 
two cDNA clones shows that either of two donor sites located 
27-bp apart may be used to splice the 5’ exon to the first 
micro-exon. The resulting ORF Ia and ORF Ib contain, respec- 
tively, 380 and 389 codons in the same frame and have the 
capacity to encode two polypeptides of relative molecular mass 
(M,) 39,000 and 40,000, which differ only by the insertion of 
nine amino acids between residues 247 and 248 of the shorter 
polypeptide. 

Several indicators other than significant length suggest that 
these ORFs encode Ubx proteins: their codon usage agrees well 
with codon frequencies tabulated for known D. melanogaster 
-structural genes (K. Burtis, unpublished); their 3’-exon regions 
contain a homoeo box (a ~180-bp conserved sequence found 
in several D. melanogaster homoeotic and segmentation genes, 
and in the genomes of many other species''"'*); the 5’-exon 
<Tegion common to both ORFs is highly conserved among D. 
melanogaster, Drosophila funebris and Musca domestica (D. 








pe ese ce non Ml 
Hof @ od ed oped 
2 4a EES 5! 
Ubx Unit bxd Unit 
F: eee 
Ubx DOMAIN ABDOMINAL DOMAINS 


l ‘ i 


Be Sts ot a) Add ah ee rhe (8 
-100 -80 -60 -40 -20 o +20 


Pica Gi 
+180 +200 


Fig. 1 Molecular map of the Ubx domain in the BX-C. The 
location of DNA lesions associated with recessive mutations in 
the Ubx domain are indicated in kb relative to the Ubx and bxd 
transcription units. The mutation sites are taken from Bender et 
al? and from M. Akam and D.S.H. (unpublished data). Positions 
of the Ubx and bxd units are taken, respectively, from R. B. Saint, 
P.A.B., D. Peattie, P. Harte and D.S.H. (in preparation) and 
unpublished data of M. Goldschmidt-Clermont, D. Peattie, H. 
Lipshitz and D.S.H. The breakpoints of Ubx chromosomal rear- 
rangements that split the BX-C are indicated by the vertical lines 
in the row just above the solid arrow denoting the orientation and 
extent of the Ubx unit. Four pseudo-point Ubx mutations (three 
small deletions and an insertion) are indicated by an open box (3’ 
end) and three closely spaced vertical slashes (5' end) just below 
the long horizontal line representing the chromosomal DNA; they 
are also shown in Fig. 2 at higher resolution. The breakpoints of 
bxd rearrangements and the positions of bxd pseudo-point muta- 
tions are similarly indicated above the solid arrow delineating the 
bxd unit. The abx and pbx deletions are denoted by open boxes 
above the line whereas the sites of bx insertional mutations are 
indicated by vertical slashes. 
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Fig. 2 The Ubx open reading frame used to construct the 
Ubx/lacZ fusion. In the upper line, which represents the genomic 
DNA of the Ubx unit, the four boxed regions denote exon sequen- 
ces retained in the spliced mRNA. The mRNA contains a 380- 
codon ORF (Ia, in the stippled region), of which codons 9-300 
were incorporated into the Ubx/lacZ fusion (bottom line). The 
locations of the Ubx pseudo-point mutations (ref. 20; M. Akam, 
personal communication; W. Bender, unpublished results; P.A.B. 
and D.S.H., unpublished) are indicated above the upper line: 
Ubx®?®, Ubx®**? and Ubx®?? are associated, respectively, with 
deletions of ~32 bp, 110 bp and 1.6 kb; Ubx' is associated with 
the insertion. of a ‘Doc’ transposable element. The thin boxes 
indicate the positions of the homoeo box''~'*, and of the ‘hinge 
region’, which has been so named because of the many glycine 
codons. {Because of its high glycine content, the hinge region 
almost certainly exists within native Ubx proteins as a region 
devoid of secondary structure**"**, perhaps functioning as a flexible 
connection between spatially distinct domains.) The glycine con- 
tent of the entire hinge region is 73% (22 of 30 amino acid residues) 
and higher (89%, 17 of 19 amino acid residues) in the filled portion 
of the box. The gene fusion was constructed by standard methods”, 
using the Agtl1 expression vector”. The EcoRI linkers (BRL 
octamer) were selected to allow joining of the amino- and carboxy- 
terminal ends of the ORF la fragment (from Ubx cDNA p¢3602) 
in-frame with lacZ gene sequences. A recombinant phage, 
ALdm3751, was identified by its lacZ~ phenotype, by hybridization 
to Ubx sequences and by production of a novel polypeptide of 
expected electrophoretic mobility in SDS gels on infection of E. 
coli host strain Y1089 (ref. 38; see Fig. 3). 











Wilde and M. Akam; pérsonal communication). In addition, 
Fig. 2.shows that of the four Ubx pseudo-point mutations which 
have been mapped, two ( Ubx°?*, Ubx**?) are short deletions in 
the 5‘-exon region common to both ORFs; one ( Ubx??) deletes 
the entire 3’-exon region of each, and one (Ubx') consists of 
an insertion in or near their 5'-exon regions. The 12 other Ubx 
loci shown in Fig. 1 represent breakpoints of gross chromosomal 
rearrangements that separate the ends of the Ubx unit by large 
genomic distances; although these breakpoints are less informa- 
tive than the pseudo-point mutations, they are consistent with 
a coding function for the ORFs because they should prevent 
formation of the appropriate mRNAs by interrupting transcrip- 
tion of the unit. 


Working model for the Ubx domain 


The location of the pseudo-point deletions and the conclusion 
that Ubx mutations inactivate all functions of the domain, 
suggest that each of these functions requires one or more proteins 
encoded by the Ubx unit and that these Ubx proteins form a 
family characterized by common amino-acid sequences in their 
amino- and carboxy-proximal regions. The members of the 
family would then be distinguished by differences in the amino- 
acid sequence connecting these two constant regions, exemp- 
lified by the two proteins encoded by ORF Ia and b. Other 
members of the family may be encoded by the 4.3-kb RNAs, 
which also contain sequences from both ends of the Ubx unit 
and exhibit the same 5’ initiation site as the 3.2-kb RNAs (R. B. 
Saint, P.A.B., D. Peattie, P. Harte and D.S.H., in preparation). 
Thus, we suppose that differential processing of the long Ubx 
primary transcript generates a set of mRNAs that encode the 
Ubx proteins and that specific subsets of these mRNAs are 
produced and translated in different compartments to provide 
the individual, compartment-specific functions of the domain. 
Certain predictions of this model are confirmed by the segmental 
distribution of the Ubx proteins described here. 


Antibodies to Ubx proteins 


The distributions examined here are those registered with a 
polyclonal antibody probe that should detect all members of 
the Ubx protein family because the antigen used to elicit these 
antibodies contains their common amino-proximal region. This 
antigen is a Ubx-B-galactosidase hybrid protein (flal) synthe- 
sized in Escherichia coli from a gene fusion consisting of codons 
9-300 of ORF Ia inserted in-frame into the E. coli lacZ gene of 
the Agti1 expression vector, as indicated at the bottom of Fig. 
2 and described in the Fig. 2 legend. To enrich for antibodies 
directed against Ubx determinants, the IgG fraction of serum 
from rabbits injected with purified flal was affinity-purified by 
binding to flal, after which antibodies directed against B-galac- 
tosidase and other E. coli proteins were removed by adsorption 
(see Fig. 3 legend for details). Figure 3 shows that this antibody 
preparation reacts only with the Ubx determinants of flal and 
of another Ubx-B-galactosidase hybrid (fIb1) containing the 
amino acid sequence encoded by codons 9-389 of ORF Ib. 


Segmental distributions of Ubx proteins 


We have used indirect immunofluorescence staining with these 
anti- Ubx antibodies to examine the prediction of the model that 
at least one member of the Ubx protein family will be expressed 
in each compartment whose identity depends on the functions 
of the Ubx domain. These functions are defined by the general 
rule that mutational inactivation of a given function transforms 
the compartment in which it is normally expressed to the identity 
of the homologous compartment in the anteriorly adjacent seg- 
ment, where it is not normally expressed. Four functions are 
required to explain the compartmental transformations in the 
larval and adult cuticle caused by the five classes of mutations 
in the Ubx domain. These functions are referred to here as ABX, 
BX, PBX and BXD and are expressed, respectively, in the T2p, 
T3a, T3p and Ala compartments. The transformations caused 
by each mutational class can be explained if the following 
functional inactivations are assumed: Ubx mutations inactivate 
















Fig. 3 Antibodies to Ubx determinants. A purified immuno- 
globulin fraction derived from hybrid protein-elicited anti- 
bodies reacts exclusively with Ubx determinants on SDS. gel 
blots°®-*° of total protein extracts from E. coli lysogens. This frac- 
tion was prepared in two steps: (1) by affinity purification of 
antibody using the hybrid protein as ligand; (2) subsequent 
removal of B-galactosidase-reactive material (lanes 1-4, specificity 
of antibody binding after step 1; lanes 5-8, specificity after steps 

1 and 2). Thus, in lanes 7 and 8, the hybrid proteins and their 

cellular breakdown products react, whereas in lanes 5 and 6 neither ` 
B-galactosidase nor other FE. coli proteins are bound. Protein 

extracts in lanes 2 and 6 were from the lacZ~ host cell, Y1089 (ref. 

38). The remaining extracts were from induced lysogens. of ‘the. 
following phage in the Y1089 host: lanes | and 5, the vector A gtii; 
carrying the lacZ* gene; lanes 3 and 7, ALdm3751; lanes.4 and 

8, ALdm3752, a related onstruction incorporating codons 9-389 

from ORF Ib (P.A.B. and D.S.H., unpublished data). The hybrid 

proteins encoded by ALdm375! and ALdm3752 are labelled flat 

and fIbl, respectively; their apparent M,s are as predicted from: 
the cDNA sequences (flal, 145,000; fIb1, 153,000). 

Methods. After growth to Agog =0.5 in L-broth, a lysogen of 

ALdm3751 (see Fig. 2) in Y1089 (ref. 38) was induced by a 

temperature shift (43°, 15 min) and addition of isopropyl 

thiogalactoside (IPTG; Sigma) to 5 mM. Cells were collected 45 

min after IPTG induction and lysed by a freeze-thaw cycle follow- 

ing lysozyme digestion*'. To the cleared lysate (supernatant of a 

30 min, 200,000g centrifugation), solid ammonium sulphate was 

added to 35% of saturation at 0°C; the resulting precipitate was 

resuspended and dialysed (Fraction I) and loaded in sample appli- 

cation buffer on 6% SDS gels*”. After light staining with Coomassie 

Brilliant Blue, the band corresponding to the Ubx--galactosidase 

hybrid protein was excised, homogenized and emulsified with 

Freund’s complete adjuvant. Primary immunization of virgin 

female New Zealand White rabbits was by subcutaneous (s.c.) 

injection of 250 ug (estimated by comparison with protein stan- 

dards in Coomassie-stained gels) of hybrid protein per rabbit at 
~20 sites. Booster immunizations were given 67 days after the 

primary immunizations by s.c. injection at ~10 sites with 100 pg 

of hybrid protein emulsified in Freund’s incomplete adjuvant per 

rabbit. An IgG fraction was purified from serum collected 10 days 

after boosting’? and was purified further using an affinity adsorbent 
made by immobilizing Fraction | proteins (the hybrid protein 

constitutes 10-20% of the total protein in Fraction 1) on derivatized 

beads (Affigel 10; Biorad)****. Antibodies directed against B- 

galactosidase or other E. coli proteins were removed by exhaustive 

treatment with an adsorbent similarly made with a protein fraction 

from a lysogen of Agti! bearing no insert. 


all functions; abx and bxd mutations inactivate the ABX, BX. 
and BXD, PBX pairs of functions, respectively; bx and pb: 
mutations inactivate the BX and PBX functions, respectively 
(refs 1,2, 4-10; G. Morata, personal communication). 
According to the model, we therefore expect that Ubx protein 
will be found in the cell lineages for T2p, T3a, T3p and Ala 
and will not be present in more anterior compartments, which 
are not affected by the five classes of mutation. Posterior to Ala, 
however, the situation is more complex. Although the primary. 
BX-C determinants for segmental identities in the remainder of 
the abdomen derive from the other two BX-C domains’, Ubx 
and bxd mutations cause subtle transformations of the larval 
cuticle in the anterior portions of A2~7, indicating that a BXD- 
related function is expressed in the presumed anterior compart- 
ments of these segments'. Thus, the model predicts that the cells. 
of the anterior compartment lineages will also contain Ubx 
proteins. ; 
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e examined the distribution of 
central nervous system (CNS) at mid-embryogenesis and in the 
imaginal disks that are the precursors of the adult cuticular 
segments. The embryonic CNS is excellent for this purpose 
because it is easily accessible, expresses Ubx transcripts at 
relatively high concentrations’* and its ventral nerve cord con- 
sists of readily distinguishable paired ganglia corresponding to 
TI-A8, as well as the more anterior pair of suboesophageal 
ganglia and the incomplete ninth abdominal ganglia (Fig. 4a-c, 
g). Figure 4d, e shows the simultaneous staining of a wild-type 
CNS with anti-tubulin and anti-Ubx antibodies, respectively. 
The anti-tubulin staining reveals the ladder-like axon scaffolding 
overlying the cell bodies of the nerve cord, whose paired rungs 
(commissures) provide the landmarks for identifying the seg- 
mental boundaries’®. Using these landmarks, weak anti-Ubx 





Fig. 4 (left) Ubx proteins in the CNS at mid-embryogenesis. a-c, 
Fluorescence photomicrographs showing the neuropil (a) and cell 
nuclei (b, c) of the 12-h CNS. d-g, Simultaneous staining with 
anti-tubulin and anti-Ubx antibodies of CNS dissections from 
Oregon-R wild-type and Ubx mutant embryos. The axon bundles 
of the neuropil are visualized by indirect immunofluorescence 
staining (a) of intact embryos“? using an anti-tubulin antibody 
(supplied by T. Karr from a hybridoma cell line established by S. 
Blose). In b and c, the CNS has been exposed by dissection'®, and 
the nuclei: are visualized with Hoechst 22358 (bisbenzidine), a 
fluorescent DNA-binding dye. In c, individual nuclei can be 
distinguished as brightly fluorescing points in a field of more diffuse 
light, which comes from the nuclei above and below the plane of 
focus. The paired commissures of the neuropil can be used as 
landmarks to identify the ganglia of the ventral cord: three thoracic 
pairs and eight complete abdominal pairs (the ninth abdominal 
ganglia are incompletely formed**; E. Teugels and A. Ghysen, 
personal communication). In embryos at this stage of development, 
a slight longitudinal compression of the commissural ladder is 
apparent in A8, perhaps due to the onset of ventral cord condensa- 
tion*”. Abbreviations: br, brain; ce, circumoesophageal con- 
nectives; c, commissures; Ic, longitudinal connectives; pn, 
peripheral nerves; sg, salivary glands; vc, ventral cord. Oregon-R 
embryos displayed consistently a characteristic staining pattern 
with both antibodies (d, e) and the anti-Ubx stain (e) proved to 
be nuclear on comparison with bisbenzidine staining patterns (see 
Fig. 6 for a schematic representation). Of the 38 embryos from the 
balanced heterozygous stock examined ( Ubx®?*/TMI; see Fig 2), 
10 (26% ) did not stain above background with anti- Ubx antibodies 
(f), although the neuropil (g) appeared normal (colour differences 
of f and g from e and d are due to the use of a different photo- 
graphic emulsion). CNS dissections and antibody staining were as 
described in ref. 16, and secondary antibodies were from Sigma 
(fluorescein-conjugated goat anti-rabbit IgG) and Cappel 
(rhodamine-conjugated goat anti-mouse IgG). The anti- Ubx anti- 
bodies used for CNS experiments were prepared as for lanes 5-8 
in Fig. 3, but in addition were treated to remove any antibodies 
cross-reacting with other Drosophila antigens. The adsorbent for 
this treatment consisted of de-vitellinized embryos*? which had 
been fixed at a stage before 2 h after fertilization, the time at which 
Ubx RNAs are first expressed. 


Fig. 5 (left) Ubx proteins in imaginal disks. a, b, Anti- Ubx stain- 
ing of the T3 imaginal disks; c, d, nuclear localization of Ubx 
proteins. Anti- Ubx antibodies react strongly with cells of the haltere 
disk and the third leg disks of third-instar larvae (a and b respec- 
tively; fluorescence photomicrographs were taken under slightly 
different filter conditions), but only weakly, if at all, with cells of 
other imaginal disks. Whereas cells of the haltere disk stain uni- 
formly, cells of the third leg disk stain with markedly different 
intensities in defined regions. The most striking difference results 
from the weaker staining of anterior compared with posterior cells, 
but intensity differences between proximal and distal cells are also 
observed. Anti-Ubx staining (d) can be seen to co-localize with 
bisbenzidine fluorescence (c) in a high-magnification view of a 
field of cells from a partially everted haltere disk. Ubx proteins 
are apparently excluded from a region of the nucleus, possibly the 
chromocentre, which stains very brightly with bisbenzidine (see 
arrowheads). Disks were stained as described in Zipursky el al.**. 
All photomicrographs in this figure Fig. 4 were taken under epi- 
fluorescence illumination with Zeiss optics. 
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staining is observed in the posterior portion of T2, followed b 
strong staining in posterior T3 and anterior Al, with the anterio 
portions of A2-7 exhibiting progressively weaker staining (see 
Fig. 6). Except for the very weak staining of anterior T3, thi 
qualitative aspect of this pattern is that expected from th 
model, provided that the anti-Ubx staining is specific to Ub: 
proteins. 

Figure 4f, g removes this proviso by showing that the anti- Ub; 
staining disappears in the embryonic CNS from a Ubx*? 
homozygote. Preliminary sequence analysis (M. Akam, person 
communication) indicates that the small Ubx®?* deletion nea 
the 5’ end of ORF Ia and b (Fig. 2) shifts the reading frame to 
yield a stop codon downstream from the deletion. Clea 
absence of protein interacting with the anti-Ubx anti 
consistent with this sequence analysis and demonstrates th 
these antibodies react uniquely with the Ubx family of protei ns. 

Figure 5a, b shows that the haltere and third leg imaginal 
disks that form the T3 segment of the adult cuticle exhibit strong 
anti- Ubx staining. The wing and second leg disks of adult T2 
exhibit little or no anti-Ubx staining, whereas the T1 first le; 
disk and the eye-antennal and genital disks are not stain 
significantly (data not shown). The results for the haltere an 
wing disks are consistent with the observation that the haltere 
(but not the wing) disk contains both the 3.2-kb and 4.3-kb size 
classes of Ubx RNAs (R. B. Saint, P.A.B., D. Peattie, P, Harte 
and D.S.H., in preparation). Furthermore, the pattern of anti 
Ubx staining of both disks and the mid-embryonic CNS overlap: 
precisely the distribution of RNAs homologous to the 5’ exon 
of the Ubx unit, as registered by in situ hybridization’®, although 
the level of resolution for the RNA distributions is reduced 
considerably. 

The sum of the CNS and disk distributions for Ubx protein 
clearly fits the spatial localizations predicted by the model 
Qualitative differences between the distributions are restricted 
to posterior T2 and anterior T3. The posterior T2 difference can 
be explained simply if it is assumed that ABX expression i 
required at the same time period in development of the adul 
cuticle and the CNS. Clonal analyses indicate that normal T2p 
development of the adult cuticle requires ABX function only 
during the first ~8 h of embryogenesis (ref. 6 and G. Morata: 
personal communication). As the CNS was assayed only a few. 
hours after this critical period and the disks were assayed ~ 100 h: 
later, the staining of posterior T2 in the embryonic CNS, but 
not the disks, may simply reflect the instability or dilution of. 
the Ubx proteins and mRNAs associated with the ABX function 

The difference in staining of anterior T3 in the CNS and disks. 
is of greater interest because it includes a staining difference 
between the two T3 disks. Haltere disk cells are stained strongly 
and uniformly with no anterior-posterior distinction. By con: 
trast, cells of the third leg disk stain with markedly different 
intensities in defined regions, the most striking difference result 
ing from the weaker staining anterior compared with posterior | 
cells. Thus, the anterior T3 staining increases from slight in the: 
CNS to moderate and strong, respectively, in the third leg and: 
haltere disks. This increase is correlated with the progressively 
more dorsal position of the precursors of these tissues on the 
dorsal-ventral axis of the blastoderm fate map'’, suggesting that 
the amount and/or combination of Ubx proteins expressed 
may be regulated according to position on this axis, just as; 
it is regulated according to position on the anterior-posterior 
axis. 

In this regard, it is of interest that abx mutations affect the: 
development of posterior T2 and anterior T3 in both the CNS 
and the cuticle (ref. 18 and G. Morata, personal communica-~- 
tion), whereas bx mutations produce little if any detectable. 
effect in the CNS'*. Thus, the dependence of BX function on 
bx* sequences observed in adult cuticle development does not 
obtain in the CNS, perhaps because of regulation along the- 
dorsal-ventral axis such as that mentioned in the previous 
paragraph. By contrast, the ABX function defined for cuticle 
development could exist without modification in the CNS, as 
the requirement for abx* sequences is common to both. 
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Fig.6 Spatial distribution of Ubx proteins in the CNS of wild-type 
and mutant embryos. The results of anti-Ubx staining of CNS 
dissections of wild-type and mutant embryos are shown in sche- 
matic form. The number of dots in a given area is proportional to 
the number of nuclei stained and the relative staining intensities 
are indicated by dot size. In the wild-type CNS the most brightly 
staining nuclei are located in a region comprising posterior cells 
of the T3 ganglia (T3p) and anterior cells of the Al ganglia (Ala). 
Most cells in this region are stained. More anteriorly, a subset of 
the cells in T2p is stained lightly, while the staining of T3a is so 
faint that it is not shown in the diagram. Posterior to the brightly 
staining T3p-Ala region, stained cells in segments A2-7 form a 
subset of the total complement of anterior cells. The number and 
arrangement of nuclei in these stained anterior patches is similar 
if not identical from segment to segment, although the intensity 
of staining decreases progressively in the posterior direction. (The 
extremely faint staining observed in A8 is not depicted.) Staining 
patterns of embryos collected from balanced heterozygous mutant 
stocks fell into two classes, of which the larger was indistinguish- 
able from wild type and the smaller displayed the altered pattern 
shown in the figure. This variant class is presumed to represent 
the mutant homozygote as it generally comprised about a quarter 
of the embryos examined. Of the embryos collected from the 
Ubx®8/TMI stock, 26% (10 of 38 individuals examined) did not 
stain above background levels, although the neuropil displayed no 
evident differences from the wild type (Fig. 4g). The variant classes 
from both Pe stocks examined (Pc?/TM3 and Pc?/TM1)*”*? dis- 
played similar differences in Ubx protein distribution and neuropil 
structure. These differences could be summarized as the pre- 
emption of the normal features of the thoracic and anterior 
abdominal segments by the features normally seen only in the most 
posterior abdominal segments. The proportion of abnormal 
individuals in the combined progeny from both Pc stocks was 28% 
(17 of 61). The variant class of the bxd'? stock examined 
(In(3)bxd'3/TM1)" displayed the modified staining pattern 
shown above, with the neuropil retaining its normal features; 10 
individuals of the 31 examined (32% ) from the bxd''> stock showed 
the abnormal pattern. Collection and staining of embryos was as 
described in Fig. 4 legend. 


Regulation of the Ubx unit 


Se b 
alter CNS development of posterior T3 and anterior Al, con- 
sistent with their effects on cuticular development. The strong 
anti- Ubx staining of these two regions (Figs 4e, 6) may then 
result from the combinations of Ubx proteins that execute the 
functions inactivated by these bxd mutations (that is, BXD and 
PBX). The staining of the anterior portions of A2-7 in the CNS 
may also be indicative of Ubx proteins with BXD-related func- 
tions, although this suggestion derives solely from observations 
of the subtle effects of bxd mutations on these segments in the 
larval cuticle’. To test these predictions, we have examined the 
distribution of Ubx proteins in the mid-embryonic CNS of the 
extreme bxd''? mutation (an inversion associated with a deletion 
of DNA at the breakpoint in the bxd unit) and of the weaker 
bxd! and bxd" mutations, each of which results from the 
insertion of a ‘gypsy’ transposable element in the bxd unit”. 

No obvious change in the Ubx protein distribution was 
observed in homozygotes for the weak bxd mutations, which is 
not surprising as Teugels and Ghysen observe only minor alter- 
ations in the CNS in a bxd’ hemizygote'®. By contrast, Fig. 6 
shows that the extreme bxd'”? mutation alters dramatically the 
segmental distribution of Ubx proteins. The expected regions 
are altered; the staining intensity of posterior T3 and anterior 
Al cells is reduced markedly from that in wild type, as is the 
intensity in the anterior regions of A2-7, where the number of 
stained cells is also reduced by about twofold in a spatially 
specific manner. Both intensity and number of stained cells, 
however, is increased in posterior T2 and anterior T3; indeed, 
these two regions together with posterior T3 and anterior Al 
form a block in which most cells are stained equivalently, as if 
the bxd'"? mutation has relaxed a fine control over Ubx protein 
formation at a compartment or lower level. The change of pattern 
in posterior T2 and anterior T3 is not entirely unexpected, as 
in these regions, bxd mutations are known to modify the effects 
of other Ubx-related mutations (ref. 21 and E. B. Lewis, personal 
communication); in addition, changes in what is thought to be 
T3a of the CNS were observed by Teugels and Ghysen for the 
bxd mutations they examined'*. Whatever the morphological 
transformations, t the striking change in Ubx protein distribution 
caused by bxd''? strongly suggests that the bxd unit regulates 
expression of the Ubx unit. 


Trans-regulation of Ubx protein distribution 


The Polycomb gene (Pc) is a trans-regulator of BX-C 
expression located in the left arm of chromosome 3, far from 
the BX-C in the right arm”. Embryos lacking Pe* function 
suffer a massive homoeotic transformation by which all thoracic 
and abdominal cuticle segments exhibit identities characteristic 
of normal A8. Based on genetic evidence that this transformation 
requires the presence of the BX-C in the genome, Lewis’ postu- 
lated that the Pc* product acts as a negative regulator of the 
expression of all genes in the BX-C. All BX-C genes were 
included in the scope of this regulator because he had proposed 
on other grounds that all BX-C genes are expressed in A8 (ref. 
1); thus, it was argued that the transformation of all segments 
to A8 was equivalent to the activation of all BX-C genes in all 
segments by inactivation of the Pc* negative regulator. 

We have tested this hypothesis by determining the distribution 
of Ubx proteins in the CNS of Pc? and Pe’ homozygous embryos. 
Figure 6 shows that both the neuropil structure and the Ubx 


One consequence of our model is that the bxd unit acts as a 
_cis-regulator of the Ubx unit. This follows from the assumption 
that the individual functions of the Ubx unit, including those 
“that are cis-inactivated by bxd mutations, are executed by 
specific combinations of Ubx proteins. The bxd unit delineated 
“by these mutations would then cis-regulate the formation of 
particular members of the Ubx protein family, presumably by 
facilitating and/or inhibiting particular pathways by which the 
respective mRNAs are processed from the Ubx primary tran- 
script. The idea that the bxd unit regulates the Ubx unit is also 
suggested by recent genetic evidence (ref. 19 and E. B. Lewis, 
“personal communication). 


protein distribution are transformed in a manner closely 
approximating the cuticle transformation: the spacing between 
the paired commissures for the T1-A7 segments is reduced to 
the lesser spacing of wild-type A8 and the anti-Ubx staining 
pattern of segments T1-A7 appears intermediate between wild- 
type A7 and A8 (wild-type A8 staining is so faint that it is not 
noted in Fig. 6), although there is a gradual increase in intensity 
anteriorly. These results, however, are inconsistent with the 
simple hypothesis of a single Pc regulator for the BX-C. Clearly, 
other genes than Pc must function as regulators of the Ubx 
domain to account for the distribution observed in Pe mutants; 
indeed, there is a growing list of putative trans-regulators of 





















that may exhibit such a function and can be 
tested ‘easily i in the above manner. In addition, we are testing 
the possibility that other genes of the BX-C function in the 
abdomen to regulate expression of the Ubx domain. If these 
genes were themselves regulated by the Pe* product, they would 
be expressed ubiquitously in Pc mutants, resulting in the 
observed repetitive abdominal-like pattern of Ubx proteins. 


Ubx proteins are nuclear proteins 


Figure 5c, d shows that Ubx proteins are localized in the nuclei 
of the haltere disk cells. Nuclear localization was also observed 
for third leg disk and embryonic CNS cells and seems to be a 
general property of the Ubx proteins relevant both to hierar- 
chical models of development (in which the BX-C products are 
postulated to directly regulate other genes””*°) and to specula- 
tion that homoeo boxes endow proteins with sequence-specific 
DNA-binding capabilities??? 

The homoeo box of the Ubx unit is located just downstream 
from the acceptor splice site for the 3’ exon region common to 
ORF Ia and b (Fig. 2). In our model for the Ubx protein family, 
the homoeo box is located in the carboxy-proximal constant 
region, near its boundary with the variable region. This location 
allows juxtaposition of the homoeo box with a variety of amino 
acid sequences that could modulate its function to create a 
diversity of related regulatory proteins. We emphasize that the 
function of the homoeo box need not be to bind DNA. For 
example, one can imagine equally that the variable region pro- 
vides that function while the homoeo box provides a site by 
which Ubx proteins bind to a conserved protein, such as a 
histone, to create a perturbation in chromatin structure that has 
negative or positive regulatory value. Indeed, the Ubx proteins 
may regulate RNA processing rather than DNA transcription; 
it is known only that they accumulate in nuclei of segments 
whose identities are regulated by the Ubx domain. 


Conclusions 


The primary assumption of our working model for the Ubx 
domain is that all functions defined by mutations in the domain 
are executed by the proteins encoded by the Ubx transcription 
unit. That assumption leads to the prediction, confirmed qualita- 
tively here, that the sum of the segmental distributions for these 
Ubx proteins will follow the sum of the segmental distributions 
for the functions of the domain. A second prediction of our 
model is that mutations in the other transcription unit of the 
domain, the bxd unit, will change the segmental distribution of 
Ubx proteins. This prediction has also been confirmed in a 
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preliminary fashion: other bxd mutations, includi neir. pi 
relatives, must be tested, as must the prediction that this bxd 
effect is limited to cis-interactions. 

A second assumption of the model is that a family of related: 
proteins is encoded by the Ubx unit and that different combina: 
tions of these Ubx proteins execute the different functions of 
the domain, suggested by the observation that the Ubx uni 
produces a set of putative mRNAs, two of which contain ORFs 
that differ by a single step in their splicing pathways (ORF Ia 
and b). We have begun to test this part of the model by two 
methods: (1) the further definition of the Ubx RNAs via cDNA 
sequence analysis and the use of that sequence data to generate 
antibody probes specific to the different ORFs they may contain. 
For example, we have synthesized a peptide containing the 
nine-amino acid sequence that distinguishes ORF Ia from b and. 
raised antibody against it for the identification of the ORF Ib 
protein. (2) We are performing a characterization of the proteins 
in D. melanogaster that react with the anti-Ubx antibodies. 
Although we have found multiple proteins in embryonic nuclear 
extracts with appropriate mobilities in SDS gels, the source of 
the apparent variation in M, has not yet been determined. Similar 
observations were reported recently by White and Wilcox”, who 
also obtained results similar to those reported here on. the 
anti- Ubx staining of wild-type imaginal disks. 

Perhaps the most novel characteristic of the Ubx domain is 
that its cis-interacting functions depend on two non-overlapping. 
commonly oriented transcription units; the most novel aspect 
of our model is that we assign the protein-coding functions of 
the domain to the unit containing the homoeo box and ascribe 
cis-regulatory functions to the other. The possibility that this 
novel organization occurs in other homoeotic loci is suggested 
by recent evidence that each of the other two domains of the 
BX-C contains a single homoeo box and multiple transcription’ 
units (F. Karch and W. Bender, personal communication; S. 
Sakonju and D.S.H., unpublished experiments). 
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`The branch site of lariat RNAs produced during the splicing of the first two late leader exons of adenovirus-2 has a structure 
There is a distinct complementarity between sequences preceding the adenosine at the branch site and the 




















EUKARYOTIC genes frequently contain intervening sequences 
-that are removed from precursor RNAs by splicing. Introns 
< occur in many genes coding for proteins, transfer RNAs and 
ribosomal RNAs in nuclear, mitochondrial and chloroplast 
< DNAs”, yet no single general mechanism seems to be involved 
in this splicing. Detailed studies of in vitro splicing of precursor 
“tRNAs revealed that two ligation pathways operate in plant and 
animal systems*’’. The plant pathway involves ligation of two 
“tRNA exons with 5’-phosphate and 2'-3’-cyclic phosphate ends, 
p 


leading to the formation of a Nz” wn bond’. The cyclic 


- phosphate is displaced to the 2’ position in the above structure. 
“In precursor (pre)-tRNA splicing in HeLa cell extracts, however, 
| two exons with a 5’ hydroxyl group and 2',3’-cyclic phosphate 
--ends are joined in a normal phosphodiester bond®’. A com- 
_ pletely different mechanism operates in the splicing of rRNA 


* Permanent address: Institute of Biochemistry and Biophysics, Polish 
Academy of Sciences, 02-532 Warsaw, Poland. 


Fig. 1 a, Time course of the appearance in a 
HeLa nuclear extract of the products of splicing 


using the SP6 RNA polymerase-generated pre- a 
RNA. Pre-RNA labelled with all four [a- 
32P]NTPs was incubated in a HeLa cell extract Xn [VS-L2(A)- 


with (lanes 1-5) or without (lanes 6-10) 1.5 mM 
ATP for the times indicated above the lanes. 
The RNA products were analysed on a 10% 
polyacrylamide 8 M urea gel; lane 11,°*P-DNA 
markers from Hincll digest of ®X174 DNA. 
Left, structures of the various RNAs produced 
in the reaction; below, the structure of the DNA 
transcription template. LI and L2 are the first 
and second leader exons of the Ad-2 major late 
transcription unit; [VS-1 is a shortened form of 
the first intervening sequence; IVS-2 a portion 
of the second intervening sequence; the hatched 
box represents sequences upstream of the in 
vivo RNA start site present in the RNA made 
with SP6 RNA polymerase. b, Analysis of the 
nuclease P,-digestion products of purified IVS- 
A by two-dimensional TLC using solvent A in 
the first dimension and solvent B in the second 
dimension. ¢, The branched oligonucleotide 
was eluted from the plate in b and digested 
with snake venom phosphodiesterase. The 
products were analysed by two-dimensional 
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precursors in the protozoan Tetrahymena’. A series of 
transesterification reactions initiated by an attack of the 3’ 
hydroxyl group of a guanosine cofactor is catalysed by the RNA 
molecule itself*'®. The products consist of a normal phos- 
phodiester bond linking the two exons and the excised interven- 
ing sequence that is subsequently circularized. 

The recent developments of in vitro systems capable of 
splicing precursors of messenger RNA allows the mechanism 
of the reaction to be elucidated!!! . Using a pre-RNA containing 
sequences from the adenovirus-2 (Ad-2) major late transcription 
unit and a whole-cell extract of HeLa cells, we have shown 
previously that splicing requires Mg”* and ATP (ref. 14) and is 
inhibited by antisera against small nuclear ribonucleoprotein 
particles containing U! RNA". In this system, a 5’-terminal cap 
structure on the Precursor RNA is required for splicing'’. The 
reaction results in the formation of the spliced exons and the 
intervening sequence excised as a lariat RNA'*'’. Early in the 
reaction a probable intermediate, consisting of the lariat form 
of the intervening sequence joined to the 3’ exon, was 
detected'*'*, We have shown previously’ that both lariat RNAs 
contain an unusual nuclease-resistant structure, an oligonucleo- 
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TLC using solvent A in the first dimension and solvent C in the second dimension. 

Methods. Pre-RNA (460 nucleotides) was transcribed from a Bgli-cleaved pRSP-1-A IVS DNA template with SP6 RNA Polymerase using a 
. Nuclear extract was prepared from uninfected HeLa cells as described previously”. Standard splicing 
reactions (25 yl) contained: 50,000 c.p.m. **P-RNA precursor, 1.5 mM ATP, 5 mM creatine phosphate, 2.5 mM MgCl, 44mM KCI, 8.8 mM 
HEPES pH 7.6, 0.2 mM EDTA, 0.9 mM dithiothreitol, 7.5% glycerol and 11 wl nuclear extract. After 2h of incubation at 30°C, RNA was 
extracted and analysed on a 10% polyacrylamide 8 M urea gel'®. Preparative reactions contained 5-25 x 10° c.p.m. YP-RNA and were carried 
out in a total volume of 100 pl. IVS-A RNA from a preparative splicing reaction was purified by polyacrylamide gel electrophoresis. Nuclease 
P, digestions were carried out in 10 pl of 50 mM ammonium acetate pH 5.3 with | pg enzyme for | h at 50 °C. Snake venom phosphodiesterase 
digestions were carried out in 10 pl of 50mM Tris-HCI pH 7.8 with | pg enzyme for 1 h at 37°C. Products of the digestions were separated 
by two-dimensional TLC on cellulose plates (Merck) using solvent A (isobutyric acid/concentrated NH,OH: H20; 577:38:385), solvent B 
(1-butanol/concentrated HCI/H,O; 14:3:3) or solvent C (saturated (NH,),SO,/1 M sodium acetate/ isopropanol; 80:18:2). In the experiment 
described here, the ratio of incorporation of [a-**P]-NTPs into pre-RNA was as follows: A/1.0, G/2.0, U/0.7, C/ ~ 1.5. 














Fig. 2° a, Two-dimensional RNA 

fingerprint analysis of an RNase A 
digestion of purified pre-RNA 
labelled with [a->" P]GTP. b, Two- 
dimensional RNA fingerprint 
analysis of RNase A digestion of 
purified IVS-A RNA labelled with 
[a-*?P}-GTP. c The branch- 
containing oligonucleotide from b 
was digested with RNase T, and 
analysed by TLC in solvent A in 
the first dimension and solvent B 
in the second dimension. d, The 
branch-containing oligonucleotide 
from b was treated with phos- 
phatase followed by periodate 
cleavage and gB-elimination fol- 
lowed by phosphatase. The prod- 
ucts were analysed by TLC as in c. 
The positions of the unlabelled A 
2'pS'G and A 3'p5'G markers 
(Sigma) are indicated. e, Sequence 
of pre-RNA with all RNase A 
oligonucleotides: numbered. Se- 
quences corresponding to exons 
and introns.are indicated and the 
AU dinucleotide at the branch site 
is underlined. 

Methods. RNA fingerprint analysis. 
RNA was dissolved in 20 pl 10 mM 
Tris-HCl (pH 7.5), 1mM EDTA 
and digested with 1.25 ug RNase 
A for 2h at 37 °C. The sample was 
lyophilized, resuspended in 3 ul of 
H,O and the oligonucleotides sep- 
arated by electrophoresis on cel- 
lulose acetate from left to right fol- 
lowed by homochromatography on 





DEAE-cellulose plates from bottom to top as described previously’. The branch-containing oligonucleotide was isolated from the DEAE- 
cellulose plate by elution with I M triethylamine bicarbonate, then digested with RNase T, (Calbiochem) (2 U in 50 mM Tris-HCI, pH 7.7) 
for 3h at 37°C or with calf alkaline phosphatase (Boehringer) (1 U in 50 mM Tris pH 7.7) for 1.5 h at 37°C. Phosphatase-treated branched 
oligonucleotide was subjected to periodate oxidation in 10 pl 0.1 M NalO,, 0.1 M sodium acetate pH 5.3 for 2h at 20°C in the dark followed 
directly by analine treatment in 25 pl of 0.5 M aniline 0.2 M sodium acetate, pH 5.3, for 3 h at 20°C in the dark>?, The sample was extracted 
with phenol/chloroform (1:1), lyophilized and digested with phosphatase as above. 


tide which is similar to the branch trinucleotide described pre- 
viously”’, containing 2'-5' and 3'-5’ phosphodiester bonds joined 
to a single adenosine residue'’. The in vitro splicing of human 
B-globin pre-mRNA is similar’'. In neither study was a complete 
analysis of a branch oligonucleotide reported. 

We present here a detailed characterization of the branch 
oligonucleotide. Specifically we show that: (1) the branch tri- 
nucleotide has a structure of A3250; (2) the S’-terminal G of 
the intervening sequence is joined directly to the adenosine 
residue at the branch site; (3) the phosphate group from the 5’ 
splice site is incorporated into the 2'-5’ phosphodiester bond; 
(4) the branch site is 24 nucleotides upstream of the 3’ splice 
site; and (5) the probable intermediate in the reaction, the 5’ 
exon, terminates in a 3’ hydroxyl group. 


Substrate and reaction conditions 


As a model substrate in our studies, we have used a precursor 
RNA containing the first two leader exons (L1 and L2) of the 
Ad-2 major late transcription unit separated by a deleted form 
of the intervening sequence'®. Pre-RNA was transcribed by SP6 
RNA polymerase from a DNA template containing an SP6 
promoter cloned upstream of the Ad-2 sequences'’. Trans- 
cription of this substrate was primed using a G(5')ppp(5‘)G 
dinucleotide’’ and in most cases, the pre-RNA processed by 
incubation in a HeLa nuclear extract’. All the characteristic 
products and intermediates described previously for the whole- 
cell extract reaction were also detected after incubation in the 
nuclear extract; specifically, the splicing reaction displayed a 
similar time course and dependence on Mg** and ATP (Fig. 
la). Moreover, as has been reported previously'*?', the 
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efficiency of RNA processing was significantly higher in the 
nuclear extract than in the whole-cell extract (data not shown) 


Oligonucleotide branch structure 


To analyse the base composition of the nuclease-resistant struc- 
ture in the lariat RNAs, the excised intervening sequence, IVS-A. 
RNA, was isolated from a splicing reaction in which the pre- 
RNA was labelled with all four [a-*?P]-labelled nucleoside ` 
triphosphates (NTPs) (Fig. 1a). IVS-A RNA was digested to 
completion with nuclease P, and the products separated by 
two-dimensional TLC (Fig. 1b). In addition to the four antici- 
pated nucleotides, a nuclease-resistant oligonucleotide was. 
resolved, purified and then digested with snake venom phos- 
phodiesterase, yielding radiolabelled pA, pG and pU but no pC 
(Fig. Ic). Thus, the nuclease P,-resistant oligonucleotide is 
composed of A, G and U residues in approximately equal molar 
quantities. (The variation in radioactivity between the three 
mononucleotides in Fig. 1c is due to differences in specific 
activity.) We have reported previously that B-elimination of the 
P, nuclease-resistant oligonucleotide yielded a 2’,3',5’ ATP 
(5’pA3%) residue’, suggesting that the G and U are linked to 
the 2' and 3’ positions at the RNA branch point (see below). 
The lariat structure of the intervening sequence is formed by 
the joining of sequences at the 5’ splice site to a site near the 
3’ end of the molecule'’. Neither the earlier study nor the above 
data, however, established that the G at the 5’ end of the IVS 
was retained in the formation of the branch. Definitive identifica- 
tion of this G as part of the branch was provided by an analysis 
of [a-**P]GTP labelled RNA. Pre-RNA and IVS-A RNA were 
digested in parallel with RNase A and analysed by two- 


















dimensional fingerprint chromatography (Fig: 2a;b). A unique 
branch-containing oligonucleotide was identified in the [VS-A 
RNA digest that was absent from the pre-RNA digest. Sub- 
sequent RNase T, digestion of this purified oligonucleotide 
released a radiolabelled Up and a product migrating in the 
two-dimensional TLC system with the same mobility as the 
previously-described RNase T,-resistant branch trinucleotide 
(Fig. 2c and ref. 19). These results are consistent with the 
following scheme: 


























* 
PGpuptG) ... RNase A RNase Ty pGp 
wee PY áy > A Steen E | 
DU o> pup 


ij 


I It III 








(* Denote **P-phosphate residues, | and | indicate cleavage 
ites of RNases A and T,, respectively.) The net charge of 
structures II and HI was determined by DEAE TLC; consistent 
with the above scheme, the RNase A product (II) had a net 
charge of —7 and treatment with RNAse T,, yielded products 
with net charges of —6 and —2 (data not shown). 

The sequence GUG, established by these data as one arm of 
the branch, is expected if the 5’ splice site is retained precisely 
in the reaction. As the radioactive phosphate in oligonucleotide 
Il is found in a 2'-5' phosphodiester bond (see below), the 
phosphate at the 5’ splice site must be conserved in branch 
formation. 

Two alternative branch structures are in agreement with the 
data presented so far, which differ by the distribution of G and 
U at the 2’ or 3’ position: 
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To distinguish between these two possibilities, the RNase A 
ligonucleotide containing the branch site (structure II) was 
isolated from [a-**P]GTP-labelled IVS-A RNA (Fig. 2b) and 
treated consecutively with phosphatase, periodate/analine (B- 
elimination), then phosphatase. This sequence of reactions 
“should yield the following set of labelled products: 
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(* Denote **P-phosphate residues.) Structure a would yield the 
dinucleotide A2’p5'G, whereas structure b would yield A3'pS’G, 
with a **P-phosphate released in both cases. As shown in Fig. 
2d, the product of the reaction co-migrates in two-dimensional 
TLC with the marker A2'p5’G and not with the marker A3’p5’G, 
thus the 5‘ terminal G residue of the intervening sequence is 
joined via a 2’-5° phosphodiester bond to an A residue. 


Location of branch site 


The branch site is in the RNase T,-resistant oligonucleotide 
UCAUACUUAUCCUG, within the intervening sequence from 
19 to —32 nucleotides from the 3’ splice site’. This oligonucleo- 
tide contains two AU dinucleotides (underlined in the sequence 
above) consistent with the established structure of the branch. 
To discriminate between the two alternative branch sites, we 
took advantage of the fact that one of the above AU sequences 
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Fig.3 Localization of the branch site by nearest-neighbour analy- 
sis. IVS-A RNAs labelled with either [a-°?P]-ATP (a, b) or[a-**P]- 
CTP (c,d) were digested with nuclease P, (a,c) or RNase T, 
(b, d). Products of the reactions were resolved by TLC on cellulose 
plates in solvent A in the first dimension and solvent B in the 
second dimension. Positions of nucleoside 5’ or 3’ monophosphate 
markers and the branched trinucleotide are indicated. The addi- 
tional spot observed near the centre of plates a and c is cytosine 
5' phosphate, 2’,3’-cyclic phosphate, originating probably from the 
nonspecific breakdown of RNA (data not shown). Digestions with 
RNase T, (Calbiochem, 1 U in 50 mM ammonium acetate pH 5.3) 
were for | h at 50°C. Digestions with nuclease P, were as in Fig. 
1 legend. 


is followed by an A whereas the other is followed by a C residue. 
A phosphate transfer analysis was thus performed by digesting 
IVS-A RNA labelled with [a-**PJATP or [a-*°P]CTP in parallel 
with RNase T, (Fig. 3). As the branched trinucleotide was 
labelled with [a-**P]CTP (Fig. 3d) but not with [a-*°P]-ATP 
(Fig. 3b), the downstream AU sequence is the exclusive site of 
branch formation. Nuclease P, digestion was performed as a 
control for specific labelling of the IVS-A RNAs and to demon- 
strate the presence of a branch trinucleotide in the [a-**PJATP- 
labelled RNA (Fig. 3a,c). 

As a further demonstration of branch location, the branch 
containing RNase T, oligonucleotide was isolated from IVS-A 
RNA labelled with both [a-**P]CTP and [a-*’PJUTP and 
digested subsequently with the A-specific RNase U2. RNase U, 
cleavage requires a 2’-hydroxyl group and therefore will not 
cleave after the A residue at the branch site. RNase U, digestion 
of the branch containing RNase T, oligonucleotide produced 
UCA, UA and a large branch-containing oligonucleotide 
CUUAGccug (Fig. 4a). A control digestion of the equivalent 
RNase T, oligonucleotide isolated from pre-RNA gave the 
expected products UCA, UA, CUUA and UCCUG (Fig. 4b). 
This and the above analyses demonstrate that the branch con- 
taining RNase T, oligonucleotide has the structure 
UCAUACUUA Ë ccuc- 


Structure of the first exon intermediate 


We have shown previously that the IVS-L2-A RNA is a lariat 
RNA species composed of the intervening sequence and the L2 
exon’®!?, This RNA appears early in the splicing reaction and 
is probably part of an intermediate (ref. 18 and Fig. 1a). The 
IVS-L2-A RNA results from a cleavage at the 5’ splice site of 
precursor RNA ="; the same event should produce the LI RNA, 
recoverable as a free 5' exon. An RNA species of the appropriate 
length (~120 nucleotides) appeared early in the reaction in an 















Fig. 4 Localization of the branch site by RNase U, analysis. Two-dimensional RNA fingerprint analysis of RNase U, digestions. of: a, the 

branch containing RNase T, oligonucleotide from IVS-A RNA, and b, the analogous, unmodified RNase T, oligonucleotide from pre-RNA. 

IVS-A RNA and pre-RNA were labelled with both [a-?*P]-CTP and [@-??P]-UTP. The RNase T, oligonucleotides were isolated froma 15% 

polyacrylamide 8 M urea gel!” and digested with 0.01 U RNase U, (Calbiochem) in 20mM sodium citrate PH 3.5 for 30min at 30°C. 
Two-dimensional fingerprint chromatography was as in Fig. 2. 
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Fig.5 Structure of the 3’ end of LI RNA produced in the splicing 
reaction, a, Two-dimensional RNA fingerprint analysis of LI RNA 
labelled with all four [a-*?P]NTPs and digested with RNase A. b, 
LI RNA subjected to periodate oxidation and B-elimination** was 
digested with RNase A and analysed by two-dimensional RNA 
fingerprinting. The dashed circle denotes the expected position of 
the oligonucleotide GpGpGy,,. The GpGpG,,, oligonucleotide 
from a was treated with nuclease P, (c) or RNase T, (d) and 
analysed by TLC as in Fig. 16. A control oligonucleotide, 
GpGpGpCp, was treated with nuclease P, (e) or RNase T, (f) 
and analysed by TLC as in Fig. 1b. RNase A digestions were as 
in Fig. 2. The products were separated by electrophoresis on 
cellulose acetate’? from right to left and by chromatography on 
DEAE thin layer plates in 0.1 M ammonium formate, 9 M urea, 
1 mM EDTA” from bottom to top. 





























































TP-dependent fashion . la). This RNA contai 
sequences, shown by RNase A fingerprint analysis and hybridiz- 
ation to single-stranded M13 DNAs containing sequences com- 
plementary to the 5’ portion of the pre-RNA (data not shown). 
As the 3’ end of the LI RNA is involved potentially in the 
formation of the spliced product, we sought to determine its 
structure. The LI RNA cleaved precisely at the 5’ splice site 
should have a 3’ sequence of ... UGGG (see Fig. 2e). As shown 
above, the phosphate moiety from the 5' splice site is contained 
in the 2'-5' phosphodiester bond of the branch. Thus, it is 
probable that the LI RNA has a 3’ hydroxyl terminus. To 
investigate this, an RNase A digestion of the purified LI RNA 
was analysed by a two-dimensional fingerprint. A unique 
oligonucleotide with the anticipated mobility of GpGpGoy; is 
present in LI RNA labelled with four [a-**P]NTPs (Fig. 5a) or 
[e-**PJGTP (data not shown). This oligonucleotide is not pres- 
ent in LI RNA labelled with [a-**PJCTP. It is also absent from 
both L1-2 RNA and pre-RNA labelled with all four[a-**P]NTPs 
(data not shown). If the Li RNA terminates with 2’ and 3’ 
hydroxyl groups, then periodate oxidation and -elimination 
should yield GpGp as a product of RNase A digestion. As 
anticipated, the GpGpGo,, oligonucleotide (net charge —2) was 
absent and a new oligonucleotide migrating at the expected 
© position of GpGp (net charge —3) appeared after this treatment 
(Fig. 5b), consistent with the location of GpGpGo,, at the 3° 
terminus of LI RNA. To confirm the identity of the GpGpGoy 
oligonucleotide, we determined its base composition by elution 
from the fingerprint and digestion with RNase T, or nuclease 
P,. Only the anticipated products Gp and pG were observed 
(Fig. 5c,d); control digestions on oligonucleotide GpGpGpCp 
yielded the expected products (Fig. 5e,f). Note that nuclease 
P, digestion did not release phosphate from oligonucleotide 
GpGpGou, consistent with the presence of a 3’ terminal 
hydroxyl group. The assignment of the 3’ hydroxyl group in the 
_L1 exon agrees with the previous finding that the phosphate 
moiety at the splice junction of the two exons is derived from 
the 3’ splice site'’. 


Mechanism of mRNA precursor splicing 


‘On the basis of the work reported here and other recent 
findings'*'°", we propose a scheme for the splicing of mRNA 
precursors (Fig. 6). A multicomponent precursor mRNA- 
ribonucleoprotein complex with a poorly defined structure is 
‘formed first; it probably contains a small nuclear U1 ribonu- 
cleoprotein particle bound to the 5’ splice site'***. An involve- 
“ment of other small nuclear ribonucleoproteins in mRNA 
splicing is also possible****. The lag in the time course observed 
in vitro? and the recognition of the 5’ cap structure at an 
early stage of the reaction” may reflect an ATP-dependent 
organization of precursor into a complex which properly posi- 
‘tions the two exons. 

The first characterized step in the reaction is cleavage of the 
RNA precursor at the 5’ splice site, producing a 5’ exon terminat- 
ing in a 3’ hydroxyl group and a lariat structure containing the 
remainder of the RNA. The branch in the lariat results from 
“the joining of the 5° terminal G of the intervening sequence to 
the 2’ hydroxyl group of an A. The branch site in this particular 
‘example is positioned 24 nucleotides upstream of the 3’ splice 
site. Interestingly, there is a distinct complementarity between 
the sequences at the 5’ terminus of the intervening sequence and 
> the nucleotides preceding the A at the branch site (see Fig. 6). 
The close proximity of the 2’ hydroxyl of the A at the branch 
site to the 5’ splice site in a secondary structure could facilitate 
the cleavage/ligation reaction. It is not clear whether cleavage 
at the 5’ splice site and formation of the 2’-5’ phosphodiester 
bond occurs through a concerted transesterification reaction® or 
‘through a series of enzymatic cleavage/ligation reactions. The 
phosphate group from the 5S’ splice site (circled in Fig. 6) is 
_retained in the 2’-5’ phosphodiester bond of the branch structure, 
“consistent with the released 5’ exon terminating in a 3’ hydroxyl 
< group. A second cleavage/ligation reaction joins the two exons 
by a 3'-5' phosphodiester bond and releases the lariat form of 
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Fig. 6 Proposed scheme of pre-mRNA splicing. 


the intervening sequence with a 3’ hydroxyl group'”. In this 
reaction, the phosphate group at the 3’ splice site (enclosed by 
a diamond in Fig. 6) is joined to the 3’ hydroxyl group of the 
5’ exon. As in the previous step, this reaction could either 
proceed as one concerted transesterification reaction, or could 
consist of a series of separate reactions. 

The degree of complementarity (10 base pairs (bp) including 
G:U pairing) between sequences at the 5’ splice site and the 
branch site of IVS-1 is probably greater than that found in other 
introns. The equivalent complementarity in the case of human 
B-globin is 9 base pairs”. 

*ACUAUGGUUG:GA® 


5' splice site of IVS-1 


Some complementarity is found also in yeast mRNA introns, 
where the conserved sequence UACUAAC is required upstream 
of all 3' splice sites; the sequence at the 5’ splice site is almost 
invariably G: GUAUGU?"**, these two sequences being com- 
plementary”. Single base changes in the yeast intron 
UACUAAC sequence reduce the efficiency of splicing”; the 
UACUACC variant is totally defective in splicing, not surpris- 
ingly as the mutated A is probably the base of the branch site. 

Sequences encompassing potential branch sites in mammalian 
introns are not as highly conserved as the yeast equivalent. A 
search of mammalian intron sequences using the yeast paradigm 
yielded a consensus sequence of CTGAC”. In the rabbit B- 
globin large intron, deletion of sequences containing the best 
example of this consensus sequence, almost certainly the normal 
branch site, did not abolish accurate splicing in vivo’. Although 
alternative branch sites might be used in these mutants, these 
data suggest that the branch site sequence is not the major 
determinant for selection of 3’ splice sites. 

The sequences near the 5’ splice site are complementary to 
both the 5’ terminal sequences of UI RNA and branch-site 
sequences (see Fig. 6). Base-pairing between the 5’ terminus of 
U1 RNA and the 5’ splice site is thought to mediate recognition 
for splicing; following selection of the 5’ splice site, the Ul 
RNA could be displaced by branch-site sequences. As described 
above, the efficiencies of splicing may not be highly dependent 
on the degree of complementarity between the 5’ splice site and 
the branch site. Accurate splicing in vivo has been often observed 
with chimaeric genes, where the 5' splice site and the 3’ splice 
site (including the branch site) originated from two different 
and unrelated genes (see, for example, ref. 31). The degree of 
complementarity between the branch site and the 5’ splice site 
may regulate the rate of splicing by stabilizing their interaction. 
For example, it might determine the order of excision of multiple 














“introns in a single transcript. In cases where alternative splice 
sites are used, the relative strengths of the interactions may 
determine the ratios of splice site use. Until the branch sites 
used in such RNAs are determined, these possibilities are 
difficult to evaluate. 

The formation of a branch seems to be a unique feature of 
the splicing of pre-mRNAs. This unconventional structure might 
be simply a result of the splicing mechanism. It is also possible, 
however, that the reactive 5’ end of the intervening sequence is 
prevented in this way from recombining with the 5’ exon, driving 
the reaction in the forward direction’. Finally, the branch struc- 
ture might serve as a positive signal for rapid degradation of 
intervening sequences in vivo. 

The pathway of splicing described here may not be restricted 
necessarily to nuclear protein-coding genes. A recent finding 
that the excised, circular intervening sequence produced during 

splicing of the transcripts of the yeast mitochondrial gene for 

subunit I of cytochrome c oxidase may be a lariat RNA contain- 
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Deep charge-coupled device (CCD) images of the quasi-stellar 
object (QSO) identified with the Einstein X-ray source Pavo XD-10 
show an optical structure that is dramatically extended. Here we 
discuss the morphology, the photometry from the CCD data, and 
the limited spectral information which indicates a redshift (z) of 
0.72 for the system. We show that if the extended structure 
represents a galaxy hosting the z = 0.72 QSO, the galaxy luminos- 
ity is 2 mag brighter than the host galaxies detected for QSOs at 
lower redshifts. Instead, the system may be the result of a galaxy— 
galaxy interaction. A third and more speculative possibility is that 
it is the result of gravitational lensing, with much of the ‘underly- 
ing’ structure representing the lens galaxy in the line-of-sight. 
Pavo XD-10 was identified as an X-ray QSO in a detailed 
investigation! of the Pavo field in the Einstein Observatory deep 
X-ray survey”. To extend this investigation, we took broad-band 
(BVRI) exposures of several areas in the Pavo field at the prime 
focus of the 3.9-m Anglo-Australian Telescope (AAT) in Sep- 
tember 1981, using a CCD camera built at the Royal Greenwich 
Observatory (RGO)’. We noted then the extension to Qso 





ing a branch structure (L.A. Grivel, personal communication 















suggests that the splicing mechanism operating in these two 
classes of genes is similar. Moreover, the fact that nuclear intron 
contain internal sequences important to splicing (branch sites 
relates this class of introns to both mitochondrial mRNA introns 
and nuclear and mitochondrial rRNA introns (for. review see 
ref. 3). Further studies are necessary to determine whether the 
structural similarities of these introns are accompanied by a 
corresponding resemblance in the mechanisms of splicing. 
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Fig. 1 A photographic representation of the region about Pavo 

XD-10 (1950.0 a = 21h 1] min 32.6s, ô = —67° 54 26”), obtained 

from the 3,600-s I-band image taken with a CCD camera at the 

Cassegrain focus of the Danish 1.5-m telescope at ESO/La Silla. 

The QSO identification is the image elongated north-south in the 
centre of the frame, object ‘a’ of ref. 1. 


XD-10. Much better observing conditions (photometric, with’ 
l arcs seeing) were obtained during the commissioning of a 
second RGO CCD camera at the f/8 Cassegrain focus of the 
Danish |.5-m telescope at the European Southern Observatory 
(ESO)/La Silla in August 1982. Both CCD cameras were based 
on RCA 53612 detectors cooled to 150 K in N, cryostats: The: 








~20" ~10" 10" 20” 





‘images (512 x320 pixels, each 0.49 x 0.49 arc s at the AAT prime 
focus, 0.47 x0.47 arcs at the 1.5-m Cassegrain focus) were 
obtained in a BVRI system calibrated by observations of a 
“sequence near NGC288* and near NGC300°. With the AAT we 
“used exposure times of 240s in B and V, and 400s in R and J, 
whereas with the 1.5-m telescope, we took exposures of 3,600 s 
-each in R and I. Analysis was carried out at the RGO node of 
the STARLINK computer network (SERC). 

0: The single optical spectrum available’ is of low signal/noise 
vratio, showing a blue continuum and a single emission line at 
4,800 A. If this line is Mg 11 A2798, then z = 0.72; a second, but 
less probable, possibility is C 1] A1909, z= 1.51. A possible 
broad absorption feature is at 5,180 A. 

A photographic representation of the region of the I-frame 
s shown in Fig. 1, whereas Fig. 2 shows contour maps in R and 
d. The QSO appears embedded in a nebulosity, which is extended 
“to the south-east and in a curve to the north-east. This structure 
suggests neither spiral nor elliptical galaxy morphology. In the 
I observations, the extended structure to the south peaks as a 
second maximum (Fig. 2b), the separation of the peaks being 
1.6 arc s. 

Table | shows the results of our photometry. The magnitude 
of the total system was determined from simple aperture photo- 
metry. In- the R and I frames, the nucleus of the system, 
designated as ‘QSO' in Table 1, has the same profile as that of 
_ the point-spread function determined from stars in these frames. 
Accordingly, we determined the magnitude of the nuclear com- 
ponent from the height of this (stellar) profile above the nebulos- 





Table 1 Magnitudes for Pavo XD-10 





Magnitudes in: B V R I 


QSO +nebulosity 19.6 19.5 18.9 18.0 
QSO 19.6 19.1 
Nebulosity 19.7 18.5 


“Seeing conditions in B and V frames did not permit separation of 
-stellar and nebulous components. 
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Fig. 2 Contour plots from the cleaned CCD images of the 50x50 arc s field about Pavo XF-10; a, R-band, 3,600-s; b, I-band, 3,600-s 
Danish 1.5-m telescope. The cleaning process included removal of DC offset, flat-fielding, patching of a few cosmic-ray events and smoothing 
with a gaussian filter of a = 0.5 pixels. The axes indicate arc s in RA and dec. with origins at the optical image identified with Pavo XD-10 
(image ‘a’ of ref. 1). The contours are at intervals of 0.5 mag arc s~*, starting at 23 mag arc s~* in / and 25 mag arc s~? in R, these representing 
about 1% of sky brightness in each passband. 


ity; the magnitude of the nebulosity was then estimated from 
the total intensity less that of the stellar nucleus, the ‘QSO’. The 
total R and I magnitudes, measured from 1.5-m telescope data 
obtained in photometric conditions, have r.m.s. errors of 
0.1 mag. The B and V magnitudes from the AAT observations 
have larger errors of 0.2 mag, some of which is due to sig- 
nal/noise and to errors in background estimation as for the R 
and J magnitudes, and some to uncertainty in zero-point deter- 
mination. Conditions were not photometric, and to set zero 
points we plotted (B — V) against (V—R) for the 12 brightest 
stars in the frame. These are predominantly G stars and form 
a well-defined locus in the two-colour plane, from which, given 
the R magnitudes from the 1.5-m data, zero-points in B and V 
could be estimated. These limited BVRI colour data (Table 1) 
demonstrate that the nebulosity is redder than the stellar core, 
which dominates the light of the system in B and V. 

The system may be associated with a faint group of galaxies 
whose colours and magnitudes are consistent with ellipticals at 
z~0.7. Figure | shows several extended images just north-west 
of Pavo XD-10, including a disk galaxy 1l arcs north-west. 
Using aperture photometry on the CCD images, magnitudes in 
R and I were measured for nine of these objects. From these 
(and excluding the disk galaxy), R =21.140.1 mag and R~ T = 
1.2+0.1 mag, where the uncertainties are r.m.s./V N —1. The 
assumption of a typical elliptical luminosity of B* = —20.6 mag 
(Ho=50kms~'Mpe™')® and (R-J) colours for elliptical 
galaxies as a function of redshift, computed by C, R. Benn and 
G. Grueff (personal communication) from established spectral- 
energy distributions”*, yields an estimate for the distance corre- 
sponding to z = 0.7. The mean colour is consistent with ellipticals 
at 0.3<z<0.8. The group is ~60 arcs in extent, corresponding 
to ~500 kpc at z =0.7. 

These results permit several interpretations. First, the QSO is 
in a galaxy, which itself is located in a group or cluster. Following 
the approach of Wyckoff et al’, the angular extent of the radial 
profile at R = 26 mag arcs 7 is 0 =8 ares. At z + 0.72, the system 
lies on the extrapolated plot of log cz against log @ obtained 
by Wyckoff et al. in their survey of structure in 15 low-redshift 
QSOs. If this interpretation is correct, and z = 0.72 is confirmed, 




































































t QSO for which associ- 
gh Gehren et al.'° report 
some underlying structure for a QSO at z = 0.83). However, the 
nebulosity lies well below the Wyckoff et al. plot of log 8 against 
log R, and well above their line for the brightest cluster galaxies 
in the log cz against R, (corrected) plot. The host galaxy appears 
to be too bright by at least 1 mag. 

Suppose instead, then, that the nebulosity represents a galaxy- 
galaxy interaction, as suggested by its bent shape and the pres- 
ence of two nuclei in the J image (Fig. 2b). Others'''? have 
drawn attention to the importance of interactions in the QSO 
phenomenon. If two galaxies are involved, the total angular 
extent and magnitude are not representative of a single object, 
and it is then plausible for the system (two galaxies, the nucleus 
of one having flared to become a QSO) to have a redshift as 
high as z = 0.72. 

A third possibility is that the QSO and the nebulosity are 
completely independent, the QSO at z=0.72, the nebulosity a 
galaxy near the line-of-sight at a redshift of 0.2-0.4. The colour 
(R-J=1.2) and magnitude (R = 19.7) are consistent with an 
elliptical or early spiral (Sab) of moderate luminosity at such a 
distance; the weak absorption feature in the spectrum (of very 
marginal significance) at 5,180 A could represent the Ca 1 H 
and K break at A4,000, z=0.30. Considerable gravitational 
amplification of the QSO image is probable with such a configur- 
ation. There are two simple possibilities: the two peaks in the 
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High time-resolution radar measurements of ionospheric electric 
fields have recently permitted studies of low-frequency hydromag- 
netic waves, but most of the research has depended on electron 
drift velocity from data obtained from the Scandinavian Twin 
Auroral Radar Experiment (STARE), taken at high latitudes 
(Àm ~ +70°) and used to study oscillations with periods of 200- 
300s. At high latitudes, the low-frequency pulsations provide 
important information on the magnetospheric plasma process'~, 
but, at low latitudes, coupling of the ionosphere and magnetosphere 
remain unexplored. The purpose of our study is to examine the 
fluctuations in the electric field on a time scale longer than ion 
cyclotron periods, T,;~ 0.6 s (ref. 4), or for frequencies w « w,,~ 
10° rad s™* (the ion cyclotron frequency in the equatorial iono- 
sphere), which haye not been studied at low latitudes. We report 
here observations of these waves with periods larger than 45 s from 
the high time-resolution data taken at Jicamarca, Peru. 

The Jicamarca Radar Observatory near the geomagnetic 
equator (magnetic dip ~2°) at 75°W longitude provides 
observations of ionospheric electron drift velocities through the 
incoherent scatter technique”. The electric field is determined 
from the electron drift velocity, V, = E x B/ B? (where E and B 
are the electric and magnetic field vectors, respectively), which 








perhaps obscured by the central region of the galaxy. On the 
first model, assuming that the galaxy is an isothermal sphere", 
the observed separation of 1.6 arc s implies a line-of-sight veloc- 
ity dispersion o, of 240km s”' and an intrinsic separation 
(QSO-galaxy nucleus) of <0.8 arcs; on the second model, the 
intrinsic separation in arcs is 1.6—0.8(0,/240)*. For the first 
model, the QSO would be amplified by a factor >2. We can 
only avoid significant amplification if the galaxy has little mass. 
(o,<150 km s~'), in which case the second model of only one. 
image would apply. Note, however, that the gravitational poten- 
tial of any cluster around the galaxy aids the lensing process 
(as with the double QSO 0957 + 56). Finally, if the QSO is small 
enough (~ 107? pc), individual stars in the galaxy can act as 
lenses. With light from the QSO passing 1.6 arc s from the centre 
of an isothermal galaxy, the probability of large amplification 
(> 2) is ~(o,/600)* (ref. 13), which is again appreciable for a’ 
moderately massive galaxy. If we are indeed seeing an interven: 
ing galaxy, the small galaxy-QSO separation makes strong lens- 
ing difficult to avoid. 
We thank the Danish time allocation committee for use of 
the 1.5-m telescope, Henning Jorgensen for generous assistance 
during the observations and Sue Worswick and Richard Ellis. 
for very helpful discussions. R.G. is on leave from Istituto 
Astrofisica Spaziale, CNR, CP67, 0044 Frascati, Italy. 
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in the equatorial ionosphere is approximately vertical under the 
influence of the east-west electric field. The average ` 
characteristic of the equatorial ionospheric electric field and its | 
long-duration variations have been reviewed by Balsley®. 

The observations of electron drift velocity were made on 10 
October 1981 beginning at 14:21 local time (75° W). The data 
were obtained at the initial altitude of 200 km and then at height 
increments of 15 km, of which there were 50, so that the highest 
altitude was 935 km. We have analysed data from the antenna 
A, 3.4° to the west. To filter high-frequency noise or fluctuations, 
the original 3.0-s-interval data were smoothed by a 10-point 
smoothing/averaging process and the results over 20 min dur- 
ation are shown in Fig. | for altitudes of 200-935 km. The 
quasi-periodic fluctuations with 90-120-s periods (w ~ 0.01) are 
evident throughout, but particularly in the 4-8-min and 10-16- 
min intervals. These fluctuations approximately represent the 
vertical component of an oscillation of the electrons in the 
ionosphere (estimated amplitude varying from 250 to 500 m) 
under the influence of the east-west electric field component. 
Similar fluctuations are apparent in the data processed for a 
further 100 min. To obtain quantitative information, we have 
performed a power spectrum analysis of the drift velocity data, 
supplemented by an additional 20-min data set (14:41-15:01 
local time). The spectra were obtained from the 3.0-s data for 
the 10 heights shown in Fig. 1. The result for one altitude of 
245 km is presented in Fig. 2. The predominant frequencies are 
0.01, 0.008 and 0.014 Hz. As the data segment is 20 min, we do 
not consider the very low-frequency peak at 0.002 Hz reliable, 
but a frequency in the range 0.002-0.004 Hz is always present. -` 
At all 10 altitudes, the highest power occurs between 0.008 and 
0.0126 Hz, that is, wave activity is present of 80~125-s periodic- 
ity, and, in this frequency range, we do not find any systematic 
change in power with altitude. The visual and power spectrum 
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Fig. 1 Electron drift velocity versus time. The zero time is 15:01 

local time at 75° W. The data are from antenna A. The number on 

each plot designates the altitude in km. The scale for the drift 

velocity is 100 ms™'! for each division, the tick marks beginning 
with zero and —100 etc. for each plot. 


analysis of the electron drift velocity data establish the existence 
of low-frequency (w < wa) waves in the electric field. 
Although the analysis of the indirect observations of electric 
field alone does not allow a unique determination of the nature 
r source of the oscillations, we may identify various possible 
interpretations. The low-frequency fluctuations in the electric 
field may be associated with electrostatic or hydromagnetic 
modes. First, we consider the electrostatic mode. In a plasma 
with density or temperature gradients, low-frequency drift waves 
can be generated’. At the low latitudes and ionospheric altitudes 
relevant to our observations, the electron density and tem- 
perature show variations that indicate inhomogeneities in these 
‘plasma parameters*”. The ionospheric plasma is a low-f plasma, 
where $ is a ratio of plasma pressure to magnetic pressure. For 
example, 8 = 8ankT/B*~ 10°“, if we take the plasma density 
“n= 10° cm™ at 300 km over the geomagnetic equator, the plasma 
temperature T = 2,000 K and B =0.244G, extrapolated from a 
surface field of 0.28 G (k is Boltzmann’s constant). The plasma 
‘parameters are taken from Brace et al.* with the assumption 
hat n,~n,=n, T= T,= T, where e, i refers to electrons and 
ons, respectively. In a low-8 plasma, the drift waves are 
¿primarily electrostatic (see ref. 7 for the orientation of field 
perturbations), If we assume that the density gradient in the 
ertical (radial) direction and the wave vector, k, in the azimuthal 
_ direction are approximately perpendicular to B, the electric field 
perturbations will be parallel to k in the azimuthal direction. 
‘The component of the observed electric field fluctuations may 
be the drift mode driven by internal energy sources from the 
plasma gradients. 

Second, we consider the interpretation of these fluctuations 
as hydromagnetic modes, which have been studied by Tanen- 
baum and Mintzer'®. If we consider a simple model of a uniform 
“magnetic field in a uniform plasma, the transverse and longi- 
tudinal mode are uncoupled. For the transverse mode, k||B, the 
wave electric perturbation will be in a plane perpendicular to 
the meridian plane and perpendicular to B, that is, in a plane 
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Fig. 2 Power spectrum of electron drift velocity at an altitude of 
245 km. The data used in the analysis are from antenna A during 
14:41-15:01 local time. 


defined by azimuthal and radial directions. If we assume stand- 
ing waves along the magnetic field, œ = k; Va, where Va = 
B/ J4np in c.g.s. units. We calculate the plasma density at the 
ionospheric altitude of 300 km at low latitudes and compare it 
with the observations. For waves with period of 90s and ky = 
1/ R, where R = 6,471 +300 = 6,771 km, we obtain V, and then 
p from the value of B cited above. Assuming a pure hydrogen 
plasma with p = nm,, where m, is the proton mass, we obtain 
n=10°cm™?, but if we include heavy ions, the plasma density 
will be lower than this estimate. The estimate of n from this 
ote model is not inconsistent with the observations of Brace 
etal”. 

For the longitudinal mode, k B and k in the vertical (radial) 
direction, the wave perturbation in the electric field will be in 
a plane perpendicular to the meridian (B,k) plane with 
k- Ega = 0 and may appear in a component of east-west electric 
field. In this mode, it is possible that waves have been generated 
outside the ionosphere, that is, in the magnetosphere. The energy 
source in the magnetosphere requires propagation of energy 
perpendicular to the magnetic field, that is, in the radial direction 
from the magnetosphere, so as to reach the low-latitude ionos- 
phere. Recently, the Poynting flux in the radially-inward direc- 
tion has been observed by the geosynchronous satellite GEOS 
2 in low-frequency mode’! indicating that the low-frequency 
oscillations in the ionospheric electric field may have their origin 
in the magnetosphere. Further studies of these fluctuations may 
provide important information on the problem of low-latitude 
ionospheric-magnetospheric coupling. The low-frequency 
waves, when coupled to other modes, can provide a mechanism 
for energy transfer in the ionosphere’. 

We thank Richard Ludlow and Vic Patel for assistance in 
data reduction. This research has been supported by NSF grant 
ATM-84-07284. 
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The dry valleys of southern Victoria Land, constituting the largest 
ice-free expanse in the Antarctic, contain numerous lakes whose 
perennial ice cover is the cause of some unique physical and 
biological properties'*. Although the depth, temperature and 
Salinity of the liquid water varies considerably from lake to lake, 
the thickness of the ice cover is remarkably consistent’, ranging 
from 3.5 to 6m, which is determined primarily by the balance 
between conduction of energy out of the ice and the release of 
latent heat at the ice-water interface and is also affected by the 
transmission and absorption of sunlight. In the steady state, the 
release of latent heat at the ice bottom is controlled by ablation 
from the ice surface. Here we present a simple energy-balance 
model, using the measured ablation rate of 30 cm yr”', which can 
explain the observed ice thickness. 

The thermodynamics of ice formation have been studied 
extensively, particularly in application to the onset of freezing 
in waters seasonally covered with ice* and the conditions of 
arctic sea ice. The role of ablation in the formation of ice cover 
has been studied for arctic lakes° and suggested for the Antarc- 
tic’. The antarctic lakes present a simplified physical problem 
for several reasons: (1) the thick perennial ice cover allows 
averaging of heat sources and sinks over the year; (2) that the 
lakes are confined allows a simple quantification of the incoming 
latent and sensible heat carried by liquid water; (3) the virtual 
absence of snowfall simplifies the treatment of the water mass 
balance, light penetration and heat conduction at the upper 
boundary. 

The heat budget for the ice cover of a lake is shown schemati- 
cally in Fig. 1. If the lake is large, lateral conduction of heat 
from the shore is negligible. Heat is added to the lake by 
geothermal heat flow from the bottom and by the influx of 
glacial meltwater whose latent heat is released at the ice-water 
interface when it freezes to form new ice. But as the meltwater 
is almost at the freezing point when it enters the lake®, the 
sensible heat input is small. Conduction of heat through the ice 
is the only means of heat exchange between the liquid water 
and the surface; hence, the rate of energy supply below the ice 
and the atmospheric heat flux must separately equal the conduc- 
tive heat flow. 

Although the input of solar energy, the amount of heat 
exchanged with the atmosphere and the inflow of meltwater all 
change markedly with season, the thick ice cover effectively 
averages these heat sources, a conclusion supported by the small 
ablation rate”!°, 30 cm yr~', which implies a maximum variation 
in seasonal ice thickness of ~10%. The validity of neglecting 
seasonal variations is also supported by the observation that the 
ice thickness is larger than the e-folding depth of the annual 
temperature wave''. Measurements of the thermal profile of the 
lakes also suggest that a steady state exists which is characterized 
by the annually-averaged conditions’. 

The balance of upward conduction of heat at a given depth 
in the ice cover and energy input below that level in the ice, 
assuming steady state conditions and averaging over the year, 
gives 


po S(z)+L+F (1) 
Essiz 
dz 2 


where k is the thermal conductivity of ice, dT/dz is the gradient 
of annual mean temperature (T) with depth (z) in the ice, S(z) 
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Fig. 1 Energy sources and sinks for perennially ice-c 


is the annual mean flux of solar energy absorbed below. ani 
F, is the geothermal heat flux. The heat flux due to latent heat 
release at the ice-water interface (L) is L= vpl: where v is th 
rate of formation of new ice averaged over the entire ye g 
to the ablation rate, p is the density of the ice and Lis t ni 
heat of fusion of water. To solve equation (1) for the temperature 
of the ice cover as a function of depth, we write S(z)= 
(1 —a)(1 —r)S, exp(—z/h) where a is the albedo of the lake, r 
is the fraction of the lake that is covered by dark absorbing 
material such as sand and silt, Sọ is the solar radiation incident 
on the lake surface and the exponential term gives attenuation 
with depth into the ice with an extinction path length of h 
(defined to be the cosine of the effective solar zenith angle 
divided by the extinction coefficient). The thermal conductivit 
of ice is approximated by’? k=b/T—c where b and c are 
constants taken to be 780 W m™' and 0.615 Wm! K™! respec- 
tively. Making these substitutions into equation (1) and integrat- 
ing from the ice-water interface to the surface gives 


bln (T/T) + ¢(T,— To) -SoU — a)(1 ~ r)h(1 ~ exp(—Z/h)) 
7 vpl + F, 


Z 9 
(2). 


where To is the temperature of the ice-water interface, T, is the 
yearly averaged temperature of the surface, both in K, and Z 
is the equilibrium thickness of the ice cover. Equation (2) is an 
implicit expression for the average yearly thickness of the ice 
cover. In the limit that the ice cover is much thicker than the 
extinction path length (Z> h) and in the approximation that 
the thermal conductivity is independent of temperature (k = 
constant) and the geothermal flux is small, this equation reduces 
to 


_ K(To~ T,) -So -a)l — r)h 
g vpil 


Z 





(3) 


We now consider values of the environmental quantities that 
appear in equation (2). The temperature of the ice-water inter- 
face is almost 0°C because the upper waters of all the lakes 
have very low salinity’. The yearly average surface temperature 
is known only for the Lake Vanda region’? and is —20.0°C: 
measurements at Scott Base, 100 km east and near the coast, 
are similar'*. 

The annual mean solar flux incident on the surface of the 
lake, Sy, has been measured at Lake Vanda” and is 104 W m~? 
and direct measurements of albedo, a, over Lakes Vanda and 
Bonney yield values of 0.5 and 0.65 respectively”. The optical 
properties of the lake ice and water of Vanda and Bonney’? 
suggest that the albedo varies with season and is strongly depen- 
dent on solar zenith angle, with higher albedos at lower angles. 
This effect results from the inhomogeneous scattering exhibited 
by particulate or optically rough surfaces'® and would be expec- 
ted to be important at the low solar zenith angles typical of 
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Fig. 2 Variation in ice-cover thickness as a function of ablation 
rate predicted by the model. The values of the parameters are as 
follows: a = 0.6, F, = 0.08 W m°, Sp = 104 W m`? and r= 0.1. The 
yearly-averaged surface temperature ( T) and extinction path length 
(h) forthe various curves are: line 1, T= —20°C, h =1.0; line 2, 
T =~—20°C, h=1.0, r=0.25; line 3, T= —20°C, h =0.75; line 4, 
T = ~25°C, h = 1.0; line 5, T = —20 °C, h =0.5; line 6, T= —20 °C, 
S)=0 (this is the ice cover that would result from no incident 
sunlight). 


Antarctica. We have used an albedo of 0.6. The extinction path 
length of the ice cover (h) has been estimated indirectly from 
“measurements of the total light level at the underside of the ice 
cover’, Extinction path lengths of 1 m and longer are repor- 
ted®'* and similar values can be inferred from measurements 
of the total transmission through the ice". The ice must be 
exceptionally clear as transmission data have been listed'* for 
ce and snow cover of lakes from which h values for clear ice 
in the range 0.6-1.3 m can be inferred, with even smaller values 
for ‘bubbly’ or ‘snow’ ice. Hence we use a nominal value of | m 
for h, but also calculate the ice-cover thickness for values of 
0.75 and 0.5m. No direct measurement of the areal extent of 
paque material (r) on the different lakes has been attempted; 
it may vary considerably from lake to lake. We set r equal to 
0.1, but also consider a case with r= 0.25. 
> The geothermal heat flow in the dry valleys has been measured 
‘at several sites’? as ~ + 0.08 W m™° and measurements of tem- 
perature gradients at the bottom of some of the lakes have given 
similarly small values**®?!, 
Figure 2 shows the calculated equilibrium thickness of the 
‘ice cover plotted against the ablation rate for a range of the 
various values of parameters in equation (2) and also the ice 
thickness that would correspond to no incident sunlight (Sọ = 0). 
Ablation in the dry valleys is dominated by the dry downslope 
i and may be approximately 30 cm yr! on all the 
The model predictions are consistent with measurements ™'®?? 
of the ice-cover thickness, which in the dry valley lakes range 
from 3.6 to 6.5m. One exception, Lake Vida, is frozen to its 
base**, a depth of 11 m, which is explained by noting that the 
ice is anchored to the bottom and, as a result, ablation is not 
balanced by refreezing from below thereby eliminating this 
contribution to the heat flow through the ice cover. The effect 
of ablation in determining the thickness of the ice cover depends 
on the availability of liquid water beneath the ice as the source 
“for new ice, and also on the latent heat released at the underside 
of the ice cover on freezing. The ablation thickness formula of 
Barnes® applied to the antarctic lakes predicts a thickness of 
15.8 m. 
It is interesting to speculate on the ice cover that could have 
existed on possible former lakes in the equatorial regions of 
Mars. The lower parts of the Valles Marineris canyon system 
contain sedimentary deposits exhibiting rhythmic horizontal 
“layering which is laterally continuous over large areas”. The 
appearance of the sediments suggests deposition in standing 
water, a hypothesis consistent with other evidence for the action 





of liquid water early in 
lakes on Mars would freeze our model, 
which indicates that ice thickness could be limited by ablation. 
Of course ablation rates for Mars are unknown, but a range of 
plausible values, of 1-10 cm yr ', is consistent with simple boun- 
dary layer theory and results in ice thicknesses ranging from 65 
to 650 m. The above discussion is based on the present martian 
climate, in which equatorial temperatures” average —60 °C, 
using an albedo of 0.5, r=0,; S)=180 Wm”, F,=0.0 and h = 
1m, and also assumes the presence of an aquifer from which 
martian lakes could be recharged”. Relatively high ablation 
rates could result from downslope winds along the canyon walls; 
in addition temperatures in early martian history may have been 
considerably warmer than at present. More detailed evaluation 
of the hypothesis of martian palaeolakes may be made possible 
by careful study of the antarctic dry valley lakes. 
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Hummocky cross-stratification is a type of bedding in sedimentary 
rocks caused by the draping of sand around low-steepness three- 
dimensional bedforms. This distinctive form of stratification has 
been thought to be diagnostic of the former action.of storm waves 
and hence its occurrence has been used to reconstruct ancient 
palaeogeographies and marine processes. Here I examine theoreti- 
cal and empirical aspects of hummocky cross-stratification pertain- 
ing to its origin and argue that the notion that it was produced 
purely under progressive storm waves is incompatible with observed 
hummock spacings and possible values of the ratio a/A under 
waves (a is the amplitude of oscillation near the bed and A is the 
bedform spacing). My view is supported by recent observations on 
naturally-occurring hummocky megaripples from the sea floor of 
the inner Atlantic Shelf of North America. 
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Fig. 1 The existence field for wave-formed ripples in the Shields 
plane, showing the postulated field for hummocky cross-stratifica- 
tion (HCS). Re, is a grain Reynolds number. 


Throughout the debate over the precise origin of ‘truncated 
wave ripple laminae’! and of its synonym ‘hummocky cross- 
stratification’, it has been consistently viewed as the most dis- 
tinctive single sedimentary structure attributable to storms. The 
structure consists of an erosional lower contact overlain by 
low-angle undulating laminae than thin over hummock crests 
and thicken into intervening swales. Hummocks are generally 
0.1-0.5 m high and spaced from one to several metres apart’. 
Hummocky cross-stratification is ubiquitous in sedimentary 
sequences known to be of shelf origin, such as the deposits of 
the Cretaceous seaway of the Rocky Mountain region, and most 
recorded examples occur in ancient winter storm zones’. 

Some authors®'' have postulated that hummocky cross- 
stratification originates under unidirectional highly concen- 
trated suspensions generated during storms by (1) bypassing of 
the littoral zone by river-derived floods’? and (2) offshore return 
of storm surges'*, whereas others have favoured an origin under 
vigorous purely oscillatory flows generated by storm 
waves**'*'5, Although these hypotheses are difficult to test 
because of the inaccessibility of the sea bed of continental 
shelves, investigations of the sea bed of the inner Atlantic Shelf 
of North America'® suggest that hummocky cross-stratification 
is a response to an along-coast geostrophic flow with wave 
orbital motions superimposed. 

If hummocky cross-stratification is formed under intense 
oscillatory flows before the onset of bed planation*, the 
dimensions of the hummocks should be related to the flow 
conditions and oscillatory flow theory should be able to provide 
possible existence fields for these bedforms. The lower limit of 
the existence field of wave-formed ripples'”'* is defined by a 
relative stress similar to that used’? for unidirectional flows (Fig. 
1), with shear stress estimated using a wave friction factor”. 
The upper limit of ripple existence was shown to be 


Be, = 4.40(U,,D/ vy" a) 


using essentially a single set of data*'; this is also in broad 
agreement with data from oscillating bed experiments”. 

The planation of sand beds under waves may be explained 
by a hindered bedload settling effect”. An approximate explicit 
form of the threshold for bed planation is 


aw = 2.8( yg)? D??? y 9-97 470.35 2) 


where a is the near-bed amplitude of oscillation, w is the wave 
frequency (27/ T), y is the submerged specific gravity (p/p)—1, 
where p, is the sediment density and p is the fluid density, D 
is the sediment grain size and v is the kinematic viscosity. 
Equation (2) can be expressed in terms of three dimensionless 
groups: A= ygD*/v’°, which is a buoyancy index; Ọ= 
(aw)’/ ygD, a measure of sediment movement by waves; and 
a/ D, which is related to grain roughness. Using these dimension- 
less groups 


o = 4.6(a/ Dy? 4-0-952 (3) 











Fig. 2 Relationship between orbital velocity (Uy), wave period 
(T), near-bed amplitude of oscillation (a) and grain size (D) at 
the bed planation threshold. Bed planation velocities (left-hand 
ordinate) calculated using a Bagnold-type relative stress for a/ D> 
1,000 (——) and a hindered bedload settling equation for a/D< : 
1,000 (—-—); —— —, critical wave periods (right-hand ordin- 
ate). Curves for bed planation velocity are dotted (----) where 
a/D is inappropriate. 


indicating the relatively weak influence of A on bed planation 
using experimental values?!*”> for A, this can be further sim 
plified for the very fine to fine sands usually considered, that 
is, for a/ D< 10°, giving ® = 4(a/D)°?. 

Hallermeier’s hindered bedload settling criterion predict 
very well the threshold velocity for planation found 
experimentally”’**”° and applies to high-frequency waves 
occurring naturally in lakes or restricted seas. 

A more appropriate and generally applicable threshold. 
equation for lower frequency waves on oceanic coasts is based. 
on a Bagnold-type relative stress, 6 = 7/ygD. Using the wave 
friction factor, f,, it can be shown that 


@=5f,(a°>w/ ygD) (4) 


For an almost planar bed, flow is likely to be transitional between 
laminar and turbulent”*, but adopting the analytical form for. 
a smooth boundary”? and regrouping into the dimensionless 
parameters, ©, A and a/D, we have for the bed planation 
condition 


® = 27.40A°'(a/ D)°? (5) 


Bagnold’s’’** theoretical studies suggést that 6 at the transition 
to plane beds should be in the region of 0.5 for grain sizes of. 
<0.3 mm. 

Suitable values of A and 8, can be substituted into equation 
(5) to give the simplest possible expression for sediment move- 
ment by wave energy for very fine and fine sands, 14.5 (a/ D)°? < 
®<22.4(a/D)°*. As ®=(aw)*/ygD and aw = U, the bed 
planation velocity and critical wave period can be plotted against 
grain size for different near-bed amplitudes of oscillation 
(Fig. 2). 

The foregoing discussion provides the basis for evaluating | 
the near-bed processes responsible for the planation of a fine- 
sand bed under waves. The final constraint is the dimensions 











































Fig. 3 Best-fit curves for low-steepness bedforms showing the 
variation of a/ aA with wave Reynolds number, R, for various values 
of the sediment grain size, D. 







of the hummocks, which are spaced from one to a few metres 
apart’'® in the North American Cretaceous sediments. The 
near-bed amplitude of oscillation required to produce high- 
teepness vortex ripples of wavelength A is’? a = 0.77A, the upper 
‘limit of orbital diameters being determined by grain size. The 

minimum value of a/A for vortex ripple formation is’? ~0.4. 
These relationships are inappropriate for high wave Reynolds 
numbers (large amplitude of oscillation, long wave periods) 
where a/A increases dramatically. The best-fit curve for low- 
eepness bedforms, based on the data of Sleath*' and 
anohar’', has the form 


(p,- p)gD 
pov 


a/A = F(BD, R, ` (6) 
where BD =(w/2v)"?D is a measure of the grain size relative 
to the viscous layer thickness and R = Up/(wv)'”? is a form of 
wave Reynolds number. It can be expressed as 


` a/A=0.44((p,- p)gD/pwv)*(BD)"(p,/ py eRe” 
j (7) 


for X <3,000 and 


a/a =0.03((0,— p)ED/ pav) ABDI of 0 R 
8 


for X > 3,000, where 
X =((p.—p)gD/pwv)(p,/p)?*(BD) °°? RO, 


It can be seen that the four groups on the right-hand side of 
equations (7) and (8) are dimensionless variables, in fact iden- 

tical to those used by others’. The relationship between a/A 
and wave Reynolds number, R, is shown in Fig. 3, using 
equations (3), (5), (7) and (8) and assumed values for the fluid 
and sediment densities and the kinematic viscosity. That a/A is 
-independent of grain size at high Reynolds numbers is clear. 
Using these relationships, Fig. 4 shows that the predicted crest 
spacing of low-steepness bedforms is far smaller than the 
observed spacing of hummocks. I therefore propose that surface 
gravity waves alone cannot produce hummocky bedforms on 
the sea floor and what little data is presently available on natural 
occurrences: of hummocky megaripples'® supports this con- 
clusion. However, surface gravity waves may play an important 
part.in the formation of hummocky bedforms in finé sand by 
first causing an enhancement of bed shear stress relative to that 
of a unidirectional. current alone” and second, by introducing 
a strongly three-dimensional structure to near-bed water motion, 
thereby preventing substantial bedform migration. 

Storm waves are always accompanied by steady flows such 
s coastal jets** or geostrophic currents’. The solution of the 





Fig. 4 Predicted crestal spacing of low-steepness bedforms (A) 
as a function of grain size (D) and near-bed amplitude of oscilla- 
tion (a). 


hummocky cross-stratification problem, and indeed of all storm 
sedimentation problems, must surely come from a detailed 
investigation of combined wave-current flows. In addition, a 
fuller understanding of the behaviour of the ratio a/A under 
large amplitudes of oscillation and long wave periods is urgently 
required if progress is to be made in the palaeohydraulic inter- 
pretation of submarine sedimentary bedforms. 

This letter owes much to the work of Robert Hallermeier (US 
Army Coastal Engineering Research Centre) and John Sleath 
(University of Cambridge), both of whom I thank. 
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Water flowing from the Mediterranean at the Strait of Gibraltar 
differs in oceanographic characteristics from inflowing Atlantic 
Ocean water because of the influence of climatic conditions in the 
Mediterranean Basin'. Little is known about how geochemical 
processes affect concentrations of trace metals during this transfor- 
mation because there are very few accurate published data (other 
than some recent values? for surface waters) for trace metals in 
the Mediterranean Sea, even though these are also required in 
assessing the impact of pollutant inputs. Here we present new data 
for the concentrations of dissolved Cd and Mn in the eastern 
Alberan Sea and the adjacent Atlantic Ocean and use them to 
estimate the flux of these metals through the Strait of Gibraltar. 
Although the Mediterranean is a source of Cd for the Atlantic 
Ocean, it acts as a sink for Mn entering in the inflowing Atlantic 
water. 

Samples were collected at Discovery Stations 10704 (North 
Atlantic Ocean; 39° 22’ N, 12°51’ W; 9 April 1983) and 10707 
(Eastern Alboran Sea; 37° 33’ N, 00°47’ E; 17-18 April 1983), 
using rosette-mounted Teflon-coated 2.5-litre Go-Flo bottles, 
deployed with a conductivity-temperature-depth (CTD) probe 
to provide real-time data on the water column structure. After 
the samples were pressure-filtered from the bottles through 
0.4-44m Nuclepore filters, trace metals were separated and con- 
centrated at sea by extraction of the pyrrolidinedithiocarbamate 
and diethyldithiocarbamate complexes into 1,1,2-trichloro- 
1,2,2-trifluoroethane (Freon TF) and back extraction with nitric 
acid. The concentrates were analysed subsequently ashore by 
graphite-furnace atomic-absorption spectrophotometry. Ana- 
lytical separations and critical manipulations were performed 
under clean conditions in a Class 100 laminar-flow hood. Full 
details of the procedure are given elsewhere’. 
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Fig.1 Vertical profiles of a 
dissolved Mn, dissolved 
Cd, reactive PO}, poten- 
tial temperature and salin- 
ity at a, Station 10704 
(Eastern North Atlantic 
Ocean), and b, Station 
10707 (Alboran Sea). 
Points in parentheses are 
probably affected by con- 
tamination. The under- 
lined point is below the 
analytical detection limit. 
Blanks for Cd and Mn 
were, respectively, 0.05 
and 0.07 nmol I~} and the 
corresponding detection b 


0 


Depth (km) 





limits, estimated as twice 2 12 3 SO 


the variance of the 
blank, were 0.03 and 
0.07 nmol 17°. Coefficients 
of variation of <5% were 
obtained for Cd at 
0.19nmoll~! and Mn at 
3.24nmoli”!. The accu- 
racy of the data is suppor- 
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(Fig. 1) shows a distribution consistent with other data”: 
a general nutrient-like increase in concentration with dept! 
There is, however, a pronounced negative anomaly in the co: 
centration of dissolved Cd, associated with thé ‘presence. of 
nutrient-depleted Mediterranean water, shown by salinity an 
temperature data to influence the depth range §00-1,500 m. I 
the Mediterranean profile, Cd concentrations are lower, wi 
much less pronounced vertical changes, similar to (or somewhat 
lower than) recently reported values’. In common with othe 
oceanic regions’®, a strong correlation between dissolved Cd 
and PO3` has been observed for Atlantic waters**, and hi 
been interpreted in terms of related mechanisms of vertical 
particulate transport and cycling for these elements. In Fig. 2 
the concentrations of dissolved Cd are plotted against those of 
PO” and NO} for Stations 10704 and 10707 with corresponding 
data* for a profile in the Sargasso Sea. 

In the top 150m of the profile in the Alboran Sea (that is, 
the waters overlying the Levantine Intermediate Water) ‘t 
ratios Cd/PO}” and Cd/ NO3 are higher than those characteri: 
tic of the deeper and Atlantic waters (Fig. 2). Higher surface 
concentrations of Cd in the Mediterranean relative to those in 
the adjacent Atlantic Ocean have been observed previously’, 
These findings suggest an input of Cd to surface Mediterrane: 
waters. The Cd/PO}” ratios in the deeper Alboran Sea a 
generally similar to those for the Atlantic Ocean. Profiles f 
other parts of the Mediterranean, particularly for the regions of 
intermediate and deep water formation, are needed to interpr 
the processes giving rise to the difference between surface and 
deeper waters, as are data on inputs to the system. 

The flows through the Strait of Gibraltar provide the major 
import and export terms for the Mediterranean Sea''. As the 
particulate fractions of the total concentrations of Cd’? and. 
Mn" in open ocean waters are usually insignificant, a knowledge 
of the flow rates and dissolved trace metal contents of water 
masses provides a basis for simple mass-balance calculations? 
Spivack et al’, using this approach, but working from surfac 
concentration data alone, estimated that there was a net export 
of 210° mol Cd yr`™' from the Mediterranean. Water: fluxe: 
through the Strait of Gibraltar are 3.5 X10 km? yr™' for th 
surface inflow of Atlantic Ocean water and 3.3 x 104 km? yr 
for the outflow of Mediterranean Water''. A major componen! 
of the outflow is provided by the Levantine Intermediate Water 
at about 200-600 m, but there is also a significant contribution 
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ted by the results of a recent intercalibration study”. Dissolved NO3 and reactive PO}” were determined onboard ship using automated 
analytical techniques based on standard procedures and salinities were measured using a Guildline salinometer. 
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Fig. 2 Relationships between dissolved Cd and a, reactive POX“ 
“and b, NO; for Stations 10704 and 10707. Mediterranean waters 
above 200m (©); deeper Mediterranean waters (@); Atlantic 
waters influenced by outflow of Mediterranean water (+); other 
Atlantic waters (x). Data on Cd and POJ“ for a Sargasso Sea 
profilet are also incorporated (0). 


from Mediterranean Deep Water'*, ~25% of the total outflow. 
The data in Fig. 2 indicate that the respective concentrations of 
dissolved Cd in these waters are not greatly different (~110 and 
~80 pmol I”'); thus, the estimate of the total export of the 
element is not dependent critically on assumptions concerning 
the individual contributions of these two sources to the outflow. 
For. present purposes, a concentration of 100 pmol I`’ is 
assumed. On this. basis, and assuming the inflowing water to 

mtain 19 pmol I! (see ref. 2), a net export of 2.6x 
10° mol Cd yr`! is obtained. 

River transport, mobilization from shelf sediments, human 
activities and: atmospheric inputs have also been suggested as 
possible sources of Cd for the Mediterranean’, but few data are 

ailable to. evaluate their importance. Aeolian inputs of Cd to 
the western Mediterranean, however, appear high, estimated at 








jas nds to an average surface flux 
to the Mediterranean of 87 pmol cm”? yr’. Although there is 
little information on the extent and rate of dissolution in sea- 
water of trace elements associated with aeolian particulates, 
measurements made using samples of airborne particles from 
the western coast of North America® indicate that 80% or more 
of their Cd content rapidly enters solution in seawater. If a 
comparable fraction of the Cd in airborne particles introduced 
into Mediterranean surface water enters solution, then aeolian 
inputs could account for much of the supply of total dissolved 
Cd required by the mass balance model. The elevated surface 
Cd concentrations would be consistent with an aeolian source, 
although other processes, such as discrimination against Cd 
uptake under nutrient-limiting conditions”, might lead also to 
enhancement. 

Aeolian inputs have been suggested as one source of Mn which 
could generate the surface enrichments observed for this element 
in the oceanic water column*'*'*, Dissolved Mn at Stations 
10704 and 10707 shows the same general distribution observed 
previously in the Atlantic Ocean**'?, with high surface con- 
centrations decreasing rapidly over the top few hundred metres 
to low and uniform deep water levels. Deeper water concentra- 
tions at both stations are similar at ~0.25 nmol 1~', suggesting 
that scavenging and removal processes are operating similarly 
in both regimes, but the surface concentration in the Mediter- 
ranean (4.19 nmol 17!) is much greater than that in the adjacent 
Atlantic Ocean (1.41 nmol !7'). Earlier data? show similar sur- 
face enrichment trends in Mediterranean waters, although the 
concentrations reported are generally higher than those given 
here. 

A mass balance calculation for Mn in the Mediterranean has 
been performed in the same way as for Cd, using representative 
concentrations of 1.35 nmol 1”! for the inflowing surface water 
mass and 0.61 nmol!”'! for the outflowing water mass: it indi- 
cates a net input of Mn to the Mediterranean of 27 x 10° mol yr™'. 
Other possible inputs from the sources given above for Cd would 
increase the excess input to the Mediterranean even further. A 
very approximate estimate of the aeolian input of dissolved Mn 
to the Mediterranean has been made using flux data for the 
tropical North Atlantic Ocean”>. If it is assumed that 50% of 
the Mn in the aeolian material enters solution’®, a flux of 19 x 
10° mol Mn yr™' is obtained. Such an input is consistent with 
the elevated surface concentrations observed. The role of the 
Mediterranean as a sink for Mn is consistent with the short 
residence times reported for this element, in the range <1- 
25 yr"?! for surface oceanic waters, relative to the mean resi- 
dence time of ~ 100 yr for the Mediterranean waters themselves. 

We thank the officers, crew and scientific complement of 
RRS Discovery on Cruise 137, and in particular Dr T. R. S. 
Wilson and T. J. P. Gwilliam. We also thank J. K. Clancy for 
assistance during sampling procedures. The work of P.J.S. and 
J.D.B. was supported by a NERC grant. 
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Although relatively little is known about basin formation north 
of the Himalayas, recent stratigraphic studies of several sedimen- 
tary basins (Tarim, Dzhungaria, Tsaidam) have demonstrated a 
common pattern of subsidence in post-Triassic times’. All these 
basins show rapid subsidence concurrent with the onset of 
Himalayan orogenesis, presumably reflecting both tectonic loading 
and increased sediment supply. Before that time, however, sub- 
sidence curves have the characteristic ‘concave-up’ shape of rifted- 
margin sedimentary environments”. Although data from these 
basins are not sufficiently detailed to justify a more thorough 
investigation, the Tadjik Depression, a sedimentary basin compris- 
ing the southwestern portion of the Soviet republic of Tadjikistan 
(Fig. 1), contains a continuous and relatively well documented 
record of post-Jurassic sedimentation, analysis of which suggests 
deposition in a rifted-margin environment, on crust thinned by 
~50%. 

As part of a US-Soviet scientific exchange, I have studied 
the rocks now exposed in folds and thrusts in the Tadjik 
Depression, to the north and west of the western syntaxis of the 
Himalayan range. The subsidence that accompanied the deposi- 
tion of these sediments was examined with the joint aims of 
interpreting the tectonic setting in which the preorogenic deposi- 
tion occurred and mapping the preorogenic structure of the 
basin. Stratigraphic data from the excellent exposures along the 
lower arm of Nurek Reservoir, 5 km south east of the town of 
Nurek, were used to estimate the temporal pattern of tectonic 
subsidence (details of the stratigraphy and subsidence calcula- 
tions are given elsewhere**). Stratigraphic sections from areas 
throughout the eastern Depression were then used to determine 
the spatial patterns of deposition and subsidence. 

Jurassic~Recent strata are exposed where the Vakhsh river 
cuts downward through the upper plate of the Ilonakhsh thrust. 
The post-Jurassic section (5,765 m) is divided into three major 
lithic units, each composed of strata with a significant number 
of common lithological features, reflecting deposition in a rela- 
tively uniform environment. These are: (1) the Sanglok group 
(not formally named) of early Cretaceous age; (2) the Pulisanga 
group of late Cretaceous-Palaeogene age; (3) the Tutkaul 
group, Neogene (Fig. 2). The lithological characteristics of the 
members of each group are described elsewhere? and only the 
requisite features of the stratigraphy are presented here. The 
base of the section is predominantly halite (Upper Jurassic) and 
is tectonically disturbed; its thickness is not known, but more 
than 1,500 m of evaporite have been drilled in a borehole 5 km 
west of Nurek dam’. Evaporites mark the base of all of the 
sections south and east of the Illiac fault (see Figs 1, 4) and salt 
is actively doming in the southeastern Tadjik Depression (ref. 
4 and W.L. and D. W. Simpson, in preparation). 

In the Nurek region, there are no channels, stratal truncations 
or other sedimentary structures which indicate erosion and no 
significant nonconformities have been demonstrated during 
mapping. The Nurek section also has the thickest pre- Neogene 
section measured in the eastern Depression, which, for the 
purposes of this preliminary analysis, is assumed to be complete. 
It is also inferred from lithofacies data that the entire pre- 
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Fig. 1 Location map. The Tadjik Depression lies north and west 
of the north western end of the Himalayan arc (see inset). Strati- 
graphic sections (numbered dots) are shown. Sections 6-14 are 
from exposures in the Vakhsh fold/thrust belt; 1-5 from outliers 
of Depression sediments on the autochthon to the north. The 
detailed Nurek section (10) is located at Nurek reservoir, within 
the Vakhsh fold/thrust belt, just above the Ionakhsh thrust fault 
(structural details in ref. 24). 


Neogene sequence was deposited in shoal water, including the 
Lower Cretaceous sandstones, interpreted as marine, which 
interfinger with shallow-water marine limestones in outcrops to 
the west of Nurek’. 

Fossil assemblages have been described only from the rocks 
of the Pulisanga group, whose fauna are correlated bio- 
stratigraphically to the regionally-named suites? (subgroups) - 
and chronostratigraphically to the stages of the late Cretaceous | 
and Palaeogene**’. The Sanglok group is dated by lithological 
correlation with the partly-fossiliferous marine sections to the: 
west of Nurek noted above. Ages within the Tutkaul group are’ 
less certain (as they are based on lithological correlation with” 
type section located 60km to the north east), but I am not: 
primarily concerned with these orogenic deposits. 

The use of the backstripping method? in the analysis of the: 
stratigraphic sequence of an ancient rifted margin has been 
described in detail®. The significant assumptions used for the 
analysis of the Tadjik Depression are: (1) the basement-responseé 
function is calculated as an Airy-type isostatic compensation 
(2) solution processes have not significantly altered the strati 
graphic thicknesses (the section does not show extensive bed 
ding-plane stylolitization or other evidence of solution 
cleavage); (3) the section is not completely compacted (instead, © 
it is assumed that the rocks have a porosity typical of their. 
lithology at their burial depths'’). 

Figure 3 presents the backstripping analysis as a ‘tectonic’. 
subsidence curve (shaded). This curve shows the approximate’ 
depth to which the basement would have subsided under water 
and in the absence of any sedimentary load (that is, because of 
some ‘tectonic’ process alone). For comparison, I also. show 
‘thermal’ subsidence curves, calculated from a one-dimensional 
lithospheric stretching model`’, for various amounts of thinning. 
caused by rapid, constant-volume stretching of the lithosphere, 
followed by vertical heat conduction that results in cooling, | 

















Fig. 2 Stratigraphic section for the 
Nurek reservoir area. The Sanglok 
group is composed predominantly of 
red marine sandstones and brown 
shales with minor siltstone beds. The 
sandstones are generally coarse and 
cross-bedded. In the upper portions 
of the group, isolated layers of cal- 
careous sands are found and some 
silts show ripple marks. The 
Pulisanga group is composed 
primarily of interbedded limestone, 





shale, marl and gypsum, with un- 
common beds of silt or sandstone 
and a single bed of gravel grading 
to conglomerate. Limestones are 
abundantly fossiliferous and, 
infrequently, bitumenous. Green 
shales dominate the lower portion of 
the group, whereas red and brown 
shales are found in the upper portion. 
The Tutkaul group consists pre- 
dominantly of red beds, pre- 
dominantly a coarse clastic molasse 
that is relatively uncemented and 











thermal contraction and subsidence at the surface. The curve 
assing through the data is for a lithosphere stretched to twice 
ts original length (stretching factor B = 2) and thinned to 50% 
1/B) of its original thickness. 

Between 130 and ~20 Myr BP, there is a close correspondence 
between the tectonic subsidence curve determined for the 
Pulisanga canyon section and the thermal subsidence curve (Fig. 
3) in accordance with a correspondence noted between stretch- 
ing-model subsidence curves and subsidence curves calculated 
by backstripping the stratal sequences of modern passive mar- 
gins'*-'*, Thus, the present data are consistent with deposition 
‘on extended lithosphere, which supports the hypothesis! that 
he Jurassic-Palaeogene strata of the Depression were deposited 
in an ancient rifted-margin tectonic environment. Since 20 Myr 
Bp, the subsidence of the basin has increased, departing sig- 
nificantly from the thermal form, which presumably reflects both 
a mechanical loading and a dramatic increase in sediment supply 
_and thereby coincides with orogenic uplift in the surrounding 
région. 

` Stratigraphic sections for 14 other sites in the eastern Tadjik 


very thickly bedded (in some parts 
>100 m). The boundaries between 
members are defined by breaks in the 
textural gradation that results from 
an increasing percentage of clays as 
one proceeds _ stratigraphically 
upwards within the sands of a single 
member. Parts of the group are prob- 
ably aeolian. 















Depression'”'* (Fig. 1). are shown in Fig. 4, allowing a rough 
estimate of the distribution of subsidence over a large area. 
Sections 6-13 are all taken from outcrops of strata in overthrust 
plates within the Vakhsh fold/thrust belt, whereas sections 1-5 
are taken from the region north of the northernmost thrusts of 
the fold/thrust belt (see Fig. 1). Section 14 is taken from the 
outcrop of strata in the thrust plate immediately adjacent to the 
Darvaz fault, which separates the Tadjik Depression sediments 
from the Upper Palaeozoic basement rocks of the Pamir. 
There is a significant spatial variation in cumulative strati- 
graphic thickness by Eocene time, that is, before the initiation 
of fold/thrust deformation (marked by the onset of molassic 
sedimentation) and near the estimated time of the India—Asia 
collision’®. In particular, there is an obvious discontinuity in 
pre-Eocene sediment thicknesses between the five northern sec- 
tions and those to the south and east. These northern sections, 
outside the fold/thrust belt, also show significantly less (~ 1/3) 
subsidence than those located within the fold/thrust belt. In 
fact, two of these sections (4 and 5) are <25-km distant from 
sections (9 and 6) exhibiting more than twice the cumulative 
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Fig. 3 Cumulative thickness and tectonic subsidence curve 
(shaded) for the Nurek section. Shown for comparison are the 
‘thermal’ basement subsidence curves, predicted by a simple one- 
dimensional stretching model in which the lithosphere has been 
stretched by a factor (8), for several values of 8. Data show typical 
post-extensional subsidence before the onset of Himalayan defor- 
mation. Note that that deformation occurs more than 15 Myr after 
the estimated time of collision between India and Asia (see ref. 
19). Uncertainties in estimating the water depth at the time of 
deposition are included in the error bars. 
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subsidence since Jurassic time. The large difference in thickne 
between these pairs of sections (4, 9 and 5, 6) is reflecte 
stratigraphically by evidence for growth faulting; all-of the rocks 
of corresponding chronostratigraphic units are thicker in section 
9 than in section 4. But, all of the pre-Eocene rocks in both 
sections were probably deposited near sea-level. 
Presently, sections 4 and 9 are separated by the Iliac fault; 
across which the crystalline crust to the south is displaced 
downward, as a block, by more than 2 km relative to t í 
to the north”’. Thus, although the Iliac now slips i 
motion?', it appears that most of the motion 
past was vertical slip by block-faulting, wi 
moving progressively downward. This allow i 
of the thick sedimentary sequences deposited south of the f 
Analyses of both modern and ancient rifted margins has 
demonstrated the existence of a common struct: eature—thi 
hinge zone". The sediments of the coastal plain thicken up 
the hinge zone, whereupon the basement falls away” 
greatest subsidence and sediment accumulation is found sea 
ward of the hinge zone and usually, at the hinge zone itself, th 
crust thins abruptly. Lee 
I suggest that the subsidence discontinuity in the northe: 
Tadjik Depression is evidence for the mid-Mesozoic | 
of a palaeo-hinge zone at or near the present Illi 
hypothesis is supported by a seismic refraction pr 
showed that the crust thins, from 60-75 km in the 
~20-25 km in the Tadjik Depression, between th 
of the Gissar range and the Illiac fault (V. I. Kulagin, persona 
communication). In addition, the presence of 20-25-km-thic 
crust beneath the sediments of the Tadjik Depression”? is in 
accordance with the hypothesis that the lithosphere there: has 
been thinned and extended by a factor of about two (that is, 
assuming a normal thickness for continental crust of ~40 km). 
Although these observations support a previously-noted litho- 
logical similarity between the Jurassic-Oligocene rocks of the 
Tadjik Depression and those of modern passive margins’®, they 
do not distinguish between sequences produced by intracratonic 
rifting and those produced by the rifting of a marginal arc during 
the formation of a marginal basin. Evidence to distinguish 
between these possibilities should lie within the syn-rift deposits, 
which are not exposed in the Tadjik Depression. Nevertheless, 
both possibilities are significant in that they point to a funda- 
mental problem in Tethyan tectonics—the timing of suturing 
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Fig. 4 Pre-Neogene stratigraphic sections for each of the 15 locations indicated in Fig. 1, arranged in order of increasing thickness. This 

arrangement is also approximately that from structurally external (left) to structurally internal (right), that is, the original relative north/south- 

location with thrust structure removed. Rocks of the Sanglok group (mostly sandstones) are in grey stipple; those of the Pulisanga group 

(mostly limestones and shales) are shown in a brick pattern. The major discontinuity in thicknesses between sections north of the Illiac and 

Peter-I-range faults (wherein post-Jurassic sections lie directly on Upper Palaeozoic basement without intervening Jurassic evaporites) and 
those south may indicate the approximate location of the palaeo-hinge zone of the ancient passive margin. 














































because the passive margin assemblage of the Tadjik Depression 
was not deformed until the late Tertiary (20-25 Myr BP), it 
appears that the Central Asian portion of the Asian margin was 
not completely sutured until well after the continental collision 
between India and ‘Asia’ (compare ref. 23). It seems that the 

northward motion of India continued to close oceanic basins 
_ that persisted in the late Tertiary, to the north of the terrains 
that were first accreted to its northern margin. 
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Reconstructions of climate in the Holocene rely heavily on 
palaeoclimatic indicators such as altitudinal and latitudinal tree- 
line movements’ inferred either from direct (macrofossil), or 
indirect (pollen), evidence of sites more or less distant from the 
present treelines’*. Long-term trends in tree regeneration on 
well-drained sites of the forest-tundra—the transition zone 
between the Boreal forest and the Arctic tundra zones—may also 
be used as ecological indicators of Holocene climatic changes. 
Charcoal found in soils of treeless or forest vegetation in the 
transition zone indicates respectively, failure or success in the 
post-fire regeneration of trees; as regeneration is influenced by 
climate, radiocarbon-dated charcoal can be used as a record of 
palaeoclimate. We suggest here that the widespread occurrence of 
treeless sites is the result of late Holocene deforestation involving 
climate-fire interactions and that disjunct lichen-forest sites are 
the outcome of successful regeneration sometime during the last 
1,000 yr. This climatically induced process is acting at the site and 
the species levels, south of the present tree line. 

The northern Québec forest-tundra (Fig. 1) extends from the 
limit of continuous forest (Boreal forest) to the tree line’. Forests 
grow mainly into the lowlands in well-watered and protected 
sites, whereas treeless lichen-dominating vegetation is found on 
_ the interfluves. Forests become increasingly scattered towards 
-the north and occur as small groves near the latitudinal tree 
_ line, a similar situation to that outlined” for the transition zone 
west of Hudson Bay. The occurrence of fires is widespread, 
especially in the more continental parts, and the presence of 
_well-preserved coniferous charcoal, forming discrete layers at 
the top of mineral soils or buried into the soil profile by solifluc- 
ion in treeless sites, suggests that coniferous vegetation was 
more extensive in the past. Charcoal found under the lichen 
ground cover, south of the modern tree line, has been interpreted 
as evidence of past movements of the north-central Canadian 
_forest-tundra''-'’; this interpretation, assumed (1) that a finding 





of charcoal is a direct proof of the presence of a former forest 
line and (2) that the spatio-temporal distribution of radiocarbon- 
dated charcoal shows a strong latitudinal shifting of the so-called 
forest line—defined’* as the northern edge of the adjoining 
Boreal forest, where forests cover 50% of the soil surface—and 
of Boreal forest zone, owing to climatic change. The underlying 
hypothesis rests on a conception of vegetation zones suggesting 
global movements of the forest-tundra, south and north of its 
modern position, in an oscillatory pattern, in response to climatic 
forcing. In our view, however, the problem is somewhat different, 
if one considers the forest-tundra as the product of a once 
densely-populated coniferous zone that experienced a long-term 
deforestation sometime after the regional postglacial climatic 
maximum. 

Our study was conducted in four different regions of the 
forest-tundra in a south-north direction, from the limit of con- 
tinuous forest to the tree line ( Fig. 1). Radiocarbon-dated conifer 
charcoal from 116 well-drained sites was stratified on a habitat 
basis that reflects differential post-fire tree regeneration. The 
samples were collected systematically along transects at the sites, 
which are characterized by similar soil conditions supporting 
lichenic vegetation in treeless, krummholz (stunted spruces) and 
forest sites. Coniferous charcoal was identified from deciduous 
charcoal using standard criteria—anatomical characteristics 
such as lack of vessel elements, presence of tracheids, cone 
fragments and conifer leaves—but because coniferous charcoal 
at these sites does not indicate the exact growth forms that 
burned, it is often difficult to identify the composition of the 
pre-fire vegetation, unless wood remains are also present. Three 
conifer-fire chronologies, related to the last fire that occurred 
at each site of the treeless, krummholz and forest habitats, 
respectively, were constructed using weighted radiocarbon dates 
(Fig. 2). 

In Fig. 2a, the data indicate that treeless vegetation was formed 
during the last 3,000 '“C-yr when coniferous tree species (black 
spruce, Picea mariana (and tamarack, Larix laricina) were extin- 
guished because of a failure in sexual regeneration. These sites 
previously supported a sparse stunted black-spruce cover, 
occasionally with isolated tamarack trees, as Suggested by 
various growth forms of wood remains. The former presence of 
white spruce (Picea glauca) in our sites seems unlikely, except 
in the Richmond Gulf area (Fig. 1) where the species extends 
throughout the maritime fog belt'*, in a geographical position 
similar to that'* on the west coast of Hudson Bay; priseral 
replacement of white spruce by black spruce, as suggested’® for 
Labrador, remains uncertain for the three continental regions 
(Fig. 1) and needs to be documented. The distribution of C- 




















Fig. 1 The northern Québec forest- 
tundra zone lying between the limit o a 
of continuous forest and the tree line, e0 

according to ref. 9. Sites of dense z 
krummholz are typically positioned ‘ 
along the Hudson Bay seaboard and 
the tree line where fire is infrequent 
and of limited extent. Modern exten- 
sive fires, mapped from field surveys | 
and aerial photographs, coincide a 
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charcoal dates from dense black-spruce krummholz sites which 
have been free of fire disturbance for 400-600 yr and in some 
cases for more than 1,000 yr (Fig. 2b) is somewhat similar to 
that of Fig. 2a. These persistent communities are characterized 
by the presence of numerous wood remains lying at the ground 
surface. Sites from the third habitat are occupied by old-growth 
lichen-forest that regenerated around 900-800 BP and around 
600-450 BP (Fig. 2c) and are unique in that they have been free 
of fire disturbance since these two fire periods. They usually 
exhibit well-preserved wood remains that reveal their long-term 
regeneration history. 

The latitudinal position of the sampled charcoals (Fig. 3) 
shows that the onset of treeless communities was metachronous, 
although more fires were registered during the last millennium, 
and also that the long-term deforestation and conifer extinction 
are not related to distance from the present tree line (Fig. 1). 
This situation may be associated with a progressive incidence 
of areally smaller burns, characteristic of marginal forest-tundra 
and tundra sites'’, reflecting an overall decrease in the supply 
of burning fuels. 

The three conifer fire chronologies (Fig. 2) stress that differen- 
tial post-fire tree regeneration occurred on well-drained sites of 
the forest-tundra during the last 3,000 '*C-yr. The post-fire com- 
munities now established on these sites are a direct response to 
a long-term regeneration process shown schematically in Fig. 
4. The importance of post-fire tree regeneration at each site 
depended on the regeneration potential of the pre-fire com- 
munities, either forest (with trees bearing normal cones) or 
krummholz (with stunted spruces bearing only a few small cones, 
sometimes none); possibly on shorter or longer fire intervals'®'° 
and on the timing between a fire occurrence and the onset of 
cold or mild climatic conditions. (A similar scheme has also 
been outlined” for Holocene dune development in Québec.) 
From 3,000 BP to the present, the expansion of treeless vegeta- 
tion (Fig. 2a) has primarily been the consequence of krummholz 
and forest burns, as suggested by wood remains with the former 
krummholz being possibly the outcome of ancient lichen wood- 
land that failed to regenerate as trees because of the onset of 
cooling. Expansion of treeless vegetation through fire disturb- 
ance was somewhat decelerated around 2,100-1,800 BP, 1,050- 
800 BP, 650-450 BP and now, probably because of better spruce 
regeneration associated with the milder conditions pertaining 
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Fig. 2 Cumulative statistical-weight histogram of the 116 '*C 
dates from charcoal found in well-drained sites of the northern 
Québec forest-tundra zone. The histogram was constructed using 
methods given in ref. 26. The statistical weight is calculated for 
each 50-yr class interval ('*C yr) from probability tables for a 
normal distribution (+20). Also included is the distribution of 
individual '*C dates (vertical lines). '*C-charcoal dates of the last 
conifer fire that occurred in: a, present-day treeless sites; b, 
krummholz sites; and c, tree stands. Black arrows, macrofossil 
evidence of minor tree-line expansion north of the present tree 
line in the Leaf River area, according to ref. 3. White arrows, 
macrofossil and modern tree evidence of reforestation on well 
drained sites of the forest-tundra according to refs 3 and 14, in 
the Leaf River area and Richmond Gulf area, respectively. 


































Fig. 3 Distribution of “C-charcoal 
dates (solid lines, +0) according to 














latitude. All samples from Leaf River 
(1) were collected at an altitude of 
150-200 m above sea level; at 125- 
140m in Bush Lake (2); 30m in 
Richmond Gulf (3); and 235-300 m 
in Clearwater Lake (4). Treeless sites 
were often above and also at the same 
altitude as krummholz and old forest 
































sites. O, Treeless site; 0, krummholz 
site; A, forest site. r 
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Fig. 4 The reforestation-deforestation process in the northern 
Québec forest-tundra zone (northern part) during the Holocene. 
Fire recurrence in spruce forest stands (a) during late Holocene 
cooling (downward arrows) caused a shift towards depauperate 
coniferous populations (b, c, d); subsequent fires culminated in 
total deforestation indicated by treeless communities (e). Short 
warming periods over the last 1,000 yr were responsible for local 
reforestation (upward arrows). Reforestation from long-distance 
seed dispersal occurred recently at some treeless sites'* near the 
tree line (not indicated here). 


in forest stands around 900-800 BP and 600-450 BP. However, 
the forest sites are far less numerous than those recording 
deforestation and conifer extinction. Tamarack macrofossil 
evidence of minor tree-line expansion and local reforestation 
during these periods was also noted in the study area (Fig. 2). 
Finally, it is thought that most of the old-growth krummholz 
(Fig. 2b) represent forest remnants”’, forming a transient stage 
owards treeless communities in the long-term regression of the 
coniferous cover at those latitudes (Fig. 4). 





















We conclude that the structure of the modern forest-tundra 
zone is the result of long-term tree regeneration dynamically 
related to Holocene climatic changes and to fire history. These 
ecological factors together contributed to progressive regression 
of the coniferous cover, forests and krummholz, respectively, 
and to local tree-species extinction, more particularly between 
3,000 and 2,100 BP, 1,800 and 1,050 BP, 800 and 650 BP and 450 
and ~100 BP. The spatio-temporal distribution of the radiocar- 
bon-dated charcoals (Fig. 3) does not support any displacement 
of the transition zone in a way similar to that described for the 
north-central Canadian forest-tundra from charcoal data!” 
and from qualitative pollen data’. Instead of large-scale move- 
ments of the forest-tundra, our data suggest that this zone 
developed its modern facies at least during the last 3,000 '“C-yr 
period of deforestation south of the present treeline, at a time 
when no important movements of the tree line were reported 
in western??? | central** and eastern” Canada. Evidence of 
past tree-line displacements may be found north of the present 
tree line where krummholz stands grow (Fig. 1) in the area 
undisturbed by major fires for many centuries (Figs |, 2). There- 
fore, their location gives the minimum magnitude for past tree- 
line movements related to black spruce. Because of the disjunct 
distribution of forest biomass and the infrequency of fires near 
the tree line, the northernmost part of the forest-tundra will 
probably be less susceptible to fluctuations than the southern- 
most part where frequent and large wildfires could increase the 
incidence of deforestation events. 

We thank Dr Louise Filion (Québec) for helping to improve 
the manuscript and Mr Yvan Grenier for drawing the figures. 
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| embryos at —196°C by vitrification 
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The failure of complex mammalian organs, such as the kidney, to 
function following freezing to low temperatures is thought to be 
due largely to mechanical disruption of the intercellular architec- 
ture by the formation of extracellular ice’~*, Classical approaches 
to the avoidance of ice formation through the imposition of ultra- 
rapid cooling and warming rates’* or by gradual depression of 
the equilibrium freezing point during cooling to —80 °C?” have 
not been adequate. An alternative approach'’** relies on the 
ability of highly concentrated aqueous solutions of cryoprotective 
agents to supercool to very low temperatures. At sufficiently low 
temperatures, these solutions become so viscous that they solidify 
without the formation of ice, a process termed vitrification. When 
embryo suspensions are cryopreserved using conventional pro- 
cedures, this supercooling behaviour allows intracellular vitrifica- 
tion, even in the presence of extracellular ice'’-”’. We have there- 
fore used mouse embryos to examine the feasibility of obtaining 
high survival following vitrification of both the intra- and extracel- 
lular solutions and report here that in properly controlled condi- 
tions embryos seem to survive in high proportions after cry- 
opreservation in the absence of ice. 

Successful vitrification requires the use of a highly concen- 
trated yet effectively non-toxic solution of cryoprotectants. Our 
vitrification solution (VS1) was based on solutions described 
elsewhere'® and consists of 20.5% w/v dimethyl sulphoxide 
(DMSO), 15.5% w/v acetamide, 10% w/v propylene giycol and 
6% w/v poly(ethylene glycol) (PEG, relative molecular mass 
(M,) 8,000) in a modified Dulbecco’s saline (HB1) at pH 8.0. 
Similarly concentrated solutions of cryoprotectants are known 
to vitrify based on a variety of physical measurements'®?!-? as 
well as freeze-fracture microscopy®. VS1 (total concentration 
~13 molal) has been shown to vitrify when cooled at rates above 
5°C min™' both by differential scanning calorimetry (D. S. Reid, 
unpublished data) and by the procedure’®** of direct visual 
inspection. 

Cryoprotectant toxicity and osmotic injury are influenced by 
the concentration of cryoprotectant and the time and tem- 
perature of exposure. We controlled these factors as follows. 
Embryos were first transferred to an HBI solution containing 
one-quarter of the cryoprotectant levels in VS1 (25% VSI) for 
15 min at ~20°C. The embryos shrank and then re-expanded 
to their initial volumes, indicating complete permeation of 
DMSO, acetamide and propylene glycol. The embryos were 
then exposed to more concentrated solutions in a cold room 
(~4°C) to reduce toxicity. Embryos were observed to shrink 
(dehydrate) and remain shrunken when exposed to these con- 
centrated solutions at 4 °C, indicating no further cryoprotectant 
permeation at this temperature. However, dehydration concen- 
trates both intracellular protein and the previously introduced 
intracellular cryoprotectants and should thereby permit intracel- 
lular vitrification without additional cryoprotectant per- 
meation'’®”°, The short times required for dehydration also 
minimize toxicity. Dehydration has the further advantage of 
allowing cells to tolerate rapid dilution of the cryoprotectants 
after cryopreservation and warming'® 

A high proportion of embryos pre-equilibrated in 25% VSI 
as described above survived (based on development to expanded 
blastocysts within 48h of culture) after exposure at 4°C to 
75% VSI for 40 min (94.3% survival, n =88), 87.5% VSI for 
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Fig. 1 Survival of eight-cell mouse embryos as a function of the. 
time of exposure to the vitrification solution (VSI). Embryos were 
obtained from immature N: NIH(S) females that were superovu- 
lated and mated with N: NIH(S) males. Embryos were collected 
and handled as described previously”. The embryos were washed 
in HB1 solution, a modified Dulbecco's saline” containing | mM 
phosphate and supplemented with 20 mM HEPES buffer, 0.33 mM 
sodium pyruvate, 5.56mM glucose, 3mgml~! bovine serum 
albumin and 100 IU mi”! penicillin G. Groups of 14-25 embryos ` 
were placed in a 1:4 dilution of VSI (25% VSI = 5.125% w/v 
DMSO, 3.875% acetamide, 2.5% propylene glycol and 1.5% PEG 
in HB1) for 15 min at 20°C to allow complete permeation of the 
cryoprotectants. The embryo suspensions were then placed in a 
cold room (~4 °C) where the embryos were exposed to the vitrifica- 
tion solution in two steps. First, the embryos were transferred to 
a 1:2 dilution of VS1 (50% VSI = 10.25% w/v DMSO, 7.75% 
acetamide, 5% propylene glycol and 3% PEG in HB1) for 10. min. 
and then finally into VS1. After various periods of exposure: to 
VSI, embryos were immediately transferred into 50% VSI for 
10 min and then into 25% VSI for 10min at ~4°C. The embryo 
suspension was then warmed to ~20°C and the remaining cry- 
oprotectants were removed in two equal steps. Finally, the embryos 
were washed in PB] solution’? and cultured in Brinster’s BMOC-3 
medium**. Survival was measured as the percentage of cultured 
embryos developing to the expanded blastocyst stage within 48 h. 
Each data point represents an average of 30 embryos (range 14-56). 





20 min (94.7% survival, n = 224) or 90% VS! for 20 min (93.6%. 
survival, n= 115). Exposure to VSI, however, produces time- 
dependent injury (Fig. 1). High survival (80%+) is observed 
after exposure for up to 15 min, but survival decreases rapidly. 
after longer exposure times. This decrease in survival could, 
however, be prevented at lower temperatures. For example, 
embryos exposed to VSI for 10 min at ~4°C will tolerate an 
additional 60 min of exposure if the temperature is reduced to 
—20°C. 

Following osmotic equilibration in VSI or in various dilutions 
of VSI, embryos and their suspending medium were cooled 
either by plunging into liquid nitrogen or by being placed in a 
gradually cooling bath (20°C min™'). At the higher concentra- 
tions—100, 90 and 85% VS1—embryos survived in high propor- 
tions after both rapid and slow cooling (Fig. 2). However, at 
the lower concentrations—75 and 75% VSI—only about half 
the embryos survived after rapid cooling, and none survived 
after slow cooling. 

The effect of warming rate on embryo survival is shown in 
Table 1. The temperature of the embryos was not permitted to 
exceed 4°C during either slow or rapid warming. Embryos 
warmed at 300°C min™' or above showed high survival inde- 
pendent of cooling rate, whereas embryos warmed at 10 °C min™! 
were always killed. This result is presumably associated with 
devitrification (crystallization) at warming rates below 300°C 
min’. During warming at 10°C min™', devitrification was 
readily visible as a whitening of the suspending medium. 

We propose that the high survival observed when embryos 
are cooled in 100% VSI is associated with the absence of ice 
formation both extracellularly and intracellularly. Evidence for. 
extracellular vitrification was described above. Intracellular 
vitrification is implied by earlier studies in which embryos were ~ 
frozen slowly in 1.5 M DMSO”. Slow freezing of 1.5 M DMSO 
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Cooling Warming 
rate rate Total no. of embryos Survival 
Container (°C min!) (°C min™!) (replicate samples) (%) sem. 

Embryos cooled in VSI 

Ministraw 2,500 2,500 343-(13) 87.8 1.9 

Ministraw 20 2,500 110 (4) 83.6 3.9 

Glass tube 500 300 171 (6) 80,7 4.0 

Ministraw 2,500 10 63 (3) 0.0 ~ 
Embryos cooled in 90% VSI 

Ministraw 2,500 2,500 188 (7) 84.6 3.7 

Ministraw 20 2,500 204 (8) 80.8 49 

Glass tube 500 300 151 (5) 87.4 2.2 

Ministraw 2,500 10 68 (3) 0.0 —_ 
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Embryo suspensions were prepared and cryopreserved as described in Fig. 2 legend with two exceptions. First, some embryos were placed in a 
10 x75-mm glass test tube containing 0.2 ml of the appropriate vitrification solution. Second, some ministraws. were warmed slowly (~ 10°C min™') 
by transfer into a 16 *150-mm glass tube containing ethanol precooled to —110°C and allowed to warm in room temperature air. Slowly-warmed 
straws were removed from the alcohol at ~ —5 °C, placed in an ice-water bath and then brought into the cold room for immediate embryo recovery 
“and dilution. The rates of rapid cooling and warming for straws are estimated from unpublished data of S. P. Leibo and the lower rates were 
measured using thermocouples. 90% VSI solution was prepared by mixing 9 parts of VSI and | part HB1: 18.45% w/v DMSO, 13.95% acetamide, 











“9% propylene glycol and 5.4% PEG in HBI. 


“to —40 °C yields a concentrated residual solution that will vitrify 
“when cooled to <— 130°C. Light microscopical observations 
indicate that embryos dehydrate when exposed to these solutions 
during slow freezing to —40°C and will undergo intracellular 
vitrification on subsequent rapid cooling'**°. Therefore, 
“embryos dehydrated to a similar extent by exposure to VSI at 
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Fig. 2 Survival of eight-cell mouse embryos cooled to —196 °C 
and warmed rapidly, as a function of the total concentration of 
cryoprotectants in the suspending solution. Embryos were collected 
and exposed to the 25% VSI solution at ~20 °C and the 50% VSI 
solution at ~4°C as described in Fig. 1 legend. Groups of 15-40 
embryos. were then placed in one of several solutions containing 
70-100% of the stock VSI concentration. These solutions were 
. prepared by diluting VSI with HB1. After dehydration in these 
solutions (<5 min), the embryos were pipetted into the centre of 
a 45-pl drop of the same suspending solution in a 0.25-cm? plastic 
insemination straw (IMV, L’Aigie, France). Ten minutes after 
. transfer of the embryos to VSI, the heat-sealed straws were cooled 
either rapidly (2,500°C min™') by direct immersion in liquid 
nitrogen (— 196°C) or ‘slowly’ (~ 20°C min™') to —130°C in a 
steadily cooling isopentane bath before transfer to liquid nitrogen. 
After a storage period of 1-30 days, straws were warmed rapidly 
by vigorous shaking in a 0 °C water bath (2,500 °C min™'). Immedi- 
ately after warming, the contents of the straw were expelled into 
a Petri dish containing 3 ml of the 50% VSI solution at ~4 °C and 
the embryos diluted and cultured as described in Fig. 1 legend. 
Approximately 98% of the cooled embryos were recovered and 
cultured. Values are means +s.e.m. The number of replicate 
samples and the total number of embryos recovered after thawing 
(in parentheses) were, in order of decreasing concentration for 
rapidly cooled samples (MB), 13 (343), 7 (188), 1 (21), 2 (52), 7 
(223), 6 (225) and 4 (142), and for slowly cooled samples (@), in 
the same order, 4 (110), 8 (204), 2 (41), 2 (42) and 2 (38). 


4°C would be expected to undergo intracellular vitrification on 
subsequent cooling. Our proposal is supported by the depen- 
dence of survival on the warming rate (Table 1). Embryos are 
killed by slow warming, a condition which would permit both 
extra- and intracellular devitrification (crystallization). Defini- 
tive proof of intracellular vitrification after cooling in VSI, 
however, will require further studies. 

The survival of embryos cooled in 90 and 85% VS1 is more 
difficult to explain because ice will form in these solutions, 
especially during slow cooling. One speculative explanation for 
the unexpectedly high survival is related to the ability of a variety 
of biological and synthetic macromolecules to facilitate vitrifica- 
tion at relatively low concentrations'*"**°, Cellular dehydration 
of embryos at 4°C will cause the endogenous intracellular 
macromolecules (for example, proteins) to concentrate and may 
therefore allow the intracellular solutions to vitrify more readily 
than the suspending medium. The death of embryos cooled in 
75 and 70% VSI presumably results from intracellular freezing 
during cooling and/or warming due to insufficient concentra- 
tions of intracellular solute. 

Our results demonstrate that at temperatures as high as 4°C, 
mouse embryos can tolerate exposure to and osmotic dehydra- 
tion in a concentrated solution of cryoprotectants which is 
capable of vitrifying. Moreover, embryos in VS1 survive cooling 
to —196°C and rapid warming in conditions which lead to 
vitrification of the extracellular and, presumably, the intracel- 
lular solutions. Recent experiments have demonstrated that 
human monocytes retain full functional integrity after exposure 
to and cooling in 93% VSI, suggesting that this approach to 
cryopreservation is applicable to other types of cells and tissues. 
Finally, current efforts to cryopreserve organs by vitrification 
are supported by evidence that mouse embryos in VS! readily 
survive vitrification at moderate cooling rates and at warming 
rates which may well become feasible for large specimens”, 
and by the absence of time-dependent cryoprotectant toxicity 
at —20 °C and by the possibility that culture assays may allow 
the repair of cryoprotectant-induced injury observed’ using 
immediate tests of viability. 

We thank P. M. Schmidt for supplying mated, superovulated 
mice and Dr H. T. Meryman for encouragement. This work was 
supported by grants GM 17959 and BSRG 2 507 RR05737 from 
NIH and the American Red Cross. This is contribution 644 from 
the American Red Cross, Blood Services. Laboratories. 

Note added in proof: Normal late-stage fetuses and live off- 
spring result from the transfer of vitrified embryos to foster 
mothers (W.F.R., M. J. Wood and C. Kirby, in preparation). 
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Retinotopic order appears 
before ocular separation 
in developing visual pathways 
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In mammals, the major subcortical visual structures receive projec- 
tions from both eyes, with the uncrossed projection being smaller 
than the crossed. Each projection is arranged as a separate orderly 
map of one hemiretina. Although these hemiretinal maps are 
separate in the nuclei, they are aligned so that the representations 
of points in the visual field are in register, thus there is a continuity 
of visual field representation between them'. During the early 
development of the binocular pathways, terminals from the two 
eyes overlap almost entirely. As development proceeds, terminals 
arising from each eye segregate to form the adult pattern?*. In 
the present study, local retinal lesions were made in ferrets at 
various stages in development before the separation of the projec- 
tions from the two eyes. A neuronal tracer was then injected into 
the damaged eye, defining the pattern of projection from that eye. 
As reported here, the lesion resulted in a limited interruption in 
the pattern of terminal label on both sides of the brain, demonstrat- 
ing that terminals from each eye are arranged in an orderly 
retinotopic manner at this stage. Hence, during later development, 
as one projection is reduced relative to the other, the two maps 
must slide in relation to each other. 

In the ferret (gestation period 41 days), retinal ganglion cell 
axons start to penetrate subcortical visual structures on embry- 
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onic day 28 (E28); by E36 they have invaded all of the la 
geniculate nucleus (LGN). On the day of birth (DO), retin; 
projections from both eyes occupy the whole nucleus. During — 
the next 9 days, the two projections segregate progressively, 
with the ipsilateral projection retracting to part of the binocular 
region of the dorsal LGN which is located caudally. The contra- 
lateral projection withdraws from this part of the caudal nucleu 
over the same time period®. In the present study I have used 
pigmented and albino animals ranging from the late prenatal 
to the early postnatal period. This included the follow 
mented animals: 2. E38, 7 E39, 6 E40, 15 DO, : 


A 


exposed eye rotated to reveal part of its posteri aspect 
small section of aluminium foil was placed against a part of the 
sclera, and the fine tip of a heated thermal probe placed briefi 
against the foil; this caused a small section of the eye to fuse 
to the foil and produced a localized retinal lesion. The lesion 
site varied between animals. The lesioned eye was then injected 
with the tracer horseradish peroxidase (HRP), and ~10h later 
the animals were deeply anaesthetized and perfused with a 
solution containing 1.5% paraformaldehyde and 1.5% gluteral- 
dehyde. The brains were removed and sectioned either horizon- 
tally or sagittally, and processed to reveal anterogradely trans- 
ported tracer’. The sections were lightly counterstained with 
neutral red. The injected eye was opened to confirm that the 
retina had been lesioned. The size of the lesion varied between 
animals, but in the majority it occupied ~ 20% of the retinal area: 

Independent of age, in every animal in which a localized 
retinal lesion could be identified, and in which there was success- 
ful anterograde transport of HRP, a limited interruption could: 
be identified in the pattern of terminal label, in one or moré 
central visual structures. In the dorsal LGN no terminal or fibre 
labelling could be identified within this interruption. The border 
between labelled and unlabelled regions in the contralateral 
projection was sharp (see Fig. La). There was no obvious differ- 
ence in the precision of this border between animals at E40 or 
later, nor was there any obvious difference between the sharpness 
of this border in the dorsal LGN (Fig. 1a) compared with that 
in the superior colliculus (SC; Fig. 1d). When lesions were 
confined to the nasal retina, the interruption in the pattern of 
label in the contralateral dorsal LGN was confined to the rostral 
segment of the nucleus (Fig. 1b); in the adult animal this region |. 
becomes the monocular sector, receiving its projection from the 
peripheral nasal retina®. This lesion also produced an interrup- 
tion in the pattern of terminal label in the contralateral caudal 
SC; in the adult this region would also be monocular. When | 
lesions were confined to the temporal retina, the interruption 
in the pattern of terminal label in the contralateral dorsal LGN 
was confined to the caudal region (Fig. 1c); in the contralateral 
SC it was confined to the rostral region (Fig. 1d). Both of these 
regions in the adult animal would represent binocular sectors. 
of the visual field’. There was no obvious difference between 
the pigmented and the albino animals in the order of this 
projection. 

The topographical pattern found in the contralateral projec- 
tion of the prenatal and neonatal animals is shown schematically 
in Fig. 2, together with a schematic representation of this projec- 
tion in a pigmented adult. ; 

Labelled terminals in the ipsilateral dorsal LGN and SC were 
very sparse in prenatal and albino animals, therefore it was not 
possible to determine the precision of this projection in these 
animals. However, in the neonatal pigmented animals, retinal 
lesions produced clear interruptions in the pattern of terminal 
label in the ipsilateral dorsal LGN, and the border between 
labelled and unlabelled regions was as sharp as that in the 
contralateral projection. Although this projection was 
topographically ordered, it was not possible to determine the 
nature of the topography. 

I have demonstrated that the polarity of the contralateral. 
projection in young ferrets is appropriate for the adult map. 


Pig. l 

graphs of horizontal (a 

tal (d) sections of the dorsal LGN 
and SC from young ferrets after 
localized retinal lesions and 
anterograde labelling with HRP 
(50% in 0.9% saline); the tracer was 
injected intraocularly. In all cases the 
broken line marks the extent of the 
nuclei, determined using cytoar- 
chitectonic criteria under bright-field 
illumination. The precision of the 
border between labelled and unlabel- 
led regions is demonstrated in a (the 
sections shows the caudal region of 
the dorsal LGN from a DO animal 
following a lesion of the contralateral 
temporal retina). HRP was injected 
after the lesion was made ( x 134). b, 
An example of the pattern of label 
found in the contralateral dorsal 











laminar nucleus; OT, optic tract; P, perigeniculate nucleus. 


























:¿ However, two questions remain unanswered. First, although it 
has been shown that the temporal retina projects to the caudal 
part of the dorsal LGN, and nasal retina to the rostral part of 

‘the nucleus, it has not been possible to determine whether retinal 
regions between the two project in appropriate topographical 
“order to intermediate parts of the nucleus. In spite of this, there 
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Fig. 2 Schematic representations of the contralateral retinal pro- 
jection in the adult animal and in the late prenatal/early neonatal- 
stage. In the adult retina regions B, C and D project in an orderly 
manner to the contralateral dorsal LGN (dLGN)}, with retinal 
region D projecting to the caudal part of the nucleus. There is a 
sharp division between ipsilaterally and contralaterally projecting 
ganglion cells between A and B. The shaded region in the adult 
dLGN represents the part of the nucleus occupied by terminals 
from the ipsilateral eye. The contralateral projection in the late 
prenatal/early neonatal animal covers the whole nucleus. Here, 
the nasal retina (D) is shown projecting to the rostral part of the 
nucleus as it does in the adult, with the temporal retina (A) 
projecting to the caudal part of the nucleus. Although this demon- 
strates that the unretracted projection is retinotopically ordered, 
itis unclear whether the interruption caused by the temporal retinal 
lesion was the result of damage to an aberrant crossed projection 
from A or damage to B. T, temporal: N, nasal: R, rostral: C, 
caudal; M, medial: L, lateral. 


LGN of an E40 animal, shown in horizontal section, following a lesion confined to the 
nasal retina (87.1). c, A low-power micrograph of a, showing the pattern of label 
found in the contralateral dorsal LGN following a lesion confined to the temporal 
retina (87.1). d, Example of the pattern of label found in a sagittal section of the SC 
contralateral to a temporal retinal lesion in an E40 animal ( x 87.1), The arrow indicates 
the border of the interruption in the pattern of terminal label. To the right of the arrow, 
labelled optic fibres can be seen running through the interruption. Mi, medial inter- 




























is no reason to assume that this region is different from either 
the rostral or caudal aspects. Second, in the adult there is a 
sharp division between ipsilaterally and contralaterally project- 
ing ganglion cells which terminate in the LGN. In the neonate 
a small population of contralaterally projecting cells are found 
in the temporal retina®; it is unclear where these cells terminate 
in the dorsal LGN. Unfortunately, the temporal retina is rela- 
tively small in the ferret, and lesions in this region probably 
also encroached on the nasal retina. Hence, it was impossible 
to determine whether this aberrant projection terminated in 
topographical sequence in the caudal region of the nucleus. 

The results presented here demonstrate that, during develop- 
ment, retinotopic order is established before ocular separation 
occurs in subcortical visual structures. It seems that retinotopic 
order is independent of any single set of landmarks in the dorsal 
LGN. If such landmarks were significant, two separate dynamic 
sets would be required, for which there is no evidence. While 
segregation is occurring, with one projection retracting to a 
smaller territory than the other, the two maps must slide in 
relation to one another, bringing the two projections into register 
in their separate territories. This process may be dependent on, 
or coincident with, retinal ganglion cell death. In the rodent, 
cell death in the population of ipsilaterally projecting cells 
occurs over a similar time period, and at a similar rate, to the 
retraction of the terminal field of ipsilaterally projecting cells 
in dorsal LGN’. Unfortunately, no detailed study of the time 
course of cell death has been undertaken in the ferret, although 
preliminary studies indicate that it is a postnatal event in this 
species”. 
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The rat hippocampus receives a strong cholinergic innervation 
from the medial septum’; information about the development 
and function of this pathway could help to elucidate the mechan- 
isms of memory functions**. Previous electrophysiological studies 
have shown that septal stimulation in vivo facilitates commis- 
sural’* and perforant path” inputs and that stimulation of intra- 
hippocampal cholinergic fibres in vitro produces a slow depolariz- 
ation of rat hippocampal CA; pyramidal neurones and increases 
their excitability". We describe here a different approach to 
the investigation of this system, by co-culturing slices of young 
rat hippocampus and septum”, then recording the effects of septal 
nucleus stimulation on single voltage-clamped hippocampal CA, 
pyramidal neurones. Under these conditions acetylcholinesterase- 
staining (presumed cholinergic) fibres grow out from the septum 
into the hippocampus. Single septal stimuli produce a short-latency 
non-cholinergic fast excitatory postsynaptic current, whereas 
trains of stimuli produce a slow inward current augmented by 
neostigmine and suppressed by atropine; hence this has a choliner- 
gic origin. Our experiments provide both the first demonstration 
that functional synapses can be est=blished between explanted 
cholinergic and cholinoceptive neuronal systems from the mam- 
malian brain in organotypic culture and the first description of 
cholinergic slow excitatory postsynaptic currents in the mammalian 
central nervous system. 

Slices of hippocampus and septum were obtained from 7-day- 
old rats and cultured side-by-side on glass coverslips'*'*. After 
3-5 weeks the septal cultures contained groups of neurones 





Fig. 1 Acetylcholinesterase-staining of a co-cultured septal (S) 
and hippocampal (H) slice preparation in which e.p.s.cs had been 
detected previously in a CA, pyramidal cell following a brief train 
of septal stimuli (see Fig. 2). Acetylcholinesterase-positive fibres 
(arrowed) originating in septal neurones cross the gap between 
the two explants and invade the dentate gyrus and the CA, area 
of the hippocampal formation. 

Methods. The cultures were fixed in 4% paraformaldehyde in 0.15 
M phosphate buffer and stained for acetylcholinesterase*>. The 
histochemistry used acetylthiocholine as the substrate and 

ethopropazine as the inhibitor of non-acetylcholinesterases. 
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cholinesterase-staining fibres from the septum into the hip- 


pocampus (Fig. 1). These fibres ramified widely throughout the _ 
hippocampus but were concentrated most heavily in the dentate — 


gyrus and CA, areas. 

For electrophysiological study, the co-cultures were: trans- 
ferred to a temperature-controlled (35°C) perfusion chamber 
where single CA, hippocampal pyramidal cells were impaled 
with a microelectrode under visual control’? and then voltage- 
clamped’. Septal stimulation produced two different excitatory 
post-synaptic currents (e.p.s.cs): (1) a short-latency (<10-ms) 


fast e.p.s.c. after single shocks; (2) a delayed slow e.p.s.c. after: 
a train of shocks (Fig. 2, left and right columns respectively). 


The fast e.p.s.c. was recorded in most (20 of 24) of the 
co-cultures as a transient inward current of several nA amplitude 
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Fig. 2 Fast and slow excitatory postsynaptic potentials and cur- 
rents (¢.p.s.ps and e.p.s.cs) recorded from a CA, neurone in an 
organotypically-cultured hippocampal slice following a stimula- 
tion of the adjacent, co-cultured medial septum. Fast responses 
(left column) were evoked by a single septal stimulus; slow 
responses (right column) followed a 1-s train of stimuli at 40 Hz. 
Note the different amplifications and time-bases. a, Potential 
changes in the unclamped state (resting potential —42 mV, 
depolarization upwards); b, the corresponding membrane currents 
when the neurone was voltage-clamped at its resting potential 
(inward current downwards). The fast e.p.s.p. (arrowed) initiated 
by a single septal stimulus induced a brief ‘burst’ response” in the 
CA, neurone; under voltage clamp the burst is suppressed, leaving 
a monotonic fast e.p.s.c., indicating that the burst resulted from 
the activation of endogenous voltage-dependent currents by the 
initial synaptic depolarizations. The time-course of the slow e.p.s.p. 
induced by repetitive stimulations reflected faithfully the underly- 
ing slow e.p.s.c. (In this cell, the slow e.p.s.p./slow e.p.s.c. is 
preceded by an i.p.s.p./i.p.s.c., probably due to activation of 
intrahippocampal inhibitory interneurones.) 

Methods. Co-cultures on a microscope slide were mounted on the 
stage of an inverted microscope and superfused at 1 ml min”! with 
Hanks’ balanced saline solution at 35 °C containing: 142 mM Na‘; 
5.8mM K*; 154mM CF; 2.8mM Ca?*; 4.0mM Mg**; 4.2 mM 
HCO; ; 0.4 mM SOZ"; 5.6 mM D-glucose. The Mg”* concentration 
was raised over the normal concentration (0.9mM) to reduce 
spontaneous activity; in other tests, 8 mM Mg** with 4mM Ca’* 
was sometimes used. Neurones were impaled with a microelectrode 
filled with 3 M KCI (tip resistance 20-30 MQ) and voltage-clamped 
via a high frequency sample-and-hold amplifier (Axoclamp-2, 
Axon Instruments Inc.) switching between current injection and 
voltage recording at 2-6 KHz. Our techniques for culturing and 
recording from hippocampal neurones and applying this type of 
voltage-clamp have been described elsewhere'*-'*. Currents were 
filtered at 3-10 KHz (for fast transients) or 0.3-1 KHz (for slow 
currents) and recorded on a Gould 2400 recorder. Voltages were 
corrected for those recorded after withdrawing the electrode. The 
septum was stimulated via a monopolar glass microelectrode filled 

with I M NaCl, using 0.1-0.4 ms square pulses of 1-10 pA. 
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Fig.3 The cholinergic nature of the slow e.p.s.c. as shown by the 
effects of atropine and neostigmine. A, Atropine (10 pM) in the 
absence of neostigmine abolishes very rapidly the slow e.p.s.c. 
evoked by repetitive (40 Hz, 1 s) septal stimulation (upper traces: 
continuous time-trace) without inhibiting the fast e.p.s.c. evoked 
by a single septal stimulus (lower records). Holding potential 
~43 mV. B, Holding potential -31 mV; a, slow e.p.s.c.; b, slow 
e.p.s.c, enhanced after adding 1 pM neostigmine; c, further addi- 
tion of atropine (0.1 uM) abolished the slow e.p.s.c.; d, partial 
recovery after removing the atropine. The rapid downward 
deflexions are spontaneous fast inward synaptic currents (see 
Fig. 2). 


which lasted up to 100 ms and reversed in direction between 
~20 and ~10 mV. It did not seem to be cholinergic in origin as 
cit was not reduced by 10M atropine or 100M D- 
tubocurarine; instead, it was reduced by 1 mM kynurenic acid'® 
and so might be mediated by an amino acid. The adult septo- 
hippocampal pathway seems to contain many non-cholinergic 
fibres whose chemical identity has not yet been established!”'!®. 
The slow e.p.s.c. was detected in about half (10 of 24) of the 
cultures as a delayed inward current following a brief train of 
septal stimuli with a peak amplitude of a few hundred pA and 
lasting up to 3 min. In unclamped cells this slow inward current 
generated a slow depolarization similar to that described pre- 
viously in adult hippocampal slices following stratum oriens 
stimulation’ (Fig. 2a). The slow e.p.s.c. seemed to be 
; cholinergic because: (1) it was blocked readily by 0.1-10 pM 
atropine (Fig. 3); (2) it was increased and prolonged by adding 
the anticholinesterase drug neostigmine (1 uM: Fig. 3); (3) the 
effect of repetitive septal stimulation was imitated by cholinergic 
agonists (see Fig. 5). The slow e.p.s.c. was often accompanied 
by an increased frequency of spontaneous fast synaptic currents, 
especially in neostigmine solution, and was eliminated by 
atropine. In some cells, septal stimulation increased spontaneous 
 €.p.s.c. frequency in the absence of an overt slow e.p.s.c. As 
these spontaneous currents were eliminated by atropine, they 
may result from an indirect cholinergic excitatory action on 
other hippocampal neurones connected synaptically to the 
impaled cell. 
Membrane conductance changes during the slow e.p.s.c. were 
_ assessed by applying square voltage jumps before and immedi- 
ately after septal stimulation in the presence of neostigmine 
(Fig. 4). The size of the current excursions was reduced appreci- 
ably during the slow e.p.s.c., indicating a fall in membrane input 
conductance, with a striking reduction in the magnitude of the 
time-dependent current relaxations observed during the voltage- 
jumps. 
Two time- and voltage-dependent K* currents may contribute 
to these relaxations: a Ca**-independent K*-current, Iy”? 
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Fig. 4 Effect of septal stimulation on cell input conductance. A, 
A hippocampal CA, neurone was voltage-clamped at about 
-32 mV and a, subjected to l-s voltage jumps of +10 mV; b, 
immediately after septal stimulation (during a slow e.p.s.c.) the 
currents evoked by the voltage jumps were reduced transiently in 
amplitude indicating a fall in input conductance; c, recovery 5 min 
later. Addition of 0.1 4M atropine (lower records) inhibited the 
slow e.p.s.c. and prevented the effect of septal stimulation on input 
conductance. The culture was superfused with a solution contain- 
ing 8 mM Mg’*, 4mM Ca”* and 1 pM neostigmine. The noise on 
the current records (filtered at 300 Hz) is due partly to spontaneous 
(non-cholinergic) synaptic activity. B, The current-voltage 
relationship for this cell measured before (A), during (@) and 
after (V) the slow e.p.s.c. Currents were measured at the end of a 
series of 1-s commands of varying amplitude, as displacement from 
the holding current at -32 mV. Each point is the mean of three 
measurements after three separate bursts of septal stimulation. 


and a Ca”*-activated K* current, I. (There may be contamina- 
tion also from a Ca?*-activated Cl” current”'.) These currents 
could not be separated adequately by pharmacological means 
while preserving the septal stimulation protocol. Tests using the 
cholinomimetic drug muscarine”’, however, suggested that inhi- 
bition of the Ca”*-independent current, Im, was the major cause 
of both the fall in input conductance and the inward synaptic 
current (Fig. 5). Thus, the action of muscarine on both steady 
current level and voltage-induced current relaxations persisted 
when inward Ca’*-currents were blocked with 100 pM Cd**. 
These effects of muscarine were imitated by acetylcholine 
(1 pM) and Ba?* (1 mM) and were blocked in the presence of 
the Ba** ions, in agreement with previous observations on the 
properties of I,,'°°. Further support for the view that Im 
inhibition provides the driving force for the depolarizing inward 
current is provided by the current-voltage curves in Figs 4 and 
5, as these converge at hyperpolarized command potentials 
where I, becomes deactivated. Likewise, synaptically-driven 
slow e.p.s.cs could only be detected at membrane holding poten- 
tials positive to about —55 mV and increased in amplitude with 
membrane depolarization, pari passu the activation of Im. 

In adult rat hippocampal slices, stratum. oriens stimulation 
seems to inhibit a Ca**-activated K*-conductance responsible 
for spike adaptation and post-spike hyperpolarization’®*, an 
effect imitated by noradrenaline”, 10 pM of which had a similar 
effect on our cultured cells. Unlike septal stimulation or 












Fig. 5 Effects. of muscarine and Cd?* on clamp- 
currents in a CA, neurone, superfused with a solution 
containing l pM tetrodotoxin (TTX) to suppress 
indirect (trans-synaptic) effects of muscarine. The 
records show superimposed current responses to 
several series of 0.5-s square voltage commands 
similar to those illustrated in Fig. 4. a, 10 uM DL- 
muscarine produced an inward current and reduced 
input conductance similar to septal stimulation (see 
Fig. 4). After washing out the muscarine for 5 min 
(two current responses to +20mV commands are 

















shown to indicate the range of variation), 100 uM 
CdCl, was added to the superfusion fluid for the 
remainder of the experiment. This concentration of 
Cd?* eliminated inward Ca?*-currents in other cells 
bathed in TTX-solution and impaled with a Cst- 
filled microelectrode”. Cd?* reduced initially the 
amplitude of the larger outward current relaxations 
but not the smaller outward relaxations, or the 
inward relaxations produced by hyperpolarizing 
commands. After 3-min exposure to Cd**, a sus- 
tained outward current developed accompanied by 
an increased conductance (regularly observed with 
Cd?*). Relaxations in Cd?* solution accelerated with 
increasing hyperpolarization and inverted at 
~80 mV, near to our estimate of Ex in these cells 
when bathed in 6mM K* (ref. 27). (The ‘rebound’ 








outward currents after large hyperpolarizing com- 
mands could be blocked by 100 pM 4-aminopyridine 
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and so may be inactivating K*-currents”*.) b, After 5-min perfusion with Cd?*, 10 pM muscarine was reapplied and again produced an inward 
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current with a fall in input conductance. The plots (inset) show current-voltage curves measured from the current responses to the voltage-steps 
recorded before (O) and during (@) the applications of muscarine in the absence and presence of Cd?*. 


cholinomimetic drug application, however, noradrenaline did 
not inhibit the time-dependent current relaxations of Figs 4 and 
5 and did not induce an inward current. Hence, even if contribut- 
ing to excitability changes following septal stimulation, inhibi- 
tion of this Ca**-activated current cannot account for the slow 
synaptic current itself, a view substantiated by the fact that no 
inward current was generated by Cd?* ions (see Fig. 5). 

We conclude that the cholinergic slow e.p.s.c. recorded in 
these cultured hippocampal cells following septal stimulation 
is analogous to that described previously in some sympathetic 
ganglia” and results from the ability of the released acetylcho- 
line to inhibit the voltage-dependent outward current Im. In 
more general terms, our success in establishing functional synap- 
ses between septal and hippocampal cells in culture suggests 
that this technique offers a useful approach to studying trans- 
mission between other remote brain loci. 
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The response of retinal red photoreceptors to light consists of a 
membrane hyperpolarization resulting from the decrease of a 
light-sensitive conductance in the outer segment’. According to 
the calcium hypothesis, this conductance is blocked by a rise in 
intracellular free Ca triggered by light”, a notion supported by 
the findings that an induced rise in internal Ca leads to blockage 
of the light-sensitive conductance*” and that light triggers a net 
Ca efflux from the outer segment via a Na-Ca exchanger, suggest- 
ing a rise in internal free Ca in the light’-"*. We have now 
measured both Ca influx and efflux through the outer segment 
plasma membrane and find that, contrary to the calcium hypothesis, 
light seems to decrease rather than increase the free Ca concentra- 
tion in the rod outer segment. This result implies that Ca does 
not mediate visual excitation but it probably has a role in light 
adaptation. 

Figure 1A shows the responses of a toad ( Bufo marinus) rod 
to flashes (traces a,c) and steps (traces bd) of light. All responses 
were saturated, but the flash in c and the light step in d were 
60-110 times brighter than the corresponding ones in a and b. 
A striking feature is that all the responses exhibited, at their 
initial plateau, a small secondary climb whose amplitude and 
time course were independent of light intensity and duration. 
This climb or ‘transient’ apparently reflected the decline of an 
electrogenic Na-dependent Ca efflux at the outer segment 
because it disappeared (Fig. 1B) when all external Na around 
the outer segment was replaced with Li, a cation incapable of 


driving the Ca efflux'*, From 28 experiments, the Na-Ca ` 


exchange current (an inward current) was determined to have 
an initial peak of 1.5+0.3 pA (mean+s.d.) followed by an 
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Fig. 1 A, Flash and step responses of a toad rod to light. Under 
infrared light a piece of retina from a dark-adapted toad was finely 
chopped in Ringer’s solution, yielding some isolated rods with 
intact outer and inner segments*°. Membrane current from one of 
these rods was recorded by sucking its outer segment into a close- 
fitting glass pipette containing Ringer’s solution and connected to 
a current/voltage converter. Normal Ringer's solution contained 
(in mM): 110 Na, 2.5 K, 1.6 Mg, 1.0Ca, 117.7Cl, 5 TMA (tetra- 
methylammonium)-~HEPES, 5 dextrose, pH 7.6. The inner segment 
was perfused also with Ringer's solution, but this contained in 
addition | mM CsCl to remove the initial hyperpolarizing transient 
in the voltage response to light*'"*. We found that in very bright 
light this transient causes a capacity current which partially 
obscured the Na-Ca exchange current at early times of the response 
plateau; hints of this capacity current can be detected in the 
experiments of B (see below) and Fig. 2, in which no CsCl was 
present. Outward membrane current across the outer segment is 
plotted upwards. Responses a and c were elicited by flashes (7.6-ms 
duration), causing ~4.8 10? and 5.4x10* photoisomerizations 
(Rh*). Responses b and d were elicited by light steps (~5s 
duration), producing ~8.1 x 10° and 4.7 x 10° Rh* s~". An effective 
collecting area of 15 zm? for the rod outer segment was assumed 
throughout with unpolarized light (see ref. 17). Each response is 
an average of three sweeps. All recordings were low-pass-filtered 
at 100 Hz, 8 pole; all light stimuli were at 500 nm and unpolarized. 
Room temperature. B, Substitution of Li for Na around a rod 
outer segment removes the Na-Ca exchange current transient at 
the light response plateau. The recording was made with the inner 
segment of the rod within the suction pipette (containing normal 
Ringer's solution) and its outer segment perfused”***. Solid trace, 
response to a saturating light step in Li. Broken trace, control 
response (to the same light) in normal Ringer's. The time course 
of solution change, as indicated by junction currents’, was ~200 ms 
and is shown above the sweeps. The valve controlling the solution 
changes was operated pneumatically and with electronic timing so 
that the solution change could be reproduced exactly several times. 
The solid trace was obtained from the total recorded current 
(physiologically current plus junction current) measured in a 
dark/light-step sequence minus the junction current measured in 
a repeated run in continuous light. Each trace is the mean of three 
sweeps. The Li solution is identical to normal Ringer’s in composi- 
tion except for equimolar substitution of Li for Na. The saturating 
light step produced ~2.6x10* Rh*s7'. The initial increase in 
inward dark current upon introduction of Li is due to the greater 
permeability for Li (as compared to Na) of the light-sensitive 
conductance*”, C, Upper, difference between control and Li 
responses. Broken curve, exponential decline with a time constant 
of 0.39s; exponential extrapolation back to the time of 50% 
saturated light response gives a peak amplitude of 1.7 pA. Lower, 
semilogarithmic plot of the same trace (filtered at 25 Hz, 8 pole) 
at 60-ms intervals. The straight line drawn through the points gives 
a time constant of 0.39 s. 


approximately exponential decline (Fig. 1C) with a conr 
stant of 0.4+0.1s (mean+s.d.) to a residual level below the - 
limit of resolution (~0.1 pA) of our recording system. Intense 
flashes superposed on a just-saturating steady response failed 
to produce any incremental jumps in exchange current above 
the residual level (data not shown), suggesting that the transient 
Ca efflux at the onset of illumination was associated with the 
light-sensitive conductance shutting down rather than with light 
per se. 

As the light-sensitive conductance is believed to be permeable 
to Ca’~°, the transient Ca efflux in the light may simply reflect 
a high Ca influx in the dark, in which case if the dark Ca influx 
were stopped by removing external Ca, the extrusion would also 
quickly subside and a subsequent light response should lack the 
transient. The experiment of Fig. 2A confirmed this and indi- 
cated that the ability of light to shut down the conductance need 
not be associated with any Ca efflux. Figure 2B shows the reverse 
experiment, in which the dark current, and hence the Ca influx, 
in Ringer’s was increased by the presence of the phos- 
phodiesterase inhibitor, isobutyimethylxanthine (IBMX)’'*'*. 
As expected, the light response showed a progressively larger 
transient at its plateau (solid traces). This large transient again 
disappeared when Li replaced external Na (dashed trace), 
indicating that it represented heightened Na-dependent Ca 
efflux. The S-shaped instead of purely exponential decline 
exhibited by the larger transients suggested that as the internal 
free Ca concentration increased substantially, the rate of Ca 
extrusion gradually approached saturation. The maximal 
exchange current observed in Ringer’s with large Ca loads was 
~30 pA. 

Figure 3 shows an experiment to estimate the dark Ca influx 
in normal conditions, in which we trapped the dark Ca influx 
within the outer segment by removing external sodium and 
estimated the influx from the subsequently reactivated efflux'* 
(see Fig. 3 legend). We estimated that ~ 10-15% (5 experiments) 
of the total normal dark current is carried by Ca, or 2.0-3.0 pA 
for a dark current of 20 pA. At steady state such an influx would 
be extruded completely via the Na-Ca exchanger, which, by 
virtue of its 3:1 stoichiometry'*, would produce an inward 
exchange current of 1.0-1.5 pA, a value in rather good agreement 
with the peak of the transient (~1.5 pA) at the response plateau 
described earlier. An interesting corollary is that the influx of 
Na via the exchanger in the dark should be ~4.5 pA (=3 x 
1.5 pA), which is as much as 25% of the Na influx through the 
light-sensitive conductance. For a given state of the light-sensi- 
tive conductance, we found that the Ca influx remained roughly 
the same whether the Na in Ringer's was replaced by a permeant 
(Li or guanidinium) or an impermeant (choline) cation. Thus, 
at least at physiological concentrations, the inward movement 
of Ca through the conductance seems to be largely independent 
of the other external cations. 

A simple picture that emerges is that in the dark Ca steadily 
enters the rod outer segment at a rather high rate (~ 10’ ions s™'), 
to be balanced by an equal efflux via the Na-Ca exchanger. 
Bright light completely shuts down the influx; the efflux con- 
tinues and perhaps increases because of the hyperpolarization 
and the exchange’s electrogenicity, but very rapidly declines 
when the internal free Ca concentration falls. The approximately 
exponential decline of the exchange current supports the idea 
that the Ca extrusion rate is more or less linearly related to 
internal free Ca concentration and that the free Ca extruded is 
not readily replenished by release of bound Ca. This apparent 
lack of rapid equilibrium between free and bound Ca means 
that any Ca influx trapped in the outer segment should remain 
free and accelerate the exchange, as observed (Fig. 3). 

One can predict the net Ca efflux induced by a single photo- 
isomerization (Rh*). A photon inhibits the dark current by 
~1pA and with an integration time of ~I s”, giving a total 
blockage of charge of ~1 pC; as 10-15% of this charge is thought 
to be carried by Ca ions, the photon effectively blocks the entry, 
or causes a net ‘efflux’, of 3 x 10° Ca ions. Perhaps more accur- 
ately, as a photon completely suppresses the dark current for 
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Fig. 2 A, Brief exposure of a rod outer segment to a solution 
containing no Ca removes the transient Na~Ca exchange current 
at the response plateau. The rod inner segment was within the 
pipette and the outer segment was perfused. Solid trace (single 
trial), the inward dark current rapidly increased to >250 pA on 
removing the external Ca around the outer segment and the sub- 
sequent response to a bright light step lacked the exchange current 
transient. The Na load due to the large dark current before illumina- 
tion was estimated to be ~247 pC; at most this would increase the 
internal Na concentration by <3mM. The 0-Ca solution was 
identical to normal Ringer’s in composition except that Ca was 
omitted and 0.2mM TMA-EGTA was added. Broken trace 
(average of 2 trials), the control response in normal Ringer's. The 
light step produced ~1.6x10*Rh*s~! in Ringers and 4.5 x 
10° Rh* s™* in the 0-Ca solution. B, Brief exposure of rod outer 
segment to Ringer’s containing 100 um IBMX produces a larger 
dark current and a much larger transient exchange current than 
the control on illumination (different cell from A). Solid traces 
(single trial for each), experiment in normal Ringer’s with IBMX, 
that is, Na-Ringer’s > Na-Ringer’s + IBMX. Broken trace (single 
trial), subsequent experiment on the same cell in Li-Ringer’s with 
100 uM IMBX, that is, Na-Ringer’s > Li-Ringer’s+ IBMX. Inset, 
exchange current transients shifted for alignment and superposed. 
In the light monitor trace (bottom), a-e indicate turning on, while 
a'-e' indicate turning off, of respective light steps. The light pro- 
duced ~6.1 x 10* Rh* s~! in each case. 


~1s over 3% of the outer segment length'®, the resulting net 
Ca efflux would be 3% of the area under the exchange current 
in Fig. 1C, integrated over 1 s; this gives ~10° Ca ions per Rh*. 
In either case, the predicted efflux is more than enough to 
account for measurements made by others from toad retina 
using external Ca-sensitive electrodes (~ 1-2 x 10* Ca ions per 
Rh*)'!!?. With brighter flashes the total net Ca efflux should 
initially increase linearly with light level but at progressively 
higher intensities should rise more slowly, as the internal free 
Ca becomes depleted and the Ca extrusion declines. During the 
recovery of the dark current after a flash, the Ca movement 
should transiently be a net influx, because internal free Ca has 








Fig. 3 Estimate of dark Ca influx obtained by trapping the Ca in 
the rod outer segment with a 0-Na, 110 mM Li solution, followed 
by reactivated extrusion in Na-Ringer’s. The rod inner segment 
was in the pipette and the outer segment perfused. Except for 
equimolar substitution of Li for Na, the Li solution was otherwise 
identical to normal Ringer’s. Two separate trapping measurements 
were made on the same cell, and this was controlled by light which 
shut off the light-sensitive conductance. The longer trapping period 
(trace B) led to a larger exchange current on readmission of 
external Na. The difference in total charge influx, AQ,,,4, between 
the two trapping periods (that is, the area between traces A and 
B during the time in the Li solution) was measured as 19.0 pC. 
The difference in subsequent charge transfer via the Na~Ca 
exchanger, AQ,,.., (that is, the area between traces A and B on 
readmission of Na) was 0,89 pC. The incremental Ca load, AQc,, 
is given by AQ.,., X[2/(n-2)], where n is the stoichiometry of 
the exchange, previously measured to be 3 (ref. 14). The fractional 
Ca influx in the Li-Ringer’s, fca is then given by f= 
AQca/AQioaa = 0.094. As the inward dark current is predominantly 
carried by Li ions, and since Li is 1.0-1.4 times as permeable as 
Nat”, the fractional Ca influx in normal Ringer’s, fca, would be 
0.09-0.13. (The higher end of this estimated range is probably more 
accurate because the previous estimates for the apparent Li/Na 
selectivity ratio®*® were not corrected for any exchange current 
component in the total dark current in Na-Ringer’s; this would 
lead to a slight underestimate of the Li/ Na ratio.) From six experi- 
ments, fca was measured to be 0.09-0.15. In the light monitor trace 
(top) A and B indicate turning on, and A’ and B' indicate turning 
off, of respective light steps. Steady light in this experiment pro- 
duced 2.6 x 10* Rh* s~'. The incremental Ca loading method used 
here eliminates any error caused by the finite substitution period 
of Li for Na in the dark (during which some Ca entering the outer 
segment would still be extruded), and also any error in estimating 
the regular efflux in the light without any Ca load (which would 
have to be subtracted from the total efflux if either trace A or B 
alone were used for the above computations). 


to be replenished by the resumed Ca influx before extrusion 
can be restored to dark level. Such an expected transient reversal 
in net Ca movement has indeed been observed’’. In continuous 
bright light the net Ca efflux should, as demonstrated earlier, 
decline very rapidly from a peak of ~10’ Ca ions s™' to a basal 
level of either zero or at any rate <6 x 10° Ca ions s™', as calcu- 
lated from the upper limit of a 0.1 pA residual exchange current 
mentioned above. Extrusion may persist for an extended period 


of time if bound Ca starts to become unbound when internal 


free Ca reaches a critically low level. Assuming that the exchange 
current does decline exponentially to zero in bright light, the 
very minimal total Ca efflux would be ~4x10°Ca ions; this 
should remove most of the free Ca within the outer segment if 
the free concentration in the dark is a few micromolar’. The 
maximal initial Ca efflux rate we found, ~10’ Ca ions s™', is 
comparable to that reported by Schröder and Fain'*"> but while 
they apparently observed a high extrusion rate maintained 








ith time, we observed an immediate rapid decline in the 
rate in continuous light. The reason for this discrepancy is 
unknown. 
© Our results do not support the long-held calcium hypothesis 
‘that the free Ca concentration in the rod outer segment rises on 
< illumination. On the contrary, as the Ca efflux declines immedi- 
ately after onset of illumination, the free Ca level should 
decrease in the outer segment. This assumes, of course, that 
light itself does not inhibit the Na-Ca exchanger, which seems 
valid because we found that the rate of extrusion of any Ca 
trapped in the outer segment was the same in the light as in the 
dark (data not shown). 

Although internal Ca clearly inhibits the light-sensitive con- 
ductance®~®, we and others have found recently that this does 
not appear to be caused by Ca binding directly to and blocking 
the conductance”''*. Therefore it seems that Ca does not mediate 
phototransduction at the beginning, nor at the end, of the 
reaction cascade, leaving cyclic GMP as the most likely candi- 
date”, The question remains of what role, if any, Ca has in 


Received 8 October; accepted 19 December 1984. 


1. Toyada, J.-L, Nosaki, H. & Tomita, T. Vision Res. 9, 453-463 (1969). 

2. Hagins, W. A, A. Rev. Biophys. Bioengng 1, 131-158 (1972). 

3. Hagins, W. A. & Yoshikami, $. Expl Eye Res. 18, 299-305 (1974). 

4. Brown, J. E., Coles, J. A. & Pinto, L. H, J. Physiol, Lond. 269, 707-722 (1977). 

5. Bastian, B. L. & Fain, G. L. J. Physiol, Lond. 330, 331-347 (1982). 

6. MacLeish, P. R., Schwartz, E. A. & Tachibana, M. J. Physiol, Lond. 348, 645-664 (1984). 

7. Hodgkin, A. L., McNaughton, P. A., Nunn, B. J, & Yau, K.-W. J. Physiol, Lond. 350, 
649-680 (1984). 

8. Yau, K.-W, & Nakatani, K. Nature 309, 352-354 (1984). 

9. Hodkin, A. L., McNaughton, P. A. & Nunn, B. J. J. Physiol, Lond. (in the press). 

10. Yoshikami, S., George, J. S. & Hagins, W. A. Nature 286, 395-398 (1980). 

1i. Gold, G. H. & Korenbrot, J. I. Proc. natn. Acad. Sci. U.S.A. T1, 5557-5561 (1980). 

12. Schröder, W. H. & Fain, G. L. Nature 309, 268-270 (1984). 

13. Schröder, W. H, & Fain, G. L. Biophys. J. 45, 341a (1984). 

14. Yau, K.-W, & Nakatani, K. Nature 311, 661-663 (1984), 

15. Lipton, S, A., Rasmussen, H. & Dowling, J. E. J. gen. Physiol. 70, 771-791 (1977). 

16, Capovilla, M., Cervetto, L. & Torre, V. Proc. natn, Acad. Sci. U.S.A. 79, 6698-6702 (1982). 





in the rod outer ‘segment tends to suppress the level of aaie 
GMP, perhaps by modulating guanylate cyclase” or 


phosphodiesterase”. If cyclic GMP maintains the open state of 
the conductance, then a rise in Ca should tend to shut it down, 
as has been observed’. On the other hand, a reduction of free 
Ca in the light should oppose the light-activated decline in the 
level of cyclic GMP; this negative feedback would therefore 
constitute a form of light adaptation. Indeed, such a possibility 
has been raised previously by others”? 
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It is generally accepted that the light response in retinal rods 
involves a reduction of ionic permeability (predominantly to Na*) 
in the plasma membrane of the outer segment and that this is 
mediated by an internal messenger which diffuses between the disk 
and plasma membranes. There is controversy, however, over the 
identity of the diffusible substance; two alternative schemes have 
received widespread support (for review see refs 1, 2). According 
to the ‘calcium hypothesis”, light stimulates the release into the 
cytoplasm of calcium, leading to the blockage of channels which 
are normally open in darkness, whereas based on the ‘cyclic 
nucleotide hypothesis’**°, cyclic GMP causes the opening of chan- 
nels in the dark, but is hydrolysed by a light-activated phos- 
phodiesterase. We report here effects of introducing calcium 
buffers and cyclic GMP into the rod cytoplasm by means of a 
. patch pipette’, which seem to be inconsistent with the calcium 
hypothesis. 

The suction pipette method®? was used to record the photo- 
current from the outer segment (or sometimes the inner segment) 
of a single rod isolated, without the use of enzymes, from the 
retina of the larval salamander Ambystoma tigrinum. In this way 
it was possible to select only those rods which functioned 
normally and gave large responses to light (suction pipette 
current 235 pA). A patch pipette, containing artificial intracel- 
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lular solution'® together with any substance to be introduced, 
was sealed against the part of the rod protruding from the suction 
pipette (usually the inner segment) and was used to obtain a 
whole-cell recording’ by rupturing the membrane patch. 

Figure 1 shows the suction pipette current recorded from a 
rod outer segment (ROS) on rupturing the membrane in this 
way with a patch pipette on the inner segment containing no 
added calcium and 10mM of the calcium chelator 1,2-bis(o- 
aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid (BAPTA; 
see ref. 11 and Fig. 1 legend). Figure la shows a continuous 
record while b shows superimposed responses to bright flashes 
on a faster time scale. The arrow in Fig. la indicates the time 
at which the whole-cell recording was obtained; beginning at 
this time the contents of the pipette and of the cytoplasm 
presumably began exchanging through the ruptured patch. Soon 
after this the mean ‘dark current’ began increasing and the 
responses to bright flashes remained saturated for progressively 
longer (see Fig. 1b), exhibiting an overshoot and damped oscilla- 
tion, both of which became progressively more pronounced. 
Despite the presumed diffusion of the buffer into the outer 
segment, the bright flashes continued to suppress completely 
the inward dark current. In other experiments (not shown) the 
dark current was suppressed by continuous bright illumination 
for at least 15 min (the duration of the recording), but when 
the light was turned off the current re-appeared with a time 
course similar to the recovery following flashes in Fig. |, and 
bright light could again rapidly suppress it. As shown in Fig. 
1b, the initial rate of rise of the bright flash response remained 
unchanged for at least 2 min after introduction of the buffer; 
similar effects have been observed in 27 successful whole-cell 
experiments using 2 or 10mM BAPTA or 4mM EGTA with 
free Ca? in the pipette buffered to < 107° M. In control experi- 
ments using only trace amounts (20 pM) of BAPTA or EGTA, 
the suction pipette photocurrent showed little change on ruptur- 
ing the patch, although a gradual reduction in amplitude and 
slowing of the response was usually observed over a period of 
10-20 min. 
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Fig. 1 Suction pipette current recorded from the outer segment of a rod during incorporation of calcium chelator into the cytoplasm, by 
means of a patch pipette. a, Continuous record, with arrow at time zero indicating rupture of the patch and initiation of the whole-cell 
recording. b, Superimposed responses to bright flashes from a; inset, rising phases of first nine responses. The patch pipette solution contained 
(in. mM): 92 K-aspartate, 7 NaCl, | NaHCO,, 7.4 MgCl, 10 taurine, 1 Na,-ATP, | Na,-GTP and 10.4 BAPTA (BDH), buffered to pH 7.4 
with KOH. The dissociation constants of BAPTA for Ca?* and Mg** are 1.1 X 107” M and 17 mM, respectively; the dissociation time constant ` 
for Ca?* is <16 ms, and it is virtually unaffected by pH (see ref. 11); free concentrations of BAPTA, Mg?* and Ca?* were 8 mM, 5mM and 
~107° M, respectively. The external bathing solution was normal Ringer’s’. The patch-pipette voltage was clamped to -33 mV immediately 
after sealing against the cell, using a List EPC-7 patch-clamp amplifier. Patch pipette resistance was 3.2 MQ: seal resistance > 1 GQ; whole-cell 
access resistance initially 15 MQ, falling to 8 MO. at 70 s; access time constant 200 us, giving cell capacitance 25 pF. The whole-cell current 
(not shown) was ~ 60% greater than the suction pipette current, as the suction pipette did not record the entire ROS current. Light stimuli 
(upper trace) delivered 207 photons m~? at 500 nm; 23.5°C. The prominent overshoot and damped oscillation may have resulted from a 
light-induced reduction in the free calcium level (see text). 
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Fig. 2 Continuous record showing the decay of the ‘dark current’ 
on rupturing the membrane with a patch pipette containing 
106 mM Na* (at time 0), and recovery after successful withdrawal 
of the patch pipette (at 305 s). Na-aspartate (92 mM) replaced the 
usual 92 mM K-aspartate; 20 4M BAPTA. Some drift occurred, 
particularly during the attempt to pull the pipette off (close to 
200 s). The trace has been interrupted at the asterisks, which mark 
the times when the cell was repositioned in the suction pipette and 
the current trace was repositioned also. Clamp voltage —33 mV; 
whole-cell access resistance initially ~ 15 MQ, later (after 50s) 
~ 40 MQ. Flashes delivered 207 photons ym? at 500 nm; 23.8 °C. 


Figure 2 shows that the pipette contents exchanged with the 
cytoplasmic contents; here a patch pipette containing a high 
concentration (106 mM) of Na* was used, and the first arrow 
indicates the time of patch rupture. The dark current then began 
declining with a time constant of ~ 50s as might be expected 
for an increased internal sodium concentration, and the saturat- 
ing responses increased in duration. After ~ 200s an attempt 
was made to pull the patch pipette away from the cell, and this 
was successfully accomplished at 305 s (second arrow). At this 
point the cell immediately began recovering, presumably as it 








pumped the Na” out again. This recovery indicates that the 
decay of dark current was due not to damage but rather to. 
diffusion of sodium into the cell. A similar time constant of 
decline of the dark current (45-65 s) was observed in four cells, 
and in two of these the pipette was pulled off without damaging 
the cell, which showed substantial recovery. In two other cells: 
an intermediate concentration of Na* (56 mM) was used, yield- 
ing a somewhat slower approach to a final dark current roughly 
30% of its initial value; in both cases there was substantial 
recovery. 

The following represent additional evidence that the sub- 
stances introduced reach the outer segment: (1) pipettes con- 
taining BAPTA or cyclic GMP (see below) have a major effect 
on the ROS photocurrent; (2) using similar methods, A. 
Zimmerman and D. A. Baylor (unpublished) observed equilibra- 
tion of the fluorescent. dye carboxyfluorescein throughout the 
entire rod in about 2 min; (3) a few experiments in which the 
inner segment was drawn into the suction pipette and the patch 
pipette was attached to the outer segment gave similar results, 
although it seemed much more difficult to rupture the patch 
successfully. 

Hagins and Yoshikami’? reported that incorporation of small 
quantities of calcium buffers into rods by a vesicle fusion tech- 
nique led to ‘buffering’ of the response to light, that is, a brighter 
flash was required to elicit a given fractional response amplitude. 
We tested the flash sensitivity in the presence of BAPTA and 
observed the opposite result—the buffer increased the sensitivity 
to flashes. The lowest trace in Fig. 3a was obtained before 
rupturing the membrane patch, whereas the upper three traces 
were obtained with the same dim flashes at the indicated times 
after obtaining the whole-cell recording. Incorporation of 
10 mM buffer increased greatly the amplitude of the responses 
to dim flashes, slowed their time course, and produced an 
overshoot in the recovery phase similar to that observed with 
bright flashes. Similar increases in flash sensitivity were obtained 
for seven whole-cell recordings with 2 or 10 mM BAPTA in the 
Pipette. Figure 3b confirms that with only a trace amount 
(20 pM) of BAPTA in the whole-cell pipette, very little change 
in sensitivity occurred, over a period of at least 8 min. 








Our interpretation of these results is that the calcium buffer 


eaches the ROS, and that despite this the saturating response 
to light remains, with an unchanged rate of rise, and the flash 
sensitivity increases dramatically. These observations seem to 
‘be contrary to the calcium hypothesis of transduction in rods, 
but one major qualification is that we have no evidence that the 
free calcium concentration in the outer segment is even approxi- 
- mately equal to that in the patch pipette. We expect that the 

_ cell probably possesses powerful mechanisms for adjusting the 
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Fig. 3 Flash sensitivity in the presence of BAPTA and in control 
conditions. a, Patch pipette solution and experimental method as 
in Fig. 1 (10.4mM BAPTA, no added Ca?*). The lowest trace is 
the average of 39 responses obtained before rupturing the patch 
(dark current ~40 pA), and the upper traces represent 3-5 
responses obtained at the indicated times after rupture (mean dark 
current ~50 pA); 23.6°C. The response amplitude was roughly 
linear with flash intensity, and the superlinearity found with 
reduced external calcium'®**5 was not observed. The increased 
flash sensitivity in the presence of BAPTA probably accounts for 
the observation in Fig. 1 of an increased duration of bright flash 
responses, b, Control with only 20 pM BAPTA (to bind stray Ca?*) 
and 5 mM MgCl,, but otherwise as in Fig. 1. Lower trace, 57 flashes 
before rupture; upper trace, 42 flashes after rupture of the patch; 
mean dark current 46 and 38 pA respectively; 23.7 °C. In a and b 
dim flashes delivered 2.3 and 1.2 photons ym~’, respectively, at 
500 nm; clamp voltage —33 mV. 
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g dark concentration of free calcium may 
have been near normal. The fact that the presence of exogenous 
calcium buffer had a pronounced effect on the ROS photocurrent 
(for example, the overshoot) indicates that the buffer was operat- 
ing within its buffering range, that is, it was neither fully bound 
nor fully unbound. Thus, the continued suppression of the dark 
current by bright flashes, together with the increased flash sensi- 
tivity, still seem to be inconsistent with the calcium hypothesis. 
We are not suggesting that elevated internal calcium levels in 
the intact cell are unable to lead to closure of sodium channels, 
but rather that the-normal light response does not appear to 
operate in this way. Indeed, if calcium leaks into the cytoplasm 
through the light-sensitive channels in the dark’*™ and is 
removed by Na*/Ca** exchange'*'*"*, cytoplasmic calcium 
levels might actually drop in the light; this could explain the 
pronounced overshoot observed with responses to bright flashes 
(Fig. 1). Evidence in support of such a reduction of calcium in 
the light has been reported recently”. 

Figure 4 shows a result obtained with 2mM _ cyclic GMP in 
the patch pipette. Shortly after rupturing the patch (second 
arrow) the dark current began increasing dramatically, but bright 
flashes continued to suppress the elevated current. Over a period 
of a few minutes the rising phases of the responses (Fig. 4b) 
slowed somewhat, and the responses remained saturated for a 
very long time. Similar results have been obtained recently using 
the same method'*, and in previous experiments on injection 
of cyclic GMP!*?' or perfusion with phosphodiesterase 
inhibitors”. Although cyclic GMP incorporated in the dark 
elicited very large currents, we found that in the presence of a 
moderate steady background light, cyclic GMP had virtually no. 
effect (not shown). While the rapid increase in dark current is 
qualitatively what would be expected if cyclic GMP were the 
internal messenger, the substantial increase in the time for which 
the light-sensitive channels remain closed following a bright 
flash is not what would be expected based on the simplest model 
of light-activated hydrolysis of cyclic GMP. 

A preliminary report of some of this work has appeared 
elsewhere”*. The work was supported by grants from the MRC, 
by a Royal Society Locke Research Fellowship, and by an 
EMBO Fellowship. We thank Dr T. J. Rink for helpful comments 
on the manuscript and acknowledge the 1983 Cold Spring 
Harbor course, where the patch technique was learnt. 
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Fig. 4 Rod outer segment suction pipette current recorded with 2 mM cyclic GMP in the patch pipette. a, Pipette sealed at first arrow, and 

patch ruptured at second arrow. Bright flashes (shown at the top) were stopped at this point. After a delay the dark current increased 

dramatically, and occasional light flashes were delivered. For the flashes labelled 2, 3, 5 and 6 the current did not fall immediately to zero, 

possibly because of a light-insensitive Na*/Ca** exchange current’ induced by the presumed influx of Ca**. @, Rod was repositioned slightly 

in the suction pipette. b, Superimposed bright flash responses from a. The patch pipette solution contained 2mM cyclic GMP, but was 
otherwise as in Fig. 2b, except for the absence of ATP and GTP. Light flashes delivered 108 photons pm?” at 500 nm. 





eceived 17 October: accepted 14 December 1984. 





1. Miller, W. H. Curr. Topics Membranes Transport 18 (1981). 
2. Kortenbrot, J. I. Progress in Retinal Research Vol. 4 (Pergamon, Oxford, in the press). 
3. Hagins, W. A. A. Rev. Biophys. Bioengng 1, 131-158 (1972). 
4. Yoshikami, S. & Hagins, W. A. in Biochemistry and Physiology of Visual Pigments (ed. 
Langer, H.) 245-255 (Springer, Berlin, 1973). 
$. Hubbel, W. L. & Bownds, M, D. A. Rev. Neurosci. 2, 17-34 (1979), 
6. Woodruff, M. L. & Bownds, M. D. J. gen. Physiol, 73, 629-653 (1979). 
7. Hamill, O. P., Marty, A., Neher, E., Sakmann, B. & Sigworth, F. J. Eur. J. Physiol. 391, 
85-100 (1981). 
8. Yau, K.-W., Lamb, T. D. & Baylor, D. A. Nature 269, 78-80 (1977), 
9. Baylor, D. A., Lamb, T. D. & Yau, K.-W. J. Physiol, Lond. 288, 589-611 (1979). 
10, Robinson, P. R., MacLeish, P. R. & Lisman, J. Sac, Neurosci. Abstr. 9, 165 (1983). 
11. Tsien, R. Y. Biochemistry 19, 2396-2404 (1980). 
12. Hagins, W. A. & Yoshikami, S. in Vertebrate Photoreception (eds Barlow, H. B. & Fatt, P.) 
97-139 (Academic, London, 1977). 
13. Yau, K.-W. & Nakatani, K. Nature 309, 352-354 (1984). ; 
14, Hodgkin, A. L., McNaughton, P. A., Nunn, B. J. & Yau, K.-W. J. Physiol, Lond. 350, 
649-680 (1984). 
15. Yau, K..W. & Nakatani, K. Nature 311, 661-663 (1984). 
16. Bastian, B. & Fain, G. L. J Physiol, Lond. 330, 307-329 (1982). 
17. Yau, K.-W. & Nakatani, K. Nature 313, 579-582 {1985}. 
18. Cobbs, W. H. & Pugh, E. N. Jr Nature 313, 585-587 (1985). 
19. Miller, W. H. J. gen. Physiol. 80, 103-123 (1982). 
20. Kawamura, S. & Murakami, M. Jap. J. Physiol 33, 789-800 (1983). 
21. MacLeish, P. R., Schwartz, E. A. & Tachibana, M. J. Physiol, Lond. 348, 645-664 (1984). 
22. Capovilla, M., Cervetto, L. & Torre, V. J. Physiol, Lond. 343, 277-294 (1983). 
23. Lamb, T. D., Matthews, H. R. & Torre, V. J. Physiol, Lond. 360 (in the press). 
24. Yau, K. W., McNaughton, P. A. & Hodgkin, A. L. Nature 292, 502-505 (1981). 
25. Owen, W. G. & Torre, V. Biophys. J. 41, 305-324 (1983). 
26. Gold, G. H. & Korenbrot, J. I. Curr. Topics Membranes Transport 18, 307-330 (1981). 





Cyclic GMP can increase rod 
outer-segment light-sensitive current 
10-fold without delay of excitation 
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To test the hypothesis that cyclic GMP is the internal messenger 
coupling rhodopsin activation to membrane excitation in vertebrate 
rod photoreceptors, we used a novel technique combining measure- 
ment of membrane currents of isolated salamander rods with a 
suction electrode and the introduction of cyclic GMP through a 
whole-cell recording patch pipette. Rupture of an attached patch 
was followed by a rapid (~10 s), approximately 10-fold increase 
in outer-segment membrane current, all of which was light-sensi- 
tive. There was little change in the rising phase of the response to 
a saturating flash, but the duration of the saturated phase of the 
response increased ~10-fold. The effects reversed completely 
within 3~4 min after withdrawal of the cyclic GMP-containing 
patch pipette. A formal kinetic analysis shows that the first two 
observations are inconsistent with the postulate that cyclic GMP 
opens the light-sensitive conductance by simple binding to chan- 
nels, unless free cyclic GMP in the outer segment is assumed to 
be much lower than published estimates, and most of the outer- 
segment cyclic GMP is bound and inexchangeable on the timescale 
of 200 ms. Furthermore, our results suggest that rod cyclic GMP 
is not involved solely in keeping the light-sensitive conductance 
open, but may also affect the activity of the phosphodiesterase 
that mediates cyclic GMP hydrolysis. 

Isolated rods from larval tiger salamander retina were secured 
in a recording suction electrode’, and a gigaseal patch micro- 
pipette containing cyclic GMP was positioned against the 
exposed inner-segment membrane (see Fig. 1B). Recordings 
were made of both the suction- and patch-electrode currents 
(whole-cell voltage-clamp mode). Figure 1A shows the outer- 
segment membrane current recorded with a suction electrode in 
these conditions. Initially, at time point labelled (1) in Fig. 1A, 
a saturating flash of 1,000 rhodopsin isomerizations produced 
a brief 52-pA photocurrent, which decayed to the resting value 
in less than 10s. When the patch was ruptured (at WC in Fig. 
1A), the outer-segment membrane current began increasing 
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Fig. 1 Effect of exogenous cyclic GMP on salamander rod dark- 
and photocurrents. A, Membrane current of salamander rod outer 
segment recorded at 30 Hz bandwidth with a suction electrode in 
the configuration shown in B. At ‘AP’ a ~2 GQ attached ‘patch’ 
was formed on the inner segment with a 20-MQ Kovar sealing: 
glass electrode. At ‘WC’ the patch was ruptured with negative 
pressure and the dark current underwent a rapid, large increase. 
At ‘W’ the patching electrode was successfully detached. Arrows 
below the trace show the times of 20-ms flashes: a indicates a fash 
large enough to cause 1,000 isomerizations, b 100 and c 10: 1-4. 
indicate responses shown enlarged in C. B, Line drawing traced. 
from a videotape record of this experiment, to show the position. 
of the patch electrode and of the cell in the suction electrode. Rod < 
outer segment (OS) diameter, 12 pm. IS, inner segment. C, ‘The 
rising portions of the photocurrents labelled 1-4 in A, normalized 
to maximum amplitude. The leftmost curve shows the. step 
response of the complete recording system (amplifier, multipole 
filter, FM tape recorder, computer A/D) to a current step initiated 
at the same point as the stimulus flash. 
Methods. The patch electrode contained 100 mM K-acetate, 2mM 
MgCl,, 10mM HEPES, 5mM NaCl, 504M EGTA and 5mM ` 
cyclic GMP, adjusted to pH 7.5 with KOH. The cell was bathed 
in Ringer’s solution containing 110 mM NaCl, 2.5 mM KCl, i mM 
CaCl,, 1 mM NaH;PQ,, saturated with 100% oxygen at 23 °C. All 
experiments were monitored and videotaped with an infrared (A > 
820 nm) television system. 











rapidly, becoming eight-fold greater within 10s. A light flas 


of the same intensity (at (2) in Fig. 1a) then caused a 400-pA_ 
photocurrent. This saturated response reached the same level 





as the response before rupture of the patch, indicating that th 
entire increase in outer-segment membrane (dark) current wa: 
light sensitive. The duration of the saturated phase of the photo- 
current responses to flashes also increased ~10-fold. After with: 
drawal of the cyclic GMP-containing pipette (at W in Fig. 1A 
the membrane current gradually diminished to baseline leve 
and photocurrent responses returned to normal over a perio 
of 3-4min, demonstrating that the effects of exposure t 
exogenous cyclic GMP are reversible. Normalizing the photo. 





currents by maximum amplitude emphasizes that the rising 
phase 10s after rupture hardly differs from that observed before. 


rupture, despite an eight-fold increase in current magnitude 


(Fig. 1C). Control experiments using 10-ps flashes of up to 10’ 
isomerizations showed that rods can generate photocurrents that 


match the recording system step response (Fig. 1C, leftmost 
curve), so the lack of change in photocurrent rising phase i 
due neither to instrumental limitation nor to cell cable properties. 

We have observed similar effects of cyclic GMP in 15 other 





cells. The most striking effect of cyclic GMP in all cases was a’ 
large, rapid increase in dark- and photocurrents, as expected” 
from previous microelectrode studies™®. The current often 
increased beyond the range of the recording system (~600 pA. 
from baseline). When the patch pipette contained no cyclic. 


GMP, cells maintained normal dark- and photocurrents for u 
to 30 min. 











of four different rods before and after rupture 
of the membrane patch, with theoretical predic- 
tions for the delay in rising phase in the pres- 
ence of exogenous cyclic GMP. A-C, Thin cur- 
ves show photocurrents recorded before and 
after patch rupture and the thick lines the theo- 
retical predictions for the response in the pres- 
ence of exogenous cyclic GMP in normalized 
amplitude coordinates, to facilitate the evalu- 
ation of the fit to the pre-cyclic GMP photocur- 
rent. A, One of two rods in which cyclic GMP 
was introduced directly into the outer segment. C 
The baseline photocurrent recorded by the suc- 
tion electrode was 20 pA; 16s after patch rup- 
ture the photocurrent (“cGMP”) recorded with 
the voltage-clamp electrode was 400 pA. B, The 
baseline photocurrent was 60 pA; at t =6 s after 
patch rupture, the photocurrent (‘cGMP’) 
measured 320 pA. C, The baseline response was 
52 pA; at 10s after patch rupture, the photocur- 
rent was 400 pA (data from Fig. 1C). D, The 
responses (thin curves) to flashes | and 2 of the 
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cell shown in Fig. | plotted using an absolute 
scale (left-hand ordinate) for outer-segment 
(OS) membrane current. The thick line drawn 


rts 
—-100 0 


S= aomp, So = 40 pM", 
with the inverse of equation (2): Y(t) = 


V, 


are 1,100, 1,700 and 1,600 uM s~ 


Two of the 16 cells examined here were penetrated success- 
fully through the outer segment, the inner segment being held 
in the suction electrode. This provided an opportunity to assess 
the performance of our voltage- and space-clamp for large 
outer-segment membrane currents, because the inner segment 
. contains only voltage-dependent, not light-dependent, conduct- 
ances. In both cases, the inner-segment photocurrent measured 
< with the suction electrode was less than 5% of that measured 
with the voltage-clamp electrode. On symmetrical grounds, we 
¿assume that cells penetrated through the inner segment were 
reasonably well voltage- and space-clamped despite large cyclic 
-GMP-induced membrane currents. 

Figure 2A, B (thin curves) show the rising phases of the 
photocurrents before and after patch rupture for two more cells, 
highlighting the fact that cyclic GMP can increase greatly the 
outer-segment membrane current without causing large changes 
in photocurrent rising phase. 

We were surprised that cyclic GMP can cause large increases 
in outer-segment light-sensitive membrane current with little or 
no retardation of the photocurrent rising phase. Previous investi- 
gations using different techniques found significant slowing of 
_ the rising phase of photovoltages after cyclic GMP injections”* 
This slowing was interpreted as the extra time required for cyclic 
GMP phosphodiesterase (PDE) to hydrolyse the injected cyclic 
“-GMP*. Therefore, we have examined the quantitative predic- 
tions of a model in which a decrease in the cytoplasmic activity 
cof cyclic GMP (a.cmp is the excitatory message to the light- 
sensitive conductance. This model postulates that (1) normally 
in the dark a balance of guanylate cyclase and low PDE activity 
maintains @.gyp at a constant level; (2) light causes a.gup to 
“fall by increasing PDE activity, with a time course independent 
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through the upper (pre-cyclic GMP) response was calculated by integrating the Michaelis rate expression, dS/dt=— V,,,,5/(S X km), in which 
km = 80 2M”, and V,,,, was adjusted for optimal visual fit; S(r) was then converted to normalized photocurrent Y, 
S(t)/S(t1)+ Kp), with Kp = 730 pM. In this fitting procedure we approximated the multi-order delay 
of the very early rising phase with a pure delay that appears in the theoretical (thick) curves as absolute dead time after the flash before the 
curve begins to ascend. The value of Kp = 730 uM is required by the assumptions that (@.gup)res, the baseline free cyclic GMP in a cell with 
a normal 50-pA response, is 40 .M'°, and that maximal opening of the outer-segment membrane conductance results in a dark current of 
1 nA. The lower thick curve is the response predicted in the presence of exogenous cyclic GMP, computed with the same values of kn and 
‘max: Dut with the pre-flash S)=487 uM, the value required by equation (2) to account for the 400-pA dark current after patch rupture, 
immediately before the flash. The values of Vmax estimated by fitting the theoretical curves to the pre-cyclic GMP baseline responses in A-C 
', respectively. For a salamander rod outer segment with a 1.5-p! water space, a PDE velocity of 1,000 pM s` 
response to a 1,000-isomerization flash corresponds to an intrinsic enzyme activity of 10° cyclic GMP molecules hydrolysed per s ae 
isomerization. All cells showed increased duration of the saturated phase of the photocurrent after exposure to exogenous cyclic GMP. We 
took the interval from the time at which the photocurrent reached saturation until the time it recovered 10% of its pre-flash dark current as 
a measure of the saturated phase duration. For the pre-cyclic GMP and post-cyclic GMP responses in A-C, the durations (s) of the saturated 
phases were: A, pre, 1.0/post, 11.0; B, pre, 1.1/post, 5.0; C, pre, 1.0/post, 8.8. 


“lin 


of a.cmp; (3) aeamp regulates the outer-segment light-sensitive 
conductance (g,,,,), through a simple binding reaction: 


k, 
cyclic GMP + (8, ) ciosea === (cyclic GMP. Bp )open (1) 


ky 

Under reasonable assumptions’, equation (1) predicts a hyper- 
bolic relationship between a.cmp and the fraction of the con- 
ductance open at steady state. Moreover, the speed of the 
response to intense flashes? requires the fraction of channels 
open to equilibrate with any change in a.gyp in a few milli- 
seconds. Thus, on a timescale of tens of milliseconds, the follow- 
ing relation always holds: 


acme =LY/(l- Y)) Kp (2) 
where Y is the fraction of outer-segment light-sensitive conduct- 
ance open, and Ky = k_,/k,, the dissociation constant of reac- 
tion (1). We used this relation to predict photocurrent rising 
phases expected in the presence of exogenous cyclic GMP. 

Figure 2 compares predictions of this model with our observa- 
tions. The thin curves are the photocurrents before and after 
patch rupture. The upper thick curve is a fit of the model to the 
control (pre-cyclic GMP) response and the lower thick curve is 
the prediction for the post-patch rupture photocurrent. In each 
case, theory predicts that exogenous cyclic GMP should slow 
the photocurrent rising phase far more than observed. 

The simplified model neglects diffusion of cyclic GMP into 
the outer segment from the patch pipette. Several arguments 
support the assumption that the rate of cyclic GMP diffusion 
into the outer segment from the inner segment after patch rupture 
is at least two orders of magnitude slower than its apparent rate 














of destruction during the ~200-ms photocurrent rising phase. 
First, it takes at least 10 s for the dark current to reach its large 
steady-state value after patch rupture. Second, return to the 
initial baseline value after removal of the patch electrode con- 
taining cyclic GMP takes several minutes, even with repeated 
saturating flashes that should reduce the outer-segment a.gup 
to a very low value. Third, A. Zimmerman and D. A. Baylor 
(personal communication) have found, using the preparation 
and geometry shown in Fig. 1B, that it takes ~2 min for the 
outer segment to fill with the hydrophilic dye carboxyfluorescein, 
when it is introduced from the patch pipette. 

Why does the model fail to account for the rising phase data? 
Adjusting the numerical values of the parameters within limits 
set by published results”'® does not produce satisfactory 
improvement. In our experiments, however, it may be that 
deamp Š Km of PDE (P. A. Liebman, personal communication), 
which would yield approximate rising phase invariance. To 
obtain a.gup« Km, either (Amp) res: Must be lower or km higher 
than the published estimates [km =80 uM (ref. 9); acoup= 
40 uM (ref. 10)]. Setting km of PDE to 1 mM, without concomi- 
tant alteration of (@.gmp)resi, requires Vmax = 15,000 uM s™', a 
specific PDE activity more than two orders of magnitudes higher 
than any published value for light-activated cyclic GMP hydro- 
lysis by disk membranes in the presence of intracellular amounts 
of ATP and GTP. Alternatively, one can adjust (a omp)res tO 
1 uM, without changing km, but this requires that over 90% of 
the total outer-segment cyclic GMP be bound and not exchange- 
able during the response rising phase. It also requires that in 
our experiments the free cyclic GMP was elevated from 1 uM 
to ~10-15 uM 10 s after patch rupture, which is not implausible, 
given the approximate equilibration time of 2 min found by 
Zimmerman and Baylor (personal communication). The notion 
that most of the outer-segment cyclic GMP is bound, and not 
exchangeable on the timescale of the rising phase of the 
response, can explain the puzzling finding that even intense 
flashes do not cause a rapid decrease in total outer-segment 
cyclic GMP, measured in preparations quickly quenched after 
flash exposure! z 

A more drastic modification of the model assumes cooperative 
binding of cyclic GMP to the channels, rather than the non- 
cooperative binding of equation (1). This gives a steeper relation 
between a.gup and g,,, so that a small increment of a.cmp 
above its resting value would move g,, to a point nearly half-way 
up the binding curve. The PDE activity produced by the light 
flash could then hydrolyse both native and exogenous cyclic 
GMP in approximately the same time. Calculations incorporat- 
ing cooperative binding but no change in (d.gmp)res, show 
improvement in fitting our rising phase data. 

It has been proposed that cyclic GMP controls the light- 
sensitive conductance through a cyclic GMP-dependent protein 
kinase'*'*. Reconciling the large increase in dark current with 
asmall change i in photocurrent rising phase requires that protein 
kinase activity depends steeply on a.gup. Inclusion of protein 
kinase and phosphoprotein phosphatase as part of the transduc- 
tion mechanism does not, however, provide an explanation of 
our rising phase data and moreover would impose a significant 
energy cost on the cell’. Dephosphorylation of each open 
conductance must occur every millisecond to enable the rising 
phase of the photocurrent in response to an intense flash to be 
as short as 700 ys®. If the unitary current’ is 2 fA and the normal 
dark current 50 pA, then the kinase/phosphatase reactions 
would require 2.5 x10’ ATP molecules s~' to maintain the nor- 
mal dark current, close to the 10° ATP molecules s~' required 
by the Na/K exchanger to maintain the resting Na gradient for 
a 50-pA dark current. 

To summarize, the relative invariance of the rising phase of 
photocurrents before and soon after patch rupture provides a 
strong constraint for the mechanism by which cyclic controls 
the outer-segment light-sensitive conductance. The simplest 
explanation of this observation is that the free cyclic GMP in 
the outer segment is only a small fraction of the total, and that 
bound cyclic GMP does not exchange within 200 ms. The strik- 














ing prolongation of the photocurrent following exposure to 
exogenous cyclic GMP (Fig. 1A), however, cannot be explained 
within the framework of the model stated above. Rather it 
requires that the time course of PDE activity be affected by 
previous exposure to excess cyclic GMP, or by some agent such 
as calcium that enters through the light-sensitive conductance. 
This conclusion follows because prolonged dark current SUP: 
pression occurs when a.gmp can no longer be elevated. 

Other transduction theories postulate that change in deg. no 
acamp is the excitatory message for phototransduction'”"*. Th 
large increase in dark current caused by exogenous. cyclic G 
could be explained by an increase in cyclic GMP-depend 
calcium pumping’ ° which would lower aca in the rod cytoplasm 
Little change in photocurrent rising phase should occur after 
exposure to exogenous cyclic GMP, if the same amount of 
calcium were released per isomerization and the number of 
calcium ions released greatly exceeded the number of conduct- 
ance sites. 

The recent results of Fesenko et al.”’, brought to our attention 
during review of the present paper, provide important con: 
straints on the form of the binding relation. In view of their 
data, equation (1) would have to be modified to i 








k; 4 
n cyclic GMP+ (hr )etosed = fin (cyclic GMP). gn, lopen (1’) 

kay : i 
and equation (2) would then become 


asome =[Y/(1- Y)]". Kp 2) 


where Kp =(k_,/k,)'’" is the value of a.gyp at which g,, is 
half-open, and n=2. Refitting our data on the photocurrent. 
rising phase with these modified equations, we found a notable. 
improvement over the non-cooperative binding model when all 
other parameters were unchanged. However, to keep (4.gmp)rest 
equal to 404M, Kp in equation (2’) had to be 171 pM, at: 
variance with the direct estimate of 30 yM made by Fesenko et 
al”. If cyclic GMP is the only agent that regulates the outer. 
segment light-sensitive conductance, then equation (2’), and the 
assumption that 95% of the outer-segment conductance is shut. 
off in the resting (dark) state, require (accmp)res to be 7 uM. 
Refitting our rising phase data by forcing (a.Gmp) res: to be 7 pM: 
produces good agreement for km values as low as 80 uM. We 
emphasize, however, that the results of Fesenko et al. provide 
no insight into the lengthening of the saturated phase of the 
photocurrent after exposure to exogenous cyclic GMP, which 
has to be explained in terms of cyclic GMP-dependent bio- 
chemical events prior to the binding relation, equation (2’). 
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segment membrane current in the presence of exogenous cyclic: 
GMP. We thank Drs B. Rosner, P. Mueller and P. A. Liebman: 
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Neuronal! function depends crucially on the spatial segregation of 
: specific membrane proteins, particularly the segregation associated 
“with sites of synaptic contact. Understanding the factors governing 
this localization of proteins is a major goal of cellular 
neurobiology. A conspicuous example of synaptic specialization 
is the almost exclusive localization of vertebrate skeletal muscle 
acetylcholine (ACh) receptors to the subsynaptic membrane of the 
neuromuscular junction (for example, refs 1, 2). The localization 
of other membrane proteins in skeletal muscle has been much less 
- studied, but a knowledge of their distribution is crucial for under- 
standing the factors governing regional specialization. We have 
: explored the distribution in muscle of the voltage-gated Na channel 
‘responsible for the action potential using the loose patch-clamp 
< technique**, and have measured Na currents in 5-10 pm-diameter 
membrane patches as a function of distance from the end plate 
region of snake and rat muscle fibres. Here we report that the Na 
current density immediately adjacent to the endplate is 5—10-fold 
higher than at regions away from the endplate. The increased Na 
“current density falls off rapidly with distance, reaching the back- 
-ground level 100-200 pm from the endplate. Although one might 
expect ACh receptors to be concentrated near the region of ACh 
: release, such a concentration for Na channels, which propagate 
the impulse throughout the length of the cell, is surprising and 
suggests that factors similar to those responsible for concentrating 
ACh receptors at the endplate also operate to concentrate Na 
channels. 

=o The loose patch voltage-clamp technique allows detailed map- 
ping of Na current densities. In this method a fire-polished 
pipette is pressed against the surface of the muscle fibre, which 
“partially electrically isolates a 5-10-um-diameter patch of mem- 
‘brane and current flowing through the patch is measured’ in 
response to steps of membrane potential. To map Na current 
_ densities it is necessary to visualize the endplate clearly and to 
follow a single fibre over a considerable length. Therefore, we 
¿have used twitch fibres from the single-fibre-thick obliquus 
externus abdominis muscle of the garter snake and enzymatically 
dissociated fibres’ from the flexor digitorum brevis (FDB) 
: muscle of the rat (Fig. 1). The position of recording sites relative 
to the endplate was measured typically from photomicrographs 
similar to those in Fig. 1. 

Currents were recorded from each patch for a sequence of 
test pulses of increasing amplitude (see Fig. 2 inset). Figure 2 
also shows the peak Na current obtained from such sequences 
“recorded at varying distances from the endplate regions of snake 
and rat muscle fibres. In both snake and rat, the currents re- 
corded near the endplate are much larger than those recorded 
far away. Similar results were obtained in all fibres studied in 
~ detail (five snake and four rat fibres). In the snake fibres, the 
` ratio of peak Na current density at sites <40 um from the 
endplate to Na current density at sites 2245 jm away was 
5.5+2.4 (mean +s.d., range 1.8-7.7, total of 14 ‘near’ sites and 
16 ‘far’ sites); in four of these fibres the largest near-endplate 
density was 5.0-6.4 times larger than the largest distal density, 
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Fig.1 Photomicrographs of the snake and rat muscle preparations 
viewed with a Nikon Diaphot equipped with Hoffman modulation 
contrast optics to facilitate visualization of endplates. a, Obliquus 
externus abdominis muscle of the garter snake (Thamnophis s. 
sirtalis). Clearly visible are the orifice (p) of the loose patch pipette 
pressed against the surface of a muscle fibre and the terminal (n) 
of the nerve innervating that fibre. b, Single fibre dissociated’ 
enzymatically from rat FDB muscle. The remnants of the nerve 
terminal (n) remained attached to this fibre. The shadow above 
the fibre is the pipette tip, moved ‘out of the plane of focus. 
Typically, a visible ‘dimple’ remained in dissociated fibres after 
the tip of the pipette had been removed from the surface of the 
fibre. Arrows indicate the dimples remaining at three separate 
recording positions of the pipette. Currents were recorded from 
the spot associated with the rightmost dimple, which has begun 
to fade, about 70 min before the photograph was taken. Currents 
were recorded from the spots associated with the other two dimples 
a few minutes before the photograph was taken. Scale bar, 100 nm 
(a, b}. 


whereas in the fifth fibre it was 1.9 times larger. In four rat 
fibres, the ratio of peak Na current density at sites <30 pm from 
the endplate to Na current density at sites =140 um away was 
6.0+2.1 (range 3.7-8.6, total of 7 near sites and 7 far sites). 
The Na currents recorded at intermediate distances from the 
endplate are intermediate in size between the currents recorded 
near and far (Fig. 2); this is shown quantitatively in Fig. 3, 
where peak Na current amplitude is plotted as a function of 
distance from the endplate. For the snake fibre in Fig. 3a, the 
increased Na current density falls with a length constant of 
~80 um and for another snake fibre (data not shown) the length 
constant was ~90 pm. Although the fragility of the isolated rat 
fibres prevented so detailed a mapping, the decline of Na current 














Fig.2 Representative Na currents recorded at different 
positions along a, a snake muscle fibre and b, a rat 
muscle fibre. Circles indicate the recording positions. 
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The fibre maps are drawn to scale; the 100-pm calibra- wae 
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tion bar applies to a and b. a, Na currents, elicited by 
a test step to a potential estimated to be —22 mV, from 
six sites on a snake muscle fibre (number 0-6). Before 

measurement of the test currents at a spot, the membrane A- ` 
was held for 1-2 min at a potential estimated to be 
~120 mV. The pipette had a tip diameter of 10 pm and 
a resistance of 180 kQ. The seal resistance varied from 
350 to 590 kQ.. Note that the current calibration is differ- 
ent for the current illustrated above the map. This trace 
was recorded with the tip of the pipette partially overlap- b 
ping the endplate. At this spot, steps of pipette potential 

of >67.5 mV from the holding potential elicited not only 

a Na current but also caused an all-or-none twitch of 

the muscle fibre. The presence of a twitch implies that 0 oo ° 
the large voltage-clamp pulse initiated a propagated 
action potential. It seems likely both that the action 
potential was the result of evoked transmitter release, 
as the pipette tip was lying partially over the nerve E 
terminal, and that the action potential was responsible 

for the distortion of the current. The inset illustrates a : 
superposition of test currents that were measured from the leftmost spot of the fibre map for test steps of 52.5-120mV from the holding 
potential in 7.5-mV intervals; the arrow indicates the same peak test current illustrated below the leftmost spot of the fibre map. b, Na currents,’ 
elicited by a test pulse to a potential estimated to be —7 mV, from four sites on an isolated rat fibre (number D-15). The test currents were 
measured 2-4 min after the establishment of a holding potential estimated to be —97 mV. The pipette had a tip diameter of 5 um and a 
resistance of 400 kN. The seal resistance varied from 600-900 kf. 

Methods. Muscle fibres were dissected and bathed in a physiological solution containing (in mM with values given first for snake and then 
for rat): NaCl (145, 146), KCI (4.3, 5.0), CaCl, (3.5, 2), MgCl, (1.7, 1), glucose (11, 11), HEPES [10, titrated with NaOH to pH 7.0 (snake) 
or 7.4 (rat)]. Single fibres were dissociated enzymatically from the FDB muscle of 200-g male Sprague-Dawley rats by incubating the muscle 
for 1-2 h at 37°C in oxygenated physiological solution (described above) to which collagenase (2 mg ml~', Sigma, Type I) and bovine serum 
albumin (1 mg mI~', Sigma, Fraction V) had been added. Single-barrelled pipettes were fabricated with two separate pulls on a vertical puller 
and fire-polished to a final tip diameter of 5-10 zm. After good mechanical contact had been made between the pipette and the surface of 
the muscle fibre, the mechanical and electrical stability of the seal was improved further by applying suction of 10-20 (isolated rat fibres) or 
100-120 mm Hg (snake muscle fibres). With minor modifications, the voltage-clamp circuit was that described in ref. 4, which provides analogue 
compensation for pipette and shunt resistances (Ripene and Ryyyn)- An accurate measurement of pipette voltage and membrane current 
requires both compensation of the pipette resistance and an adequate shunt resistance. In control experiments, we found that R nun Was 
adequate whenever Rynun/ Ryipene exceeded ~1.2, as the amplitude of the peak current measured from a patch was then independent of shunt 
resistance. Currents were amplified, filtered at 10-20 kHz by an 8-pole Bessel filter, digitized and stored on floppy diskettes of a DECLAB 
11/03 computer (Digital Equipment Corp.) The bulk of the linear leakage and capacity current was compensated electronically. Residual 
linear current was digitally compensated by subtracting an appropriately scaled control current from the test currents. Because the absolute 
transmembrane potential is not measured directly in the loose patch-clamp method, we estimated potential from the inactivation versus voltage 
relationship. Na current elicited by a constant test pulse was measured in response to 100-ms prepulses (snake) or 40-ms prepulses (rat) of 
varying amplitude. The prepulse potential inactivating half the Na current was assumed to occur at an absolute transmembrane potential of 
—75 mV. For accurate comparison of currents between patches, it is necessary to minimize differences in the level of inactivation from one 
patch to another. For this reason, we held at potentials from —120 to —100 mV (a single potential in a single fibre) for 1-2 min in the snake 
and 2-4 min in the rat. At the experimental temperatures used (20-22 °C), these times and holding potentials produced sufficiently reproducible 
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current amplitudes to allow comparison of currents from one spot to another. 


density seemed to be steeper than for the snake fibres. Thus, 
for the fibre in Fig. 3b and one other fibre (data not shown), 
the length constant was ~30 pm. In addition to declining with 
longitudinal distance from the endplate, the peak Na current 
density also seemed to decrease with circumferential distance, 
although we were unable to examine this point in detail. In one 
isolated FDB fibre, from which the nerve terminal was dissoci- 
ated completely, we were able to record directly from the region 
formerly covered by the terminal and found the peak Na current 
density to be ~35 times greater than at sites far from the endplate. 
This increased density may be accounted for in part by the 
junctional folds which increase the total membrane area of the 
endplate by a factor of ~5 (ref. 6). 

In frog skeletal muscle, Almers et al.° reported variations of 
as much as 3- to 4-fold in the amplitude of Na currents recorded 
from sites of unknown relationship to the endplate over distances 
as short as 20 wm. Variations of about this magnitude are also 
apparent in the amplitude of currents measured far from the 
endplate (Fig. 3), but these spots were not spaced closely as in 
ref. 5. To explore the possibility that localized regions of high 
Na current density occur away from the endplate, we mapped 
current densities in five snake fibres at 4-6 spots spaced 10 pm 
apart and found up to a two-fold variation in peak current 
between spots. In no case, however, did the current density 
approach that measured near the endplate. Although we cannot 
exclude the possibility that we missed localized regions of greatly 





increased Na current density at sites far from the endplate, we 
conclude that the important region of locally increased density 
is associated with the endplate. . 

In preliminary studies of the rat omohyoid muscle, we have 
measured current densities at sites far from the endplate compar- 
able with those found by Almers et al.’ in the rat omohyoid. 
This omohyoid density is about fivefold higher than the density 
far from the endplate in the FDB. It will be of interest to 
determine whether the density of Na current near the endplate 
in the omohyoid is increased substantially over this already high 
distal Na current density. Another question of considerable 
interest is whether Na channels near the endplate have properties 
different from those far from the endplate. Na-dependent regen- 
erative responses resistant to tetrodotoxin (TTX) and restricted 
to the endplate region have been observed in normally 
innervated frog® and rat? muscle, suggesting that there are TTX- 
resistant Na channels near the endplate. Our preliminary results 
with snake muscle give no indication of the presence of such 
TTX-resistant Na channels near the endplate. In addition, we 
have found no marked differences in the kinetics of Na current 
measured near and far from the endplate. 

Our results are consistent with and explain two earlier 
observations: (1) intracellular recordings revealed an increased 
rate of rise of the action potential in the endplate region of 
frog’? and rat muscle™''; (2) extracellular current measurements 
with a vibrating microprobe'*'* revealed a steady inward current _ 
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Fig.3 Variation of sodium current density with distance from the 
endplate in a, a snake muscle fibre and b, a rat muscle fibre. 
Representative currents from these two muscle fibres are illustrated 
in Fig. 2 and the procedures for measuring the currents are 
described in Fig. 2 legend. The abscissa gives the distance from 
the recording site to the closest portion of the endplate. In a, note 
the change in horizontal scale for points at distances greater than 
350 um from the endplate. The points plotted as circles were 
measured sequentially at sites from left to right along the fibre and 
the points plotted as triangles were measured sequentially at sites 
from right to left along the fibre. 


localized to the endplate region of veratridine-treated rat 
muscle''. Both observations are consistent with our finding of 
an increased Na channel density near the endplate. 

The density of several different kinds of ion channels seems 
to differ between regions near and far from the endplate. Thus, 
anomalous rectifier channels seem to occur at increased density 
near the endplate of frog fibres'* and Cl channels at reduced 
density near the endplate of rat fibres'°, but there is insufficient 
` information to determine whether this density alteration is more 
or less sharply localized to the endplate region than we describe 
here for the Na current. The distribution of ACh receptors has 
been mapped carefully in the snake* and rat' muscle prepar- 
ations used here and, only 10 um or less from the edge of the 
: subsynaptic membrane, the sensitivity to ACh decreased by 
> 15-50-fold compared with the subsynaptic membrane. The 
density of receptors outside the subsynaptic membrane under- 
goes a very slow, continuing decline. Thus, the distribution of 
ACh receptors differs from the distribution found by us for Na 
channels. 

Our observation of an increased Na current density near the 
endplate region of rat and snake muscle raises important issues. 
For example, what is the functional significance of this increased 
«density? One. possibility is that by lowering the threshold for 
initiation of an action potential, the increased density raises the 
afety factor for impulse transmission. It will be important to 
understand the mechanisms responsible for creating and main- 
taining the elevated Na current density near the endplate. Clarifi- 
cation of the distribution of Na channels in developing muscle 
and in adult muscle following denervation should help to eluci- 
-date these mechanisms. 

> This research was supported by NIH grants NS 14901 
(K.G.B.) and NS 16922 (J.H.C.) and grants from the Muscular 
‘Dystrophy Association of America to K.G.B. and D.T.C. 
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How sustained oscillations lose their periodicity and thus give rise 
to chaos was first analysed in mathematical models'*, then 
observed in chemical systems such as the Belousov—Zhabotinsky 
reaction** where chaos is autonomous because it originates from 
endogenous kinetic mechanisms. In contrast, chaos can also be 
obtained by periodically forcing an oscillatory system, as shown, 
for example, in cardiac cells® and yeast glycolysis’. Biochemical 
evidence for autonomous chaos has been obtained both in vitro 
for the peroxidase reaction” and in enzymatic models”'° not based 
directly on experimental systems. We report here the occurrence 
of autonomous chaos in a realistic model for the cyclic AMP 
signalling system of the slime mould Dictyostelium dis- 
coideum''-’, based on receptor modification. This model" is also 
capable of bursting, a phenomenon characteristic of some 
pacemaker neurones such as R15 in Aplysia. Whereas bursting 
has not been observed in D. discoideum, our model suggests that 
‘aperiodic signalling’’® in the mutant Fri7 provides the first 
example of autonomous chaos occurring spontaneously at the 
cellular level. 

After starvation, D. discoideum amoebae aggregate around 
centres in a wave-like manner, via a chemotactic response to 
pulses of cyclic AMP emitted with a periodicity of several 
minutes by the centres and relayed towards the periphery of the 
aggregation field''~'°:'’-?°. (Periodic synthesis of cyclic AMP is 
also observed in cell suspensions’'.) The molecular mechanism 
of cyclic AMP oscillations rests on the autocatalytic synthesis 
of cyclic AMP in D. discoideum’?-**; when cyclic AMP binds 
to a cell-surface receptor, adenylate cyclase is activated and the 
cyclic AMP synthesized is transported into the extracellular 
medium where it is hydrolysed by phosphodiesterase'''?. The 
analysis of a model based on this regulation showed”* that relay 
and oscillations can occur as a result of the positive feedback 
exerted by extracellular cyclic AMP and that both properties 
appear sequentially because of the continuous change in enzyme 
activities during development”. In this model, ATP depletion 
acts as a counterpoise to autocatalysis throughout relay and 
oscillations. Experiments suggest, however, that significant ATP 
variation does not occur during cyclic AMP signalling” and 
that adaptation to constant cyclic AMP stimuli rather results 
from modification of a component in the pathway from receptors 
to adenylate cyclase”. To account for these observations, we 
have analysed a model (Fig. 1) based on the common mechanism 
of receptor modification observed for various hormonal and 
chemotactic stimuli”*”?. 











membrane 


Fig. 1 Model based on receptor modification for the cyclic AMP 
signalling system of Dictyostelium discoideum. Binding of extracel- 
lular cyclic AMP to the active form of the receptor (R) elicits 
activation of adenylate cyclase (C). Arrows indicate synthesis of 
ATP, transport of the cyclic AMP into the extracellular medium 
and cyclic AMP hydrolysis by the intracellular and extracellular 
forms of phosphodiesterase. Decrease in cyclic AMP synthesis 
follows from the passage of the receptor into a desensitized state 
(D) uncoupled from adenylate cyclase'*. 
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Fig.2 Bursting. The time evolution of the normalized concentra- 
tion of intracellular cyclic AMP is obtained by numerical integra- 
tion of the seven kinetic equations (see ref. 14) which govern the 
model of Fig. 1. Parameter values are 0 =A = 0.01, € =0.2, ņ = u = 
0.1, h=5, L, =300, L,=L,/c? with c=100, k, =0.15s7', k= 
0.0687, ¢=0.187', k,=0.857', k,=0.657', k,=0.487', d, =d, = 
d,=10s7', v=7.5 x10 s7', q =4,000 and KX? = 107’ M. 


In the model shown in Fig. 1, the increase in cyclic AMP in 
the course of relay and oscillations still results from receptor- 
mediated activation of adenylate cyclase by extracellular cyclic 
AMP, but the decreasing phase is brought about mainly by the 
passage of the receptor from an active to a desensitized state 
uncoupled from adenylate cyclase. The latter state represents 
either another conformation, as for the acetylcholine recep- 
tor’?! or a form modified covalently, for example, by reversible 
phosphorylation”. The model is governed by seven kinetic 
equations (see ref. 14 for these equations and a definition of 
the parameters). When the steady state admitted by these 
equations becomes unstable, the cyclic AMP signalling system 
generally operates periodically. The oscillations of intracellular 
and extracellular cyclic AMP occur in the absence of significant 
ATP variation and are accompanied by a periodic shift of the 
receptor from the active to the desensitized state'*. Such 
behaviour can be associated with the periodic release of cyclic 
AMP pulses by aggregation centres. Relay of cyclic AMP pulses 
is observed for proximate parameter values. The model also 
accounts'* for adaptation of the signalling system to constant 
cyclic AMP stimuli”. 

Complex oscillatory behaviour also occurs in this mechanism, 
first in the form of bursting (Fig. 2) in which series of sharp 
cyclic AMP pulses periodically alternate with phases of quies- 
cent behaviour. For slightly different values of the parameters, 
the system admits two simultaneously stable periodic regimes; 
similar birhythmicity”'® has been observed recently in two 
chemical systems>™, It is in a proximate parameter domain that 
the system undergoes a transition to chaos. The oscillations 
become highly irregular (Fig. 3) while the system evolves towards 
a ‘strange’ attractor in the phase space (Fig. 4). On such a 
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Fig. 3 Aperiodic oscillations (chaos) in cyclic AMP synthesis. 
The average time interval between successive peaks compares with 
the value near 14 min found'® for aperiodic signalling in D. dis. 
coideum mutant Fr!7. Only slight variations in ATP accompany 
the chaotic synthesis of cyclic AMP (see Fig. 4). The curve: is 
obtained as in Fig. 2 for v = 7.545 x 10°* s~"; other parameter values 

are as in Fig. 2 but the constants in s~' are divided by 10. 


trajectory the system never passes twice through the same point. 
and is highly sensitive to initial conditions, because two point 
initially close to each other will exponentially diverge in time. 
As shown by the histogram in Fig. 4, the length of one cycle on 
the attractor varies by a factor of up to three in an apparently 
random manner (Fig. 3). 

The origin of bursting and chaos may be understood in 
molecular terms by the fact that the model contains two oscilla- 
tory mechanisms sharing a unique feedback loop. The two 
mechanisms differ by the process limiting the autocatalysis of 
cyclic AMP, this limitation resulting alternatively from substrate’ 
depletion and desensitization as the receptor progressively 
passes into the state uncoupled from adenylate cyclase on incu- 
bation with extracellular cyclic AMP. When either one of these’ 
effects predominates, the system shows simple periodic oscilla- 
tions: complex oscillatory phenomena appear when the two 
effects acquire comparable importance. As for regular oscilla- 
tions'*, however, the aperiodic oscillatory synthesis of cyclic 
AMP is accompanied by only slight variations in ATP (see Fig 
4). In a previous model, birhythmicity, chaos and complex 
periodic oscillations resulted from the coupling in series of two 
autocatalytic enzyme reactions”’°. Here, these phenomena arise 
when two oscillatory mechanisms sharing the same feedback 
loop are coupled in parallel. In this latter model, receptor 
modification has a primary role in the mechanism of oscillatory 
phenomena. As well as their application to cellular slime moulds, 
the present results could relate to other processes where oscilla- 
tory phenomena and receptor desensitization occur, for 
example, in hormonal regulation and neural function. 

Bursting has not yet been observed in D. discoideum amoebae, 
but some observations on a mutant of D. discoideum may be 
interpreted in terms of chaos by our present analysis. Durston’® 
has measured the time intervals between successive waves in 
the wild type and in two pacemaker mutants aggregating on 
agar. In contrast to the wild type, the mutant Fri7 is character- 
ized by irregular time intervals between waves, suggesting that 
Frl7 centres have the property of aperiodic signalling'*. The 
average as well as the range of variation of the time interval 
compare with those obtained in Figs 3 and 4. A preliminary 
study of Fri7 in cell suspensions showed the occurrence of 
‘erratic’ oscillations of cyclic AMP”, but the reported time 
course extended over a few cycles only. The results described | 
in Figs 3 and 4 suggest that the aperiodic behaviour of Fri7 
during aggregation on agar or in cell suspensions may represent. 
chaos. The mutation in Fr/7 affects cyclic AMP metabolism” 
and is associated with a precocious activation of adenylate 
cyclase after starvation”. Thus, the parameters governing cyclic. 
AMP synthesis could be such that the dynamic behaviour of 
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Fig.4 Strange attractor in the model for the cyclic AMP signalling 
system based on receptor modification. Shown is the trajectory 
followed by the system in the conditions of Fig. 3, projected in 
the phase space formed by the normalized concentrations of 
intracellular cyclic AMP (range 0-15), ATP (1.545-1.585) and the 
fraction of receptor in the R and D states binding cyclic AMP 
(0.15-0.9). The insert shows a histogram of cycle lengths for the 
strange attractor; the time between two successive peaks of intra- 
cellular cyclic AMP was measured for ~500 cycles and the percen- 
tage of cycle lengths in 2-min intervals plotted. 


the signalling system is chaotic in the mutant Fr17 whereas it 
is periodic in the wild type. 

This hypothesis could be tested by a more detailed study of 
cyclic AMP synthesis in Fr/7 suspensions and, if confirmed, 
would provide the first example of autonomous chaos at the 
cellular level in physiological conditions. The D. discoideum 
» mutant would also exhibit the equivalent, for a cellular system, 
_of a ‘dynamical disease’? in which abnormal modes of dynamic 
behaviour arise in an intact physiological system from a variation 
in parameter values. Whereas such variation originates from 
mutation in Fr/7, the transition to chaos has been induced in 
a molluscan neurone by means of drugs". 

Changes in enzyme activities may cause the developmental 
transitions no relay-relay-oscillations observed in the D. dis- 
coideum wild type after starvation’. Such changes may also 
explain why the signalling system of Fr17 sometimes leaves the 
aperiodic domain and enters a more regular regime during 
development’. In agreement with the former suggestion”, the 
addition of exogenous phosphodiesterase initiates periodic 
aggregation in a D. discoideum mutant lacking this enzyme”. 
The present model suggests that the addition of phos- 
-phodiesterase to suspensions of oscillating Fr/7 cells or Fri7 
amoebae aggregating on agar should induce a transition from 
chaotic to periodic behaviour in an analogous manner. 

This work was carried out while J.L.M. held a European 
Community Fellowship. 
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The expression of T-cell antigen receptors during T-cell ontogeny 
is an important issue that bears directly on such questions as where 
T-cell tolerance is acquired, at what stage T cells become suscep- 
tible to repertoire selection, and why most thymocytes die within 
the thymus. The thymus rudiment is colonized during days 11 and 
12 of gestation’, but it is not until day 19 that significant numbers 
of functional thymocytes are present”, Although much is known 
about the ontogeny of function- and specificity-associated surface 
molecules such as Ly2 and MT4 (the murine equivalent of human 
T4) during this period**, the ontogeny of the T-cell antigen recep- 
tors remains obscure. We have now addressed this question on 
three levels: DNA rearrangement, messenger RNA transcription 
and expression of cell-surface receptor-like proteins. Our results 
suggest that T-cell receptors are first expressed within the thymus 
around day 17 of gestation, independently of and probably before 
the expression of Ly2 and MT4. Furthermore, these data suggest 
that all major adult thymocyte subpopulations, including the small 
cortical cells, most of which die within the thymus®°, express 
receptors. 

The genes coding for one chain of the T-cell receptor have 
recently been isolated’. These genes are rearranged and 
expressed only in T cells and are related to immunoglobulin 
genes by sequence and genomic organization'®''. They are 
known to encode the f-chain of the T-cell receptor through the 
identity between the N-terminal amino acid sequence and that 
predicted from complementary DNA (cDNA) clones™?. As 
with immunoglobulins'*:'*, genetic rearrangements are a prere- 
quisite for expression of a functional T-cell receptor’*'®. The 
extent of rearrangement of the B-chain gene complex can most 
easily be evaluated using a cDNA constant-region (C) probe 
and HindIII-digested DNA. Such a combination will detect a 
9.5- and a 3.0-kilobase (kb) band containing Cg! and C,2, 
respectively (Fig. 1c). Assuming a deletion model, rearrange- 
ments to either locus will result in a depletion of the 9.5-kb 
band (either by deletion or by altering the fragment size), 
whereas the 3-kb band will be unchanged and serves as an 
internal control. The change in ratio between these two bands 
is an indication of the extent of rearrangement of the B locus. 
Analysis of DNA from germline cells showed the two bands to 
be of equal intensity, whereas with DNA from a T lymphoma, 
BW5147, in which the Cgl locus has been deleted on both 
chromosomes, only the 3-kb band was seen (Fig. la). Thy- 
mocytes at day 15 of gestation showed some evidence of rear- 
rangements, indicated not only by the depletion of the 9.5-kb 
band, but also by the appearance of rearranged bands pre- 
dominantly of lower relative molecular mass (M,). The intensity 
of the 9.5-kb band fell abruptly at day 17 of gestation, and in 
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Fig. 1 Southern blot analysis of the T-cell receptor B-chain genes 
in cells from embryonic and adult mouse thymus. a, DNAs digested 
with HindI11 were separated on a 0.6% agarose gel and transferred 
to a Zeta probe membrane (Bio-Rad). Hybridization was with a 
nick-translated*?, gel-purified insert of the 4.1 cDNA clone, con- 
taining ~ 70 bp of a V-region gene segment, a J-gene segment and 
~ 400 bp of either the C,1 or the C,2 gene of the T-cell receptor 
B-chain. This cDNA clone was isolated with a 33-residue oligonu- 
cleotide, specific for the Cy gene segment, from a cDNA library 
of the KdD4 cytotoxic T-cell line (M.K. and M.S., unpublished 
results). b, After removal of the 4.1 probe, the same filter was 
hybridized with gel-purified insert of the J15 subclone. This frag- 
ment was obtained from a A phage genomic clone (CSpA4) isolated 
from a cytotoxic T-cell line (CSp2) by double digestion with Clal 
and EcoRI and subcloned into pUC9 (H.R.S., unpublished results). 
It contains the 900-bp Clal/ EcoRI fragment located ~90 bp 
downstream of the Jg2 gene locus. c, Partial restriction map for 
the B-chain gene locus displaying the two D-gene segments (Dp 1 
and D,2), the two clusters of J-gene segments (J, 1 and J,2) and 
the two constant-region gene segments (Cg 1 and C,2). The relevant 
HindlIl sites (H) are indicated together with the lengths of the 
resulting fragments and the regions hybridizing to probes 4.1 and 
J15 (refs 10, 11 and M.S., unpublished results). 

Methods. Fetal thymocytes were obtained from timed matings 
where the day of vaginal plug detection was designated as day 
zero. Cortical cells were isolated from adult thymocytes by treat- 
ment with peanut agglutinin and anti-H-2K (100-5/28)*? plus 
complement™. The resulting cells were > 98% small Ly2*MT4* 
thymocytes (data not shown). The T-cell lymphoma BW5147 was 
maintained in tissue culture. DNAs were isolated from cell sus- 
pensions or fresh tissue according to Blin and Stafford** and 
digested to completion with HindIII. Probes were labelled by 
nick-translation (4.1) or the oligo-labelling method (J15)°* to high 
specific activities (108-10° c.p.m. per pg). Hybridization to ~ 5 pg 
of DNA per lane was in 50% formamide, | M NaCl, 10% dextran 
sulphate, 0.2% bovine serum albumin (BSA), 0.2% Ficoll, 0.2% 
polyvinylpyrrolidone, 50 mM Tris-HCI (pH 7.4), 0.1% Na,P,0,, 
0.1% SDS, 150g ml~' sheared and dentatured salmon sperm 
DNA with 3 x10° c.p.m. ml”! hydridization solution for 16h at 
42°C. After hybridization, filters were washed at 68°C twice in 
3 xSSC, 0.1% SDS and twice in 0.3 x SSC, 0.1% SDS. Each wash 
was for 15 min. Exposure was overnight with two intensifying 
screens (Ilford fast tungstate). To remove the probe, the filter was 
incubated twice for 15 min at 90°C in 0.1 xSSC,.0.1% SDS. Sizes 
of restriction fragments hybridizing to the probes were measured 
using phage A DNA restriction fragments of known length run in 

parallel on the same gel. 
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whole thymocyte population or the small cortieal Ly2* MT4* 
subpopulation (Fig. la). Densitometric analysis, in the linear 
range of film responses, indicated that in ~ 30% of day 15, 75% 
of day 17 and >95% of adult thymocytes, the B-chain locus 
had become rearranged (data not shown). 

This type of analysis gives no indication of whether the 
rearrangements have occurred to Cg! or Cg2. Such information 
is derived from Hindli- digested DNA analysed with a probe 
isolated from the joining region (J,2)-C,2 intron. This combina 
tion detects a 5.4-kb germline fragment that will be altered by 
Jg2 rearrangements (Fig. 1e). Rearrangements of J,2 were first 
apparent at day 17, and in the adult essentially all thymocytes 
had J,2 rearrangements (Fig. 1b). It is not known what percen- 
tage of these are diversity(D)-J,2 rearrangements and what 
percentage are variable( V)-D-J,2 rearrangements. 

Northern blot analysis of the B-chain locus during thymus 
ontogeny showed that the transcriptional activity paralleled the: 
extent of DNA rearrangement during ontogeny. There was rela- 
tively little mRNA at day 15, but this increased progressively 
with time, reaching a maximum in the neonate and adult thymus. 
In contrast, levels of mRNA in peripheral T cells fall dramati- 
cally (Fig. 2a,c). This difference levels of B-chain message 
between thymocytes and peripheral T cells has been observed 
by others'’. The role of such a high level of mRNA during 
thymocyte differentiation is unknown and seems to be the 
opposite of the situation observed in B-cell development, where. 
levels of immunoglobulin mRNA peak during the terminal 
plasma cell stage'*. Small cortical thymocytes contain only one- 
sixth of the RNA present in the whole thymocyte population 
(data not shown), but the B-chain mRNA represents the same 
fraction of the total RNA in both populations (Fig. 2c). Analysis 
by fluorescence-activated cell sorting revealed that the subpopu- 
lation of small cortical thymocytes was contaminated with < 2% - 
of non-cortical cells (data not shown). Although the mRNA 
detected in this subpopulation may have originated from a few 
contaminating cells expressing very high amounts of B-chain 
RNA, we consider this unlikely because our data at the protein 
level (Fig. 3c) suggest that a substantial fraction of cortical 
thymocytes express receptors. This conclusion is also supported. 
by the observation that two thymomas with cortical phenotypes 
studied showed rearranged -chain genes and expressed recep- 
tor-like protein (data not shown). 

More revealing in terms of the expression of the T-cell receptor 
is the change in the ratio between the 1.3- and the 1.0-kb mRNA 
which occurred during ontogeny (Fig. 2). The 1.3-kb RNA 
represents a full-length transcript of the V-D-J-C elements, 
whereas the 1.0-kb message represents a transcript of only D-J- 
C elements'**°. At day 15, most of the transcription was of _ 
non-functional D-J-C type, whereas at day 17 and in adult ` 
thymus, most of the mRNA was of the full-length V-D-J-C 
type. 

T-cell antigen-specific receptors are disulphide-bonded het- 
erodimeric molecules with subunits of M, 40-50,000 (refs 21- 
25). Such molecules can be identified by diagonal gel elec- 
trophoresis*®*’. Several arguments support the assumption that 
molecules analysed by this technique are T-cell surface-antigen 
receptors. First, such molecules are T-cell-specific (ref. 27 and 
H.R.S., unpublished observations). Second, they have the same 
physical characteristic as molecules currently accepted to be the 
T-cell antigen receptor. Third, the only other reported molecule 
possessing similar physical properties is the Ly2 complex", but 
this molecule is easily distinguished from receptor-like 
molecules (Fig. 3b). Furthermore, the contribution of Ly2 to 
receptor-like spots was excluded by preclearing with monoclonal 
anti-Ly2 (data not shown). 

The expression of cell-surface receptor-like molecules paral- 
leled DNA rearrangements and transcription levels. At day 15 
embryonic thymocytes did not have detectable amounts of recep- 
tor-like molecules, whereas by day 17 such molecules were 
readily demonstrable (Fig. 3a,b). The appearance of these- 
molecules does not correlate with the expression of Ly2 or MT4, 
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Fig. 2 Northern blot analysis of T cells at various stages of 
development. Total RNA (a, 20 ug; b, 10 ug) was separated on 
1.1% glyoxal gels”, transferred to Gene Screen (NEN) and hybrid- 
ized with the 4.1 probe (Fig. Ic). c Represents a 12-fold longer 
exposure of a. 

Methods. Embryonic thymocytes were obtained as described in 
Fig. | legend. Peripheral T cells were cells purified by passage 
through nylon wool. Cortical cells were isolated by treatment of 
adult thymocyte with monoclonal anti-H-2K (100-5/28) and 
passed through a protein A-Sepharose 6MB column (Pharmacia) 
at 4°C. More than 98% of cells in the non-adherent fraction were 
small Ly2*MT4* thymocytes (data not shown). RNA was isolated 
by the guanidinium isothiocyanate and CsCl gradient centrifuga- 
tion procedures**"?. RNA blots were hybridized in 1M NaCl, 
50mM Tris pH 7.5, 1% SDS, 0.2% polyvinylpyrrolidone, 0.2% 
BSA, 0.2% Ficoll, 100 pg mi! denatured salmon sperm DNA, 
10% dextran sulphate and 1-5 x 10° c.p.m. mi”! oligo-labelled** 
4.1 probe (10° c.p.m. per pg). Filters were washed in 0.3 M NaCl, 
60 mM Tris pH 8, 2mM EDTA, twice at 25°C for 10 min and 
twice at 68°C for 30 min and twice in 10mM NaCl, 6 mM Tris 
pH8, 2mM EDTA at 25°C. Sizes of RNA molecules were esti- 
mated from denatured phage DNA restriction fragments of known 

lengths run in parallel on the same gel. 


because at day 17 both the Ly2°>MT4~ and the Ly2*MT4* 
subpopulations expressed receptor-like molecules, as deduced 
from the observation that, on a per cell basis, there was no 
significant difference between the amount of these molecules in 
the unfractionated and the Ly2 MT4” subpopulation (Fig. 
3b,c). Furthermore, in a panel of thymomas, B-chain DNA 
rearrangements and receptor-like molecules were observed in 
all four groups defined by the Ly2MT4 phenotype, including 
both the Ly2>MT4~ and Ly2”MT4* subpopulations (H.R.S. 
and M.S., unpublished data). 

In the adult thymus, receptor-like molecules were found on 
both the cortisone-resistant thymocytes and the small Ly2* MT4* 
cortical thymocytes (Fig. 3d, e). Although it is very difficult to 
quantify this type of analysis, the assay is very sensitive (Fig. 3 
legend), and we estimate roughly that > 20% of the small 
cortical Ly2*MT4* thymocytes express receptors. 

Our conclusion concerning cell-surface receptor expression 
is consistent with data reported by Roehm et al.’ but not with 
the conclusions of Acuto et al*° that T-cell receptors are 
expressed very late during T-cell ontogeny, concomitantly with 
the division into functional T8*T4 and T8 T4* subpopulations. 
These data were based on the correlation between the presence 
of the receptor and T3. We cannot test this question directly, 
however, because no murine equivalent of T3 has yet been 








Fig. 3 Diagonal gel electrophoresis of thymocyte cell-surface 
proteins from day 15 (a), day 17 (b) and day 17 Ly?” MTF 
embryonic thymocytes (c), cortisone-resistant adult thymocytes 
(d) and small Ly2*MT4* cortical adult thymocytes (e). The first 
dimension is non-reducing (left to right) and the second dimension 
is reducing (top to bottom). The presence of receptor-like proteins 
(R) or Ly2 is indicated by a solid line, whereas the absence of 
these proteins is indicated by a dotted line. 

Methods. Embryonic and adult thymocytes were isolated as 
described in Fig. | legend. The Ly2 MT4 subpopulation was 
isolated from day 17 embryonic thymocytes by a combined treat- 
ment with monoclonal anti-Ly2.2 (H02.2)° and = anti-MT4 
(M129.19)*° plus complement. The M129.19 antibody was rendered 
cytotoxic by haptenation with trinitrophenol (TNP) and incubation 
with monoclonal anti-TNP IgM. The resulting cells were > 98% 
large Ly2 7 MT4~ thymocytes (data not shown). Cortisone-resistant 
thymocytes were obtained 48 h after intraperitoneal injections of 
2.5 mg cortisone acetate. Cortical thymocytes were isolated as 
described in Fig. | legend. Following cell-surface lactoperoxidase- 
catalysed iodination’, the cells were lysed (0.5% NP40, 150 mM 
NaCl, 10 mM Tris pH 7.2, 0.2% NaN;, | mM EDTA, 1 mM phenyl- 
methylsulphonyl fluoride, 100 mM iodoacetamide) and the nuclei 
removed. Lysates from 4 x 10° cells were analysed by diagonal gel 
electrophoresis**”’. The first and second dimensions were non- 
reducing 7.5% and reducing 10% Laemmli gels’, respectively. 
The gels were dried and autoradiographed with Kodak XRP film 
and Ilford fast tungstate screens. Prestained M, markers (BRL) 
were run in parallel on each gel. The sensitivity of this assay was 
estimated by mixing experiments with receptor-positive cells (cor- 
tisone-resistant thymocytes) and a receptor-negative thymoma 
(BW5147). The receptor-positive population had to be present at 

a frequency of > 20% to be detected (data not shown). 


described, but if the correlation between T3 and receptor 
expression holds, we predict that in the mouse the frequency 
of T3-positive thymocytes would be much higher than initially 
reported for humans. 

Our data suggest that at day 15 of gestation thymocytes do 
not express T-cell receptors, that by day 17 a significant fraction 
of thymocytes express receptors, and that in the adult most 
thymocytes are expressing receptors. The fact that day 15 thy- 
mocytes differentiate, express receptors and become functional 
cells in organ cultures?’ suggests that the rapid transition from 
receptor-negative to receptor-positive occurs within the thymus 
and is not a result of the entrance of receptor-positive cells. 
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African trypanosomes contain numerous variant surface glyco- 
protein (VSG) genes, but express only one at a time’. When 
different VSG genes are activated by gene duplicative’ or non- 
duplicative mechanisms’, antigenic variation occurs. Although 
transcriptionally inactive VSG genes can have either an intra- 
chromosomal or a telomeric location’, all expressed VSG genes 
so far examined are telomeric. Some VSG genes are located on 
minichromosomes of ~100 kilobases (kb)’~’, but all those thus 
far described are transcriptionally inactive. We have found that 
the single copy of the IsTat 1.1 VSG gene in the IsTaR 1 serodeme 
has a telomeric location on a minichromosome when inactive. When 
it is activated, it is not duplicated and remains on a minichromo- 
some. These data indicate that minichromosomes contain or can 
acquire all the DNA sequences necessary in cis for VSG gene 
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Fig. 1 Characteristics of the IsTat 1.1 VSG gene. a, Restriction 
map showing locations of the mature mRNA (open bar), cDNA 
probe and genomic clone (Av, Aval; Bg, Bgll; E, EcoRI; He, 
Hincll; Hd, Hindlil; K, Kpni; P, Psti; Pu, Poult; S, Sall; Xh, 
Xhol; open box, SL; open circle, poly(A)). b,Bal31 nuclease 
sensitivity of the 1 VSG gene. VAT-1I1 (ref. 10) DNA was incubated 
with Bal31 according to Yao et al”? using | U of enzyme per 3 pg 
DNA; Spg DNA was taken per time point, deproteinized and 
then precipitated with ethanol. This DNA was digested with Sall 
and transferred to nitrocellulose filters after electrophoretic separ- 
ation in 0.8% agarose. The filters were probed with the nick- 
translated | VSG cDNA probe indicated under the restriction map 
a. à DNA digested with Hind]HII was used as a molecular size 
standard. c, DNase I sensitivity of the 1 VSG gene. Equal numbers 
of VAT-I and VAT-S (ref. 10) cells were mixed, lysed and treated 
with DNase I for various times'*. The DNA was purified, digested 
with Sall, transferred to nitrocellulose after electrophoretic separ- 
ation and hybridized with the cDNA probe. Lanes | and 5 contain 
DNA from these VATs which was not treated with DNase I, VAT 
nomenclature: the VAT (or expressed VSG) is indicated by the 
letter or number following the full stop (.). 


expression and antigenic switching. Of several sequences associ- : 
ated with expressed VSG genes or their transcripts, only the. 


76-base pair (bp) repeat element was found in minichromosomal 
DNA. Variant antigenic types (VATs) which occurred immediately 
before and after VAT-1, expressed VSG genes located on larger 
chromosomes. Thus, different chromosomes can act as VSG gene 
expression sites. 

We have shown previously” that several VATs in the ISTAR 
1 serodeme contain a single copy of the 1 VSG gene, whether 
or not it is expressed. We have also shown the presence of 1 VSG 
messenger RNA in VAT-1 (ref. 11). In all VATs examined, the 
restriction map is identical except for the length of the region 
3’ to the gene (Fig. la). Such length variation and the presence 
of an apparent cluster of restriction sites 3’ to the gene are 
characteristic of telomeric VSG genes®. The telomeric location 
of the | gene was confirmed by its sensitivity to Bal31 exonu- 
clease (Fig. 1b). The telomeric, but not the intrachromosomal, 
11 VSG genes were sensitive to Bal31 (data not shown). That 
the single | VSG gene was activated without duplication was 
also confirmed by its preferential sensitivity to DNase I in 
VAT-{. In the experiment shown in Fig. lc, VAT-1 and VAT-5 


cells were mixed to allow a comparison of the DNase I sensitivity. 


of the | VSG gene in cells expressing the | VSG with its sensitiv- 
ity in cells expressing a different VSG. The | VSG gene in VAT-1 
and VAT-5 cells can be distinguished by the length of their 
telomeres (also VAT-11, see Fig. 2b): the telomere is longer in 








Fig. 2 Chromosomal locations’ of 
VSG genes. a, Freshly isolated try- 
panosomes were lysed in the wells of 
0.5% agarose gels and transferred to 
nitrocellulose filters after elec- g 
trophoretic separation according to 
Sloof et al? and Allison et al’. The 
filters were hybridized with nick- 
translated 1 VSG, A VSG or 5 VSG 
cDNA probes (left to right, respec- 
tively). The positions of the LC- and aai,’ 
MC-DNA are indicated. Trypano- 

some clone | was isolated from the * 

first relapse population from A, A' 
from the first relapse population 
from |, and 5 from a relapse popula- 
tion occurring later in the same infec- 
tion. A solid arrow indicates a single 
relapse, the broken arrow possible 
multiple relapses in the VAT lineage. 
Individual clones of each VAT are 


VAT LINEAGE 


VAT-1I cells. The 1 VSG gene is more sensitive to DNase I in 
VAT-! than in VAT-5 cells. Thus, these experiments show that 
the single | VSG gene is telomeric and was activated without 
duplication. 

Although numerous restriction sites occur in and around the 
1 VSG gene coding sequence, we could not find restriction sites 
5’ to the Sall site (Fig. la), even using gels which resolve DNA 
fragments <50 kb in size. This distribution of restriction sites 
is similar to that which we” and others” have observed for VSG 
genes located on minichromosomes. Therefore, we investigated 
the location of the 1 VSG gene and other VSG genes in whole 
chromosome DNA separated into ‘large’ and minichromosomal- 
sized DNAs by gel electrophoresis’ and by sucrose density 
gradient centrifugation” (Fig. 2). The 1 VSG cDNA probe 
hybridized only to minichromosome-size DNA (MC-DNA) 
both in VATs expressing or not expressing the | gene (Fig. 2a), 
showing that this gene is on a minichromosome whether or not 
it is expressed. 

We also examined the location of the A and 5 VSG genes. 
_ We have shown previously that there are two members of the 
A VSG gene family in the IsTaR 1 serodeme'®, one telomeric 
and one intrachromosomal. The telomeric A gene is expressed 
without duplication in trypanosome clone A’, derived directly 
from VAT-1. Clone A immediately preceded VAT-| and contains 
an additional telomeric A VSG gene which has arisen by duplica- 
tion of the other telomeric A VSG gene and is the transcribed 
expression-linked copy (ELC) ®*! >14, In contrast to the 1 VSG 
gene probe, the A VSG probe hybridizes only to large chromo- 
` somal DNA (LC-DNA) (Fig. 2a). Thus, all the A genes are 
` located on LC-DNA regardless of their expression state. All 
-> four clones shown in Fig. 2 contain three intrachromosomal 5 
VSG genes and a minichromosomal 5 VSG gene which is dupli- 
cated to produce an ELC expressed in trypanosome clone 5 
(refs 10, 15). As the 5 VSG probe hybridizes to both MC- and 
LC-DNA in all VATs (Fig. 2a), the location of the transcrip- 
tionally active ELC itself is unknown. 

When DNA was fractionated by sucrose gradient centrifuga- 
tion, the | VSG cDNA probe hybridized primarily to the MC- 
DNA-containing fraction 15 (ref. 9 and Fig. 2b). Some hybridiz- 
ation to fractions 6-10 was also observed and probably results 
from MC-DNA trapped by the more abundant LC-DNA. As 
judged by ethidium bromide staining, most DNA was in frac- 
tions 2-4 where little or no hybridization with the 1 VSG probe 
occurred. Thus, our data provide further evidence that the 1 VSG 
gene is located on MC-DNA. 

The activation of the | VSG gene on a minichromosome 
suggests that all elements required in cis for VSG gene expression 
and antigenic switching must be on at least one minichromo- 
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indicated by a subsequent lower case letter and the previous VAT (where known) by a superscript. All VATs used here belong to the IsTaR 
1 serodeme and thus are more completely designated as 1.Ae, 1.la, etc. For convenience the prefix (1.) and the lower case letter are omitted. 
b, Sucrose density gradient fractions of VAT-| DNA prepared according to Allison et al” were digested with EcoRI and transferred to 
nitrocellulose filters after electrophoretic separation. The filters were hybridized with nick-translated 1 VSG cDNA probe. The lanes are marked 
with the fraction number and the arrow indicates the direction of sedimentation. 


some. To investigate the identity of such sequences, we probed 
MC-DNA with the 76-bp repeat, the (TAA)n element and the 
spliced leader (SL) sequence. The 76-bp repeat and the (TAA)n 
element (which varies in size) have been found 5' to expressed'* 
and non-expressed'*"'* VSG genes. The SL sequence occurs at 
the 5’ end of VSG” and other mRNAs”! and in tandem arrays 
and orphons in the genome’. Of these probes, only the 76-bp 
repeat hybridized to MC-DNA at high stringency (Fig. 3). At 
a lower stringency, the (TAA)n element also hybridized to 
MC-DNA. In preliminary studies’?! and as will be reported in 
detail elsewhere, the SL probe did not hybridize to MC-DNA 
(R. G. Nelson et al., in preparation) but all three probes hybrid- 
ized to LC-DNA. Thus, the 76-bp repeat occurs on minichromo- 
somes (although not necessarily the | VSG minichromosome), 
whereas an extensive (TAA)n element or SL sequence does not. 
The absence of these sequences from minichromosomes shows 
that they are not required in cis for VSG gene expression. These 
data leave open the possibility that the 76-bp repeat is required 
in cis, but, the presence of the 76-bp repeat 5’ to unexpressed 
VSG genes'*'® indicates that it is not sufficient for VSG gene 
activation. Its location at or near the duplication boundary. of 
VSG genes'’'® suggests that it has a role in duplication or 
transposition rather than gene activation per se. 

We cloned from genomic DNA a segment containing ~1 kb 
of the 3’-flanking region of the 1 VSG gene (see Fig. la). The 
fragment 3’ to the most 3’ Hincll site contains the repeat 
CCCTAA present on trypanosome telomeres (refs 23, 24 and 
R.A. Jr and K.S., unpublished results). This fragment hybridizes 
to numerous bands in genomic blots and to both MC- and 
LC-DNA, indicating that both types of chromosomes possess 
these telomeric sequences. 

Our observations change the view of the significance of try- 
panosome minichromosomes. Williams er al* suggested that 
minichromosomal VSG genes are transitory intermediates in the 
production of an active VSG gene. The stability of the single 
minichromosomal | VSG gene through numerous cell divisions 
and clonings'® and through the entire life cycle of the trypano- 
some (R.A. Jr and K.S., unpublished results) indicates that 
minichromosomal VSG genes are neither transitory nor inter- 
mediate but contain all the sequences needed for faithful replica- 
tion and segregation. Trypanosome minichromosomes are 
similar in size to the smallest chromosomes that can be propa- 
gated in yeast”. These yeast chromosomes must contain 
telomeric and centromeric sequences for faithful segregation. 
Therefore, we postulate that minichromosomes contain cen- 
tromeric sequences. Sloof et al.'? proposed that minichromo- 
somal VSG genes may evolve more rapidly than those on larger 
chromosomes, but there are insufficient data available to test 











Fig. 3 Hybridization of 76-bp repeat probe with the MC- and 

‘LC-DNA. The filter of MC- and LC-DNA (prepared as described 

for: Fig. 2a) was probed with a nick-translated 76-bp repeat probe. 

The probe was a Sau3A/ Hinf! fragment prepared from a clone of 

the 5’ flank of the MITat 117 ELC and contains five 76-bp repeats’. 
The DNA used is indicated above each lane. 


this hypothesis. All expressed VSG genes are telomeric and, as 
demonstrated here, are expressed from the telomeres of various 
chromosomes. As DNA organized into small chromosomes 
would have more telomeres than if organized into large chromo- 
somes, minichromosomes may amplify the number of VSG gene 
expression sites. Additional evidence for multiple sites for 
expression of VSG genes has been presented by us”'*?° and 
others’. 

The expression of VSG genes on both minichromosomes and 
larger chromosomes shows that mechanisms other than a single 
expression site*”° must control the exclusive expression of one 
of the numerous VSG genes. The | and A VSG genes in clones 
1 and A! (A' was derived directly from 1, see Fig. 2 legend) 
were clearly not activated by reciprocal exchanges of telomeric 
segments containing these genes, as the active 1 VSG gene is 
on a minichromosome whereas the active A VSG gene is not. 
Although this does not eliminate telomeric exchange as one of 
the mechanisms for VSG gene activation’’, it shows that activa- 
tion without duplication can occur by other mechanisms. The 
lack of differences in the restriction maps of the | VSG gene in 
its active and inactive states, although an imprecise criterion, 
provides no evidence for sequence addition, deletion or rear- 
rangement correlated with VSG gene expression. Such differen- 
ces, however, could exist far 5' to the gene or in the large region 
devoid of restriction sites, and therefore may not be detected. 
Thus, the identity and location of elements required in cis for 
the expression of VSG genes remains unresolved. 
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It has recently been reported that c-myc is an inducible gene, 
regulated directly by growth signals which promote proliferation 
and expressed in a cell-cycle dependent manner’. Because various 
leukaemic cell lines express high levels of c-myc messenger RNA’, 
it was of interest to discover whether the gene could be down- 
regulated in these cells by a growth inhibitor such as interferon 
(IFN. We show here that in Daudi Burkitt’s lymphoma cells, 
IFN-a produces a five- to sevenfold reduction in c-myc mRNA 
through a decreased rate of c-myc gene transcription. By isolating 
a growth-resistant Daudi cell variant that had escaped from. this 
down-regulation, we provide the first clear link between reduction 
of c-myc mRNA and the IFN-mediated G,/G, arrest characteristic 
of Daudi cells. Furthermore, by screening other cell lines, we 
demonstrate the heterogeneity of human leukaemic cells with 
respect to these criteria. Thus, IFN-a@ fails to reduce the c-myc 
mRNA and to change the cell-cycle distribution in HL-60: and 
U937 cells, although nermal induction of other IFN-regulated 
activities takes place. The latter group of cells shows a decline in _ 
c-myc gene expression when they become arrested in the Go/G, 
phase as part of their terminal differentiation. 

Three leukaemia cell lines, HL-60 (ref. 4), U937 (ref. 5) and 
Friend erythroleukaemia’®, representing different cell lineages of 
the haematopoietic system, were induced to differentiate by © 
chemical agents such as dimethyl sulphoxide (DMSO) or phor- 
bol myristate acetate (PMA) (Fig. | legend). Cytofluorimetric 
analysis was performed on these cultures before and after induc- 
tion of differentiation and the proportion of cells in the different 
phases of the cell cycle was assessed (Fig. 1a). In parallel 
experiments, equal amounts of poly(A)" RNA were analysed ` 
for c-myc mRNA levels by Northern transfer and hybridization 
to nick-translated c-myc DNA sequences (Fig. 1b). A single 
band of ~2.4 kilobases (kb) was detected in the different 
leukaemic cells by the c-myc probe. 

Figure 1 shows that in HL-60, U937 and Friend eryth- 
roleukaemia cells, terminal differentiation triggered by PMA or 
DMSO was accompanied by two common events, an increase 
in the proportion of cells in the Go/G, phase at the expense of 
the S, G, and M phases (defined as a G,/G, arrest), and a sharp. 
decline in the amount of c-myc mRNA. A fourth cell line, Daudi 
Burkitt’s lymphoma cells’, failed to respond to PMA according 
to these parameters. 

To analyse the possible relationships between these two 
events, we exposed the leukaemic cell lines to a growth inhibitor, 
100 U ml”! of IFN-a purified to homogeneity by monoclonal. - 
antibody columns as described elsewhere". Figure 1b shows that” 
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Fig. 1 Growth arrests of leukaemic cell lines mediated by IFN-a 
or by chemical inducers of cell differentiation. a, Cytofluorimetric 
analysis of control non-treated ceils (——-) and of cells treated. 
with either PMA (—- —), DMSO (- - - - - ) or IFN(— - —). b, North- 
ern blot hybridization analysis of c-myc mRNA from control cells 
(C) and from cells treated as in a. 

Methods. The human histiocytic lymphoma U937, promyelocytic 
leukaemia HL-60 and Daudi Burkitt's lymphoma cell lines were 
grown in RPMI medium (Gibco) supplemented with 10% fetal 
calf serum, and treated for 48h with 100 U ml”! IFN-@ at a cell 
density of 2 x 10° cells mi~’. Induction of differentiation of U937 
and HL-60 towards macrophages was performed by exposing 2 x 
10° cells ml~! to 50ng ml~' PMA?” (Sigma), and of HL-60 cells 
to granulocytes using 1.25% DMSO*; cells were analysed 48h 
post-induction. Friend erythroleukaemia cells were grown and 
induced by 1.5% DMSO as we have described previously in 
detail’, and analysed on day 7 post-induction, or 48 h post-treat- 
ment with 100 Umi! murine IFN”. Cytofluorimetric analysis 
following propidium iodide staining was performed as described 
previously'*. Total RNA was prepared by the LiCl method from 
1-5 x10® cells as detailed elsewhere”, and poly(A)* RNA was 
selected by chromatography over oligo(dT)-cellulose. Poly(A)~ 
RNA from U937, Daudi and Friend cells (10 ug) from HL-60 cells 
(3 pg) was gel electrophoresed and transferred to nitrocellulose 
sheets as described elsewhere'’. Hybridization to 10’ c.p.m. of the 
c-myc probe radiolabelled by nick translation to a specific activity 
of 10° c.p.m. ug”! was. performed as before'®. The c-myc probe 
was a 1.4-kb Clal/ EcoRI DNA fragment containing the third exon 

of the human c-myc gene (provided by R. Gallo)’*. 


in the Daudi cell system, IFN significantly reduced the amounts 
: of c-myc mRNA; in contrast, c-myc MRNA levels were stimu- 
“lated by a similar exposure of U937 and HL-60 cells to IFN. 
«Interestingly, IFN induced a typical arrest in Go/G, only in 
Daudi cells (Fig. 1a) whereas U937, HL-60 or Friend eryth- 
roleukaemia cells showed no change in the cell-cycle distribu- 
tion, although cell growth was reduced by IFN (Table 1). 
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Fig. 2 Down-regulation of the c-myc gene by IFN-a@ in Daudi 
cells. a, Graphic representation of relative levels of c-myc MRNA 
(@), and of the percentage of cells in S+G, +M replicative phases 
(W) at various time points after exposure to IFN-a. b, 
Autoradiograms of hybridization of in vitro transcribed RNA to 
DNA probes. Nuclei were isolated from control non-treated Daudi 
cells (—) or from cells pretreated for 20 h with 100 U ml”! IFN (+). 
Methods. a, Daudi cells were grown and exposed to 100 U ml”! 
IFN-a@ and at various times later they were prepared for cyto- 
fluorimetry and the proportion of cells in S, and in G} +M was 
determined from the histograms as described previously'®, RNA 
was extracted from the cells at the indicated times and 5 yg 
poly(A)* RNA were analysed on Northern blots. The relative levels 
of c-myc mRNA were determined from densitometer scanning of 
the autoradiograms after different exposure times. b, In vitro syn- 
thesis of c-mye mRNA in nuclei. Nuclei were isolated from 10° 
Daudi cells and disrupted by 20-30 strokes of a Dounce 
homogenizer in 40 ml of 10mM HEPES-KOH pH 7.6, 5mM 
MgCl, 25mM KCI, 0.1 mM EDTA, | mM dithiothreitol (DTT) 
(hypotonic buffer). The 4,000g pellet was suspended in 5 ml of 
hypotonic buffer, recentrifuged for 8 min through 10ml of 25% 
glycerol in the same buffer, resuspended at 10° nuclei ml”! in the 
above glycerol buffer and stored in liquid air. Nuclei (2 x 10’) were 
incubated for 30 min at 25°C in 0.3 ml of 25mM HEPES-KOH 
pH 7.5, 150mM KCI, 6mM MgCh, [mM MnCl, 0.5mM 
K,HPO,, 0.03 mM EDTA, 5mM DTT, 5mM NaF, 5% glycerol, 
25 pM UTP, 250 pCi[a-??PJUTP (400 Ci mmol™', Amersham) and 
0.4mM of GTP, CTP and ATP. The nuclei were then treated with 
30 pg ml”! DNase I for 5 min (Worthington, RNase free). RNA 
was phenol and chloroform extracted, treated with DNase I 
(10 pg mi7'), re-extracted by phenol/chloroform and filtered 
through Sephadex G-50. Recombinant plasmids containing the 
1.4-kb genomic fragment of c-myc DNA (see Fig. 1) and the 1.4-kb 
HLA-B cDNA” were cleaved by restriction enzymes to generate 
the specific inserts, electrophoresed on 1% agarose gels (2 pg per 
slot) and blotted onto nitrocellulose'*. Blots (Icm strip) were 
incubated for 4h at 42°C in I ml of 50% formamide, 0.1 M 
HEPES-KOH pH 7.5,0.75 M NaCl, | mM EDTA, 0.2% polyvinyl- 
pyrrolidone, 0.2% Ficoll and 0.5% SDS before addition of 5 x 
10° c.p.m. of **P-labelled nuclear RNA for 48 h. Blots were washed 
twice in 2XSSC, treated for 30 min at room temperature with 
20 pg ml”! RNase A, washed for Ih at 42°C in 2xSSC, 0.5% 
SDS, three times for 30 min at 50°C in 0.5 x SSC, 0.5% SDS, and 
exposed for 2 days. 


Densitometer tracing of the autoradiograms obtained from 
several experiments indicated a five- to sevenfold reduction in 
c-myc mRNA level in IFN-treated Daudi cells, compared with 
a two- to threefold increase in IFN-treated U937 and HL-60 
cells. We therefore conclude that the various leukaemic cell lines 
differ in their response to IFN with respect to the effect on the 
c-myc mRNA levels and the development of a specific Gy/G, 
arrest. No significant difference between these ceil lines was 
detected, however, in the extent of induction of (2'-5’) 
oligoadenylate (oligo(A)) synthetase by IFN, although the basal 















cells than in the other cell lines (Table 1). 
- Further analysis of the inhibitory effect of IFN on c-myc gene 
“expression showed that the IFN-a-induced decline in c-myc 
_- MRNA in Daudi cells preceded the IFN-mediated reduction of 
> cells in S+G,+™M phases (Fig. 2a). To determine whether the 
down-regulatory effect of IFN Operates at transcriptional or 
post-transcriptional levels, we measured the c-myc gene tran- 
scription in isolated nuclei. We found that 5 x 10° c.p.m. of in 
vitro synthesized **P-labelled nuclear RNA were hybridized to 
the 1.4-kilobase (kb) DNA fragment of the c-myc gene blotted 
onto nitrocellulose (Fig. 2b). As an internal control, the same 
preparations of in vitro transcribed RNA were hybridized to the 
HLA-B cDNA probe. Whereas nuclei isolated from cells pre- 
treated for 20h with IFN transcribed c-myc mRNA much less 
efficiently than nuclei from control untreated cells (Fig. 2b), the 
transcriptional rate of HLA mRNA in the same preparations 
was significantly increased. IFN therefore simultaneously 
reduced and activated the transcription rate of two different sets 
of genes; this could lead to the observed changes in the steady- 
state levels of mRNA, that is, the decline in c-myc mRNA and 
the previously described increase in HLA class I mRNA®'°, In 
another experiment, a reduction in c-myc transcription was 
detected within 10h of IFN treatment (not shown), suggesting 
that the effect of IFN on c-myc expression is not secondary to 
changes in cell-cycle distribution (compare with Fig. 2a). 

We isolated a variant of Daudi cells resistant to the inhibitory 
effect of 100 U ml' IFN-a (IFN' cells) (Fig. 3 legend) but 
whose growth was markedly reduced at higher IFN-a concentra- 
tions (1,000 U ml”') (Table 1). Cytofluorimetric analysis indi- 
cated that these cells no longer showed IFN-mediated G,/G, 
arrest, that is, any reduction in the proportion of cells in 
S+G,+M phases, even with high concentrations of IFN 
(1,000 U mi~’) (Fig. 3, Table 1). Figure 3 also shows that, in 
contrast to the reduction seen in wild-type cells, c-myc mRNA 
levels doubled in IFN’ cells following exposure to IFN-a. 
Hybridization of the same blots with the (2'-5’)oligo(A) syn- 
thetase EcDNA probe recently isolated by Merlin et al" 
revealed a strong induction of the synthetase 1.8-kb mRNA by 
IFN in the two cell lines (Fig. 3). As expected, synthetase activity 
also increased in response to IFN in these cells (Table 1). The 
IFN’ cells are therefore not defective in cell-surface receptors 
for IFN-a; they respond to IFN with respect to the (2’- 
S‘)oligo(A) synthetase induction, but have specifically lost the 








Table 1 Induction of (2’-5’)oligo(A) synthetase and growth inhibition 
by IFN-a in leukaemic cell lines 
(2'-5')oligo( A) 
synthetase Growth Reduction 
IFN (c.p.m. per 10 pg % in 
Cells (U ml’) protein) inhibition S+G,+M 
U937 0 1,600 
100 25,800 34 = 
1,000 22,000 66 ~ 
HL-60 0 1,400 
100 19,900 13 - 
Daudi 0 6,500 
(wild type) 10 27,100 + 
100 82,300 70 ba 
1,000 70,400 70 + 
Daudi 0 5,200 
(IFN") 10 28,100 = 
100 40,100 10 = 
1,000 44,400 56 F 
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Exponentially growing cells (2x10° cells mi~’) were treated with 
IFN-a@ and 24h later cell extracts were prepared and samples tested 
for (2'-5')oligo(A) synthetase activity as described previously'®. Cells 
were counted at 72h and % reduction of cell number by IFN was 
calculated. The ability of IFN to reduce the percentage of cells in 
S+G,+M phases (+) was determined from cytofluorimetric analysis. 
IFN’ cells were grown for 20 days without IFN before the experiments. 
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Fig.3 IFN-resistant (IFN‘) Daudi cellis have lost both the. Gy/G, 
arrest and the down-regulation of the c-myc gene by IFN but not 
the IFN-mediated increase of (2'-5’Joligo(A) synthetase mRNA, 
Northern blot hybridization analysis of c-myc mRNA and of 
(2'-SJoligo(A) synthetase mRNA in non-treated (—) and IFN- 
treated (+) Daudi wild-type and IFN‘ cells. Also shown is the 
fraction of cells in S+G,+M phases determined from cyto- 
fluorimetry histograms as in Fig. 2a. 

Methods. Daudi wild-type and IFN’ cells were grown and treated 
with 100 U ml”! IFN-a for 48 h as in Fig. 1. Poly(A)* RNA (8 yg) 
was analysed for c-myc-specific sequences; blots were then stripped 
of the c-myc probe by boiling for 2 min in H,O, and hybridized 
with the cloned (2'-$')oligo(A) synthetase E cDNA probe, recently 
isolated’'. Selection of the IFN‘ cells: Exponentially growing 
Daudi cells were treated with 100 U ml”! of IFN-a@ and the growth- 
arrested cultures were kept for several weeks until resistant cells 
capable of growing in the presence of IFN appeared. IFN‘ cells 
were continuously maintained with 100 U ml”! IFN-a ; before the 

experiment they were grown for 10-20 days without IFN. 


IFN-mediated down-regulation of the c-myc gene and the 
development of a Go/G, arrest. 
Jonak et al,'* reported recently that IFN-B reduces c-myc 
mRNA levels in Daudi cells and that this reduction is selective | 
because neither the level of actin mRNA nor the total cellular 
protein synthesis is affected. We have now shown that this: 
alteration results from a reduction in the transcription rate of 
the c-myc gene, and by comparing the wild-type cells with an 
IFN’ Daudi cell variant, we have further established a tight 
connection between the decline of c-myc mRNA induced by 
IFN and the subsequent IFN-mediated G,/G, arrest. Based on 
this correlation, we propose that the quantitation of c-myc 
mRNA should be used to predict the sensitivity of fresh 

peripheral leukaemic cells to IFN. 

The basis of the difference between Daudi cells and other 
leukaemic cell lines such as HL-60 and U937, in which IFN 
failed to reduce c-myc mRNA, is unclear. HL-60 and U937 cells 
display normal induction of other IFN-regulated activities and 
it is possible that these cells have specifically escaped from the 
inhibitory effect of IFN on the c-myc gene during the develop- 
ment of the leukaemia. Within the group of Burkitt’s lymphoma 
cells, some cell lines, such as Namalva and Raji, are also resistant. 
to IFN by these criteria, whereas the MOLT-4 cells respond like 
Daudi cells (not shown). It is clear, however, that the availability 
of these resistant leukaemic cell lines, as well as the IFN’ Daudi 
cell variant, provides new approaches to investigating the 
molecular mechanism which might lead to this type of c-myc 
deregulation. 

We thank Dr R. Gallo for the gift of the c-myc probe, Dr M. 
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Revel for helpful discussions and for providing the (2‘-5’)- 
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by the Leukemia Research Foundation, Chicago. A.K. is an 
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ransfection of genes into tissue culture cell lines has demonstrated 
hat relatively short DNA sequences can allow expression of 
immunoglobulin’, insulin and chymotrypsin genes in their 
appropriate cell types. A definitive test of cell-specific gene 
xpression, however, requires testing genes in every possible cell 
type, an experiment performed easily by introducing the gene in 
_ question into the germ line of an animal. Transfer of intact genes 
into mice has demonstrated that a mouse immunglobulin « gene 
is expressed specifically in B lymphocytes”*, a rat elastase I gene 
is expressed specifically in pancreas’ and a chicken transferrin 
gene is expressed preferentially in liver". Mouse metallothionein- 
growth hormone fusion genes introduced into mice are preferen- 
tially expressed in the liver, consistent with the expression of 
endogenous metallothionein genes’, but initial experiments with 
. B-globin genes have not revealed proper regulation’*'*. To iden- 
tify the DNA elements required for pancreas-specific expression 
of the rat elastase I gene, we joined the 5’-flanking region of this 
“gene to the human growth hormone (hGH) structural gene and 
introduced the fusion gene into mice. Here we demonstrate that a 
‘usion gene containing only 213 base pairs (bp) of elastase I gene 
sequence directs expression of hGH in pancreatic acinar cells. 
: Figure la, b shows: (1) the elastase I gene which functions 
in transgenic mice’; (2) the truncated version tested here; (3) 
three elastase-hGH fusion genes containing 4.5, 0.5 and 0.2 
kilobases (kb) of elastase 5’'-flanking sequence. The elastase- 
-hGH fusion gene was constructed by placing a BamHI linker 
at the +8 position of the elastase I gene and ligating it to the 
: BamHI site at the +2 position of the hGH gene’. The resulting 
messenger RNA derived from this fusion gene should contain 
the first 8 nucleotides of the elastase I mRNA, followed by 2 
nucleotides contributed by the synthetic linker, then hGH 
sequence starting at +2 (Fig. 1c). The hGH structural gene has 
several advantages as a marker gene in transgenic mice. The 
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C., Elastase I - Human Growth Hormone Sequénce 


-210 crcasteeat TYIGGETIAAC TGAGTGCCGG CCTIGTICTG TCTTIGAATA TCAGATAAAT GAGTTGACTT 





-140 AAAATTTGTT CATTTGTACT TECATGICAC CTETSCTITT ECETECCTTC TACCCACAGC CCTECCCAGC 
-10 TEGCEGAGGA AGGTCAGCAG AGCIGCTGAT AAGAGCCGIA TAAAGAGGGT TCCGCTCATG GCAAGGGGCC 
Hl 
+l AGTGETCTCC GEATEECAAG BCCCAACTCE CCGAACCACT CAGGGTCCTG TSGACAGCTC .. .nGH... 


Fig. 1 Rat elastase I and elastase~-human growth hormone gene 
constructions. a, The rat elastase I gene (EI) and the 5’ deletion 
at —205 (E0.2EI) which was introduced into mice as a linear 
Sall/ Nrul fragment containing 3.4 kb of pBR322 vector sequence 
(see ref. 7). b, The three elastase-hGH fusion genes that were 
introduced into mice. The fusion genes were constructed by sub- 
cloning a 403-nucleotide Sall/ Stul fragment spanning ~205 to 
+198 of rat elastase into pUC13, then converting an Accl site at 
+8 to a BamHI site with a synthetic linker. The hGH structural 
gene, contained on a BamHI/ EcoRI fragment'?, was then inserted 
to make pE0.2hGH. pE4.ShGH was constructed by inserting the 
4.3-kb 5’ elastase HindIII/ Sall fragment into pE0.2hGH. E0.2hGH 
and E4.5hGH were injected as HindIII linear fragments that 
included 2.6 kb of pUC13 vector sequence, whereas E0.5hGH was 
injected as an Ndel fragment, excised from pE4.5hGH, containing 
0.2 kb of vector sequence. Exons are shown as solid boxes, introns 
as open boxes. E, EcoRI; H, HindIII; N, NdeI; S, Sall. c,Sequence 
of the elastase DNA present in E0.2hGH. The putative’ tissue- 
specific enhancer region and TATAAA box are over- and under- 
lined. The sequence to the right of +10 (underlined) corresponds 
to the hGH structural gene. 


presence of hGH DNA and mRNA can be assayed easily by 
hybridization with cDNA or synthetic oligomers. Human GH 
mRNA can accumulate to a high steady-state concentration in 
a variety of mouse tissues and if it is translated appropriately 
and secreted into the blood, increased growth should be 
observed’. 

Each of the plasmids to be tested was linearized and micro- 
injected into the male pronucleus of fertilized mouse eggs (F, 
hybrids of C57 xSJL crosses), which were then implanted into 
pseudopregnant, surrogate mothers. Out of 131 pups derived 
from microinjected eggs, dot hybridization of tail DNA iden- 
tified 4 mice with the elastase I gene and 18 mice with elastase- 
hGH fusion genes (Table 1). The mice were monitored for 
growth for at least 8 weeks and then killed for tissue analysis. 
Rat elastase and hGH mRNA were assayed by a convenient 
solution hybridization method using either a labelled 21-base 
oligomer or a complementary DNA probe (see Table | legend). 
All four mice containing the truncated gene (E0.2EI) expressed 
rat elastase mRNA in the pancreas (Table ia). Of the 18 trans- 
genic mice with the fusion genes, 5 had no detectable hGH 
mRNA, | had a very low concentration of hGH mRNA in the 
pancreas and the remaining 12 had 1,100-39,000 molecules of 
hGH mRNA per pancreatic cell (Table 1b). The data obtained 
with the truncated elastase I gene and the E0.2hGH fusion gene 
indicate that 213 bp of elastase promoter region (Fig. Ic) are 
sufficient to direct pancreas-specific expression. 

All of these transgenic mice had <10 molecules of hGH 
mRNA per cell in the non-pancreatic tissues examined, which 
included intestine, kidney, liver, parotid, spleen, submandibular 















Expression of rat elastase and hGH in tissues of transgenic 





mice 
mRNA 
Pancreas Other 
Genes tissues 
Plasmid Mouse per cell (molecules per cell) 
a, Elastase 

E0.2EI 26-1 13.0 1,900 <10 
66-2 9.5 3,600 <10 

55-6 47.0 3,900 <10 

62-1 51.0 4,100 <10 

b, hGH 

E4.5hGH 37-9 6.5 0 <10 
31-7 2.2 35 <10 

34-4 1.5 1,170 <10 

34-9 3.2 2,560 <10 

34-2 1.4 4,000 <10 

35-1 1.2 8,490 <10 

33-6 6.2 15,100 <10 

34-10 6.2 28,100 <10 

E0.SKGH 43-4 1.0 0 <10 
43-10 6.0 0 <10 

42-6 1.2 1,460 <10 

44-6 199.0 9,760 <10 

44-4 136.0 11,900 <10 

43-5 2.3 15,400 <10 

40-2 4.2 39,400 <10 

E0.2hGH 47-4 3.3 0 <10 
48-4 39.4 0 <10 

49-3 2.1 3,340 <10 





To calculate mRNA molecules per cell, we used the following values: 

6.4 pg DNA per cell, hGH mRNA averages 950 bases, elastase mRNA 
averages 1,200 bases and the RNA/DNA ratios are: pancreas, 8.4; 
intestine, 1.5; kidney, 0.96; liver, 5.3; parotid, 2.2; spleen, 0.38; subman- 
dibular gland, 2.2; testes, 1.75; uterus, 2.0. The limit of sensitivity of 
the assay is ~10 molecules per cell. The number of genes per cell was 
determined by quantitative DNA dot hybridization using an hGH probe. 
Hybridization to the endogenous mouse metallothionein-I gene was 
used as an internal control. 
Methods. mRNA levels were quantitated using the solution hybridization 
protocol described by Durnam and Palmiter'®. For elastase, RNA was 
prepared by the guanidine thiocyanate procedure’’ and the probe was 
a single-stranded cDNA specific for rat elastase I, prepared as described 
by Ashley and MacDonald'*. For hGH mRNA, total nucleic acids were 
prepared by the SDS-proteinase K method'® and the probe was a 
synthetic 21-nucleotide oligomer (5° ATAGACGTTGCTGTCAGA- 
GGC 3') complementary to a sequence present in the last exon. The 
oligomer was end-labelled with [y-°*PJATP to a specific activity of 
~3,000 Ci mmol”! by incubating 20 pmol of labelled ATP and 10 pmol 
of oligomer for 30 min at 37 °C in a 10-l reaction with T4 polynucleotide 
kinase. The labelled oligomer was isolated on a 12% acrylamide gel 
and eluted in 0.2 x SET (1 xSET=1% SDS, $nM EDTA, 10 mM Tris- 
HCl, pH 7.5). The hybridization reactions were set up exactly as 
described elsewhere'®, except that 5,000 c.p.m, of labelled oligomer were 
used per reaction, formamide was replaced with 0.2 x SET, the dilution 
buffer for all of the samples and controls included 100 ug ml”! of herring 
sperm DNA in 0.2 xSET, hybridization temperature was lowered to 
45°C, the S, nuclease treatment was at 37°C and the trichloroacetic 
acid precipitates were allowed to sit on ice for 1 h before they were 
collected on GF/C filters. A standard curve was established using M13 
single-stranded DNA containing the hGH structural gene’. The use of 
labelled oligomers obviates the cumbersome preparation of cDNA. 
Using the modifications described above, it is possible to detect >10 
mRNA molecules per cell with a very low background. Furthermore, 
oligomers can be designed to discriminate between closely related 
sequences. 


and testis or uterus. In most samples, no hGH mRNA was 
detected. The low concentrations detected occasionally are prob- 
ably insignificant because none of the mice showed increased 
growth, indicating the lack of secretion of significant amounts 
of a functional hGH protein into the bloodstream. Many of the 
transgenic mice had at least 10°-10*-fold more hGH mRNA in 
the pancreas than in any other tissue analysed. We have noted 
that both gene constructs with 205 bp of elastase 5’-flanking 
sequence gave lower levels of expression than the corresponding 
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Fig. 2 Size of hGH mRNA and tissue specificity as determined. 
by Northern blot hybridization. a, Blot analysed with a *?P-labelled. 
nick-translated hGH probe; b, the same blot re-analysed. witha 
kinase-treated *?P-oligomer specific for mouse pancreatic amylase: 
Lanes 1-3 contain 10, 3 and 1 pg, respectively, of pancreatic RNA 
from an offspring of mouse 40-2. Lanes 4-7 contain 10 pg of RNA 
from spleen, liver, intestine and kidney, respectively. Lane 8 con- 
tains 10 pg of RNA from a control mouse pancreas and lane 9 
contains 6 pg total nucleic acid from a hepatocellular carcinoma 
cell line expressing metallothinein-hGH. Lane 10 contains end- 
labelled A DNA digested with HindII1; arrows indicate 18S and 
28S RNA bands. Staining the nitrocellulose with methylene blue 
confirmed that equal amounts of RNA were loaded in lanes 1 and 
4-8. 

Methods. Total RNA was preapared by homogenizing tissue in 
5M guanidine thiocyanate, 1% sarkosyl, 20mM EDTA, 1% 2- 
mercaptoethanol, 50 mM Tris pH 7.5, followed by centrifugation 
through 5.7 M CsC!’”"'?. RNA (10 yg) and DNA standards were 
denatured in 50% formamide, 2.2 M formaldehyde at 68 °C for 
5min and electrophoresed at 200 V through a 1.5% agarose gel 
containing formaldehyde”. Gels were blotted onto nitrocellulose 

and hybridized by standard procedures. 





genes with more 5’-flanking sequence. Because there is an imper 
fect relationship between gene copy number and expression, we i 
cannot be certain whether sequences upstream of —205 con- 
tribute to the level of gene expression in the pancreas. The 
proportion (5/18) of transgenic mice which failed to express . 
the fusion gene is comparable with that observed with metal 
lothionein-hGH”’ and presumably represents integration into an 
inactive chromatin domain. This interpretation suggests that 
chromatin domains are dominant over both elastase and metal- 
lothionein promoters, even though the former promoter is tissue 
specific and capable of producing much higher levels of hGH 
mRNA than the latter’, 

When offspring of transgenic mice were analysed for elastase- 
hGH expression, we found that offspring of mouse 43-5, carry- 
ing twice the parental gene copy number, expressed higher 
concentrations of hGH mRNA (53,400 molecules per cell) in 
the pancreas, which indicates that the parent is probably mosaic ` 
and that pancreas-specific expression of hGH can be transmitted 
to the next generation. Similarly, pancreas-specific expression 
of rat elastase has been transmitted to offspring in five separate 
lines (G.H.S. and R.J. MacD., unpublished observations). Thus, 
expression of these genes, like the metallothionein-hGH fusion 
genes’, is usually transmitted faithfully to succeeding gener- 
ations. 

Northern blot analysis was used to investigate the processing 
of elastase-hGH mRNA in tissues of transgenic mice. Figure 
2a confirms that hGH mRNA is present only in pancreatic 
tissue. The hGH mRNA is ~950 nucleotides, the same size as 







































Fig. 3 Immunofluorescent localization of human growth hor- 
mone. a, A section of pancreas from mouse 34-10 treated with 
rabbit anti-hGH and then with fluorescein isothiocyanate (FITC)- 
labelled, goat anti-rabbit immunoglobulin. The exocrine acinar 
cells fluoresce brightly while the endocrine islet cells (arrow) are 
dark. b, A higher magnification view of pancreas from mouse 34-10 
demonstrating hGH located in the acinar cells and in a pancreatic 
duct (arrow). c, Pancreas of the same mouse treated with normal 
rabbit serum before FITC-labelled, goat anti-rabbit immuno- 
globulin. The arrow indicates islet ceils. 

Methods. Immediately after the mouse had been killed, the pan- 
creas was dissected and immersed in Carnoy’s fixative for at least 
2 days. The tissue was embedded in paraffin, sectioned at ~2 pm 
thickness and immunochemically stained, first with either 10% 
normal rabbit serum or a 1:10 dilution of rabbit anti-hGH serum 
and then with a 1:50 dilution of FITC labelled, goat anti-rabbit 

immunoglobulin. 


hGH produced by a tissue culture cell line expressing a metal- 
lothionein-hGH fusion gene known to give functional hGH 
(D.M.O. and R.D.P., unpublished data). By this criterion, hGH 
mRNA seems to be spliced correctly by the mouse exocrine 
pancreas. Analysis of the same blot using an oligomer specific 
for pancreatic amylase mRNA demonstrates the pancreas- 
specific expression of this endogenous gene (Fig. 2b). We used 
“amylase mRNA as a control for contamination of other tissues 
with pancreas (Table 1 legend) and as an internal RNA size 
marker. 
To ascertain whether expression was specific for the exocrine 
cells of the pancreas, we stained sections of the pancreas with 
rabbit anti-hGH and fluorescein-labelled goat anti-rabbit 
immunoglobulin (Fig. 3). The acinar cells of mice expressing 
the elastase-hGH gene fiuoresced brightly, whereas no fluores- 
cence was detectable in the islets of Langerhans (arrows), lymph 
“nodes (not shown), connective tissue and blood vessels (Fig. 
3a) or in the pancreas of control mice (not shown). The lumen 
of the pancreatic ducts also fluoresced brightly (arrow, Fig. 3b). 
Substituting normal rabbit serum for anti-hGH serum resulted 
in no fluorescence (Fig. 3c). This analysis suggests that hGH, 
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exocrine cells. 

Cellular differentiation follows a genetically defined path 
leading to the formation of adult tissues. Elucidation of the 
molecular mechanisms regulating those genes expressed 
uniquely in terminally differentiated cells will provide insight 
into the mechanisms guiding the development of a particular 
tissue. Comparison of the region of the elastase I gene which 
is sufficient for pancreas-specific expression with comparable 
regions of other pancreas-specific serine protease genes reveals 
a conserved 25-nucleotide sequence (Fig. Ic and ref. 15). This 
sequence is included in the chymotrypsin gene constructs that 
are expressed specifically in pancreatic exocrine cells in culture’. 
The presence of cis-acting DNA sequence elements with possible 
enhancer-like properties*'* implies that regulatory gene prod- 
ucts may interact with these elements to control gene expression 
during development of a particular tissue. 
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Corrigendum 


Flexure of the continental lithosphere beneath 
Apennine and Carpathian foredeep basins 


L. Royden & G. D. Karner 

Nature 309, 142-144 (1984). 

THE vertical force (F) given in Figs 2b and 3b should be 
increased by a factor of two to 2.6 x 10° dyn em™' and 3.0 x105 
dyn cm`', respectively. The text, p. 144, paragraphs 3 and 4, 
should be changed accordingly. Thus the applied force is 
equivalent to a negative buoyancy force generated by a slab 
with cross-sectional area of 2,600 to 3,000 km” in a vertical plane 
perpendicular to the trench axis. The curves shown in Figs 2 
and 3 and the discussion remain otherwise unchanged. This 
does not change the fundamental results of our study, and, if 
anything, strengthens the arguments made in the paper—that a 
subsurface load plays a major role in the formation and mainten- 
ance of the Apennine and Carpathian foreland basins. Estimates 
of the applied vertical force (2.6-4.0 x 10'° dyn cm™') are now 
in close agreement with estimates of the vertical trench force 
(~5 x 10` dyn cm™') obtained by Davies”! 
















-Molecular conformations in 
surfactant micelles 


“DILL et al.' published recently a multi- 
coloured representation of a 38-chain 
decanoate micelle constructed according 
to their interphase theory, and they have 
implied that their model differs substan- 
tially from the one we have been advanc- 
ing for some time’. As the problem of 
micellar structure has been fraught with 
controversy and even ‘outlandish 
hypotheses”, some clarification of the sub- 
ject is desirable. In fact, contrary to Dill 
et. al.', there is surprising agreement 
between their calculations and our model 
-based on physical organic data??. Among 
“the more important features of micellar 
» structure that we have specified repeatedly 
“vate: (1) a rough micelle surface; (2) ‘fatty 
“patches’ leading to an abundance of 
hydrocarbon-water contact where water- 
insoluble materials bind hydrophobically; 
(3) transient water-filled cavities; (4) chain 
bending and looping that place terminal 
methyls near the surface; (5) a water-free 
hydrocarbon core of <50% of the micellar 
volume. But the picture of Dill et al.’ con- 
tains all these features. Thus, theory and 
experiment, although perhaps not in total 
accord, are at least in reasonable 
agreement. 

Our recent paper? did indeed take 
strong issue with the Dill-Flory lattice 
model of micelles” presented in 1981 and 
quoted widely since then® (see figure). The 





published picture possesses: (1) a smooth 
surface; (2) an absence of chain looping; 
(3) no terminal methyl groups at the sur- 
face; (4) a completely radial distribution 
of chains; (5) a crystalline interior (Dill 
and Flory write’: “Crowding of the chains 
near the core centre imposes a degree of 
order approaching that in a crystal.”’)— 
agreeing neither with our experimental 
data nor with the more recent model of 
Dill et al.'. One cannot, however, charge 
Dill with inconsistency, because the Dill- 
Flory lattice model was not intended to 
represent a spherical micelle, but rather a 
cross-section of an infinitely-long cylinder. 
Unfortunately, as this picture was the only 
one appearing in an article devoted to 
micelles, many investigators mistook it for 









a micelle’. Further use of this Dill-Flory 
‘micelle’ will only perpetuate an irrelevant 
and totally unacceptable structure. 

One final point of misunderstanding 
must be mentioned. In referring to our 
recent work, Dill et al.' write, ‘it is claimed 
that micellar chains form ‘loops’ with ter- 
mini 200 times more exposed to solvent 
than [are] internal segments”. But we 
made no such claim. Indeed, we specifi- 
cally wrote’, “All that can be stated with 
certainty is that internal olefin is less 
exposed to water than is the thoroughly- 
wet terminal olefin” and the value of 200 
cited by Dill et al. was deduced incorrectly 
from our rate data. Incidentally, these rate 
data, pertain to the oxidation of double 
bonds at various locations along the sur- 
factant chains. Comparisons of reactivity 
among the olefinic surfactants are legiti- 
mate because non-ideal mixing in the 
micelle, if it exists (it has been suggested? 
that a “terminal double bond does not 
display a significant tendency to act as a 
second headgroup’’), would remain con- 
stant in the series. 

The recent model of Dill et al.' does not 
take into account head-group interactions, 
counter-ion binding, micellar water and 
deviations from spherical geometries. Yet 
even at this early stage of understanding, 
it is encouraging that theory and experi- 
ment are beginning to merge. 


F. M. MENGER 
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DILL REPLIES—Although the present 
state of agreement between the theory of 
micellar organization and experiment is 
indeed most encouraging, it should be 
noted that many of the conceptual para- 
doxes, which have long plagued the sub- 
ject of micellar structure, have not been 
resolved by intuitive models'*; more 
quantitative treatment has been required. 
In comparing his views to our interphase 
theory’, Menger cites five points of agree- 
ment and five of disagreement. These com- 
parisons, however, are inappropriate in 
two respects: (1) only our figures and 
diagrams are at issue, and not the underly- 
ing theory; (2) several of his claims are 
inaccurate. 





For example, Menger has concluded. 
from our Fig. 3 (ref. 3) that micelles should 
have rough surfaces, but from our Fig: 1. 
(ref. 4), that they are smooth. It is not the 
theory which is at issue here, for the under- - 
lying model is identical in that respect. 
Nor are the figures contradictory; itis; 
simply that they are intended to serve two 
quite different purposes. In one figure, 
methylene groups are represented’ 
explicitly and in the other, schematically. 
In the latter, irrelevant details of chain 
structure are neglected explicitly t 
demonstrate the organization of viab 
chain conformations and, as such, to draw 
inferences about surface roughness from 
such a diagram is inappropriate. 

In spite of the potential for misinterpre= 
tation, the figure with which Menger takes. 
issue, and which is reproduced above, 
serves a most useful function, showing 
directly how chains can fully pack spa 
and sustain disorder. That our figure rep 
resents cylindrical micelles as opposed t 
spherical ones is quite unimportant and, 
as Menger observes, it is appropriately. 
labelled in any case. Indeed, his claim that. 
others have mistaken its meaning is not 
supported by his reference to the work of | 
Bendedouch et al^. Although even the: 
more realistic computer graphics Fig. 3) 
(ref. 3) oversimplifies significantly certain. 
aspects of micellar structure (shape fluctu- ` 
ations of individual micelles undoubtedly 
occur on a rapid time scale), the assump- 
tion that micelles can be represented by’ 
averaged geometric shapes, such as: 
spheres or cylinders, is of enormous util- 
ity, particularly for the description of 
properties which are averages over long. 
times and over the large number of aggre- 
gates in solution. 

Some of the implications of Menger’s 
contribution are inaccurate. It is thus 
worth reiterating the principal features of 
micellar structure observed experi- 
mentally they are consistent with the 
premises and predictions of the interphase 
model. (1) The micellar core is virtually 
devoid of water*’. It is wrong to imply. 
that there are significant amounts of 
‘water-filled cavities’ and internal ‘micel-. 
lar water’. Moreover, ‘transient cavities’ is 
a term which has yet to benefit from defin 
tion and we are unaware of any experi- 
ments. which have a bearing on their 
existence. (2) Micellar chains are highly 
disordered***. Neither theory nor experi- 
ment can be construed to imply that the 
micellar core is crystalline or that the 
chains are radially aligned. (3) Chain 
bending and disorder are responsible for 
the distribution of chain ends near the 
micellar surface, but to varying degrees 
depending on chain length and micellar 
geometry. In general, the shorter the 
chains and the smaller the micelle, the 
greater the incidence of ends at the 
surface. 





































































































n reviously’, we disagree 

the conclusions of Menger and Doll”. They 
‘claim chain termini are significantly more 
exposed to water than are internal chain 
segments, stating’ “{Our results are] inter- 
preted in terms of coiling and disorder 
which place chain termini in the water-rich 
~ Stern region ... The data in Table I prove 
that the chain termini are exposed to water 
a large proportion of their lifetime in 
micelles ... Our data (along with those of 
Breslow) thus lead collectively to an 
important conclusion: chain bending and 
micelle disorder place the majority of ter- 
„mini outside the micelle core and within 
the water-rich Stern region”. We believe 
that their caveat, however, is more accur- 
ate: the ratio of exposure of internal and 
external groups cannot be assumed to be 
equal to the ratio of oxidation rates, and 
thus no quantitative conclusion can be 
drawn from their experiments. A small 
degree of enhanced terminal exposure is 
to be expected’ and has been found in 
other experiments, including those of 
Breslow, as terminal methyls occupy 
about twice the volume of internal methyl- 
-enes and may be more polarizable. Factors 
-greater than this, however, are unlikely in 
unperturbed micelles and would have 
been detected in the neutron scattering 
experiments we have reported’. What is at 
issue is whether the experiments of 
Menger and Doll have probed the struc- 
ture of unperturbed micelles and, as we 
“noted previously’, there is little evidence 
‘that they have, irrespective of the issue of 
nonideality of mixing, for the locations of 
the substantially-different probes used to 
‘report the accessibilities of internal and 
‘terminal groups are unknown. Their data 
show only that probe chains of different 
lengths have different oxidation rates; that 
s, that 15, 16 or 18 carbon chains, contain- 
ing a double bond near the middle, oxidize 
: more slowly in micellar solutions than 11- 
carbon chains containing a terminal 
‘double bond. Experiments dependent on 
the use of perturbing probes must be inter- 
preted with caution. On the other hand, 
the development of nonperturbing 
methods such as nuclear magnetic reson- 
ance and neutron scattering has con- 
‘tributed enormously to our understanding 
of micellar chain organization. 
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conversions in meiosis 


Lou and Baltimore recently made the 
interesting observation that apparent gene 
conversion events in mouse major 
histocompatibility complex (MHC) genes 
occur much more frequently during 
female than male gametogenesis'. Indeed, 
in 16 cases for which the origin of the 
mutated allele could be ascertained 
because the mutation was detected in an 
F, animal, all the mutations had arisen on 
chromosome 17 contributed through the 
egg. All 16 mutations are of the gain/loss 
type which, as Loh and Baltimore explain, 
are the most likely to have involved a gene 
conversion-like event. Here I suggest that 
this fact can be ascribed to the difference 
in duration of meiosis between males and 
females rather than an exclusive female 
germ-line-specific chromosome pair- 
ing/recombination mechanism. 

In female mice, meiosis lasts from day 
14 of gestation until ovulation because 
female germ cells arrest in meiotic pro- 
phase at the dictyate stage?*, this stage 
can be as long as the reproductive lifespan 
of the animal, that is, at least 14 months. 
Meiosis in male mice is constant and 
shorter (~12.5 days)**. Female mice are 
sexually mature at 8 weeks old, thus the 
chromosomes present in their first batch 
of ovulated eggs will have been paired 
with their homologues in meiotic prophase 
for 61 days. Similarly, eggs from 20-week- 
old females will contain chromosomes 
which have undergone meiosis for 145 
days, and the chromosomes of eggs from 
14-month-old females will have been in 
meiosis for 430 days. Therefore, for these 
three ages, meiosis is 4.9, 11.6 and 34.4 
times longer than in males. 

If one assumes that gene conversion 
occurs throughout meiosis and at the same 
rate in males as in females, the number of 
mutations observed should be directly 
proportional to the duration of meiosis. 
Hence, the probability that in a sample of 
16 mutants, all 16 gene conversion events 
occurred in female gametes is given by 
the binomial P=(r/1+r)'® where r= 
duration of female meiosis/duration of 
male meiosis. The probabilities of this out- 
come for the three age groups of mice 
described above are 0.05, 0.27 and 0.63, 
respectively. As the ages of the females in 
whose gametes the mutations occurred are 
not available in the references cited by 
Loh and Baltimore, although one of the 
mutational screens was carried out at the 
Jackson Laboratories where BALB/c 
breeding females may be 10 months old 
(E. Sargent, personal communication) it 
is not possible to reach a conclusion as to 
the statistical significance of the data. It 
is apparent, however, that part of the rea- 
son for gene conversion being more 
frequent in female than male mice could 
be the increased duration of female 
meiosis. As a test for this notion, it could 
be determined whether gene conversion 
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gametes. 

As it is unclear what pairing conditions, 
if any, or chromosome associations are 
required for gene conversion to occur dur- 
ing meiosis, there is no reason to suppose 
that these mechanisms are drastically 
different in the two sexes, although an 
approximately two-fold difference in the 
intra-H-2 recombination rate is observed 
between males and females. That the con- 
ditions are different from those required for 
recombination may be inferred from 
Chovnick®, who showed that conversion 
events without flanking marker exchange 
at the Rosy locus in the fruitfly Drosophila 
melanogaster are of the same order of 
magnitude in a paracentric inversion 
heterozygote and a normal heterozygote, 
although cross-over in the inversion 
heterozygote was strongly suppressed, as 
expected. Recent experiments on mitotic 
and meiotic gene conversion in yeast have 
led to the suggestion that conversion and 
recombination are fundamentally differ- 
ent events’. Chovnick’s experiment is rel- 
evant to Mus musculus because MHC gene 
evolution has occurred over the past | Myr 
in different mouse complete t-haplo- 
types*°, which are naturally occurring 
inversion heterozygotes for the MHC’. 
Crossing-over with wild-type chromo- 
somes is suppressed but it is possible that 
gene conversion by intrachromosomal 
genetic transfer from wild-type chromo- 
somes or interchromosomal transfer has 
been a mechanism partly responsible for 
their evolution. 

Finally, if female-‘specific’ gene conver- 
sion is an effective means of generating 
genetic polymorphism in addition to that 
obtained by recombination, and if it also 
occurs at multigene loci other than the 
MHC and in other organisms, then it may 
contribute to the successful evolution of 
two mechanisms for generating gametes. 
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A PART of the enjoyment that an anthology 
affords is to stimulate the reader’s 
prejudices, especially as to what has been 
omitted. My first reaction to Martin 
Gardner’s collection of essays was regret 
that modesty should have deterred him 
from including some of the most entertain- 
ing of modern science writing, to be found 
in his own books, such as In the Name of 
Science and Science, Good, Bad and 
Bogus. Other notable omissions are J.B.S. 
Haldane, whose entire oeuvre I should 
have been tempted to retain, and 
Medawar, as well as the English natural 
historians, such as Richard Jefferies and 
Gilbert White. There are, however, many 
pleasurable surprises in this highly individ- 
ual selection — a somewhat enlarged hard- 
back version of a paperback published in 
1957 (which is no doubt why the late 
Samuel Goudsmit, whose dates are correct- 
ly given as 1902-1978, is stated to be the 
current chairman of the Physics Depart- 
ment at Brookhaven). 

Gardner has disinterred some late nine- 
teenth century romantics, such as John 
Burroughs, throbbing with Victorian fer- 
vour and sincerity, and (to me at least) a 
rather glutinous read. There are some 
choice examples of the thinking of Freud 
and of Havelock Ellis, which could be said 
to stretch the definition of science. Attend: 
... fair hair is more beautiful because it harmon- 
ises better with the soft outlines of woman, . . . 
the hair of the armpits, also, Stratz considers, 
should be light. On the other hand, the pubic 
hair should be dark in order to emphasize the 
breadth of the pelvis and the obliquity of the 
angle between the mons veneris and the thighs. 


And so on for pages. (If one suspected 
Havelock Ellis of the possession of a sense 
of humour one might well wonder whether 
he had not invented the unlikely Stratz — 
perhaps the original inspiration for Dr 
Strabismus of Utrecht, whom God pre- 
serve.) Then we are assailed by Maeterlinck 
on the bee, apostrophizing the reader in 
remorselessly purple prose. (How 
incomparably better Miriam Rothschild.) 
Fabre, on the other hand, is irresistible, his 
slightly dotty enchantment with the habits 
of the dung beetle a constant delight. 
Julian Huxley’s dissertation on the 
courtship of birds seems oddly dated, with 
its patina of anthropomorphism. The 
crested grebe, he avers, though constrained 
by the shackles of monogamy, flirts, when 
frustrated, with passing ladies; his consort, 
who until then has remained indifferent to 
his advances, thereupon attacks and drives 








off her rival, and only after this is there a 
loving reconciliation. “How human”, 
Huxley muses, ‘‘again we see to what a 
pitch of complexity the bird’s emotional 
life is tuned”. Well perhaps, though to me 
it only recalls the cartoon that shows the 
zoo gorilla bearing away a shrieking 
blonde; her husband, observing with com- 
posure, suggests: ‘‘Why don’t you tell him 
you’ve got a headache?’’. 

There are some well-chosen contribu- 
tions by Darwin and T.H. Huxley, whose 
majestic cadences retain their power to 
hold the reader in thrall. Stephen Jay 
Gould makes his appearance in the new 
edition (in the company of Asimov, Sagan 
and Lewis Thomas), with a beautifully 
wrought essay on the amorality of nature 
and the contortions of the Victorian moral- 
ists in the face of such Grand Guignol as 
the behaviour of the ichneumon fly, which 
injects its eggs into a caterpillar, so that the 
larvae, when they hatch, devour the still 
living but paralysed host from within. The 
best that a leading entomologist and divine 
of the day could manage, to justify God’s 
ways to man, was to praise the maternal 
regard of the wasp in undertaking its hazar- 
dous operation. (His predicament has been 
encapsulated in the words of one of our 
latter-day gurus: the leopard will lie down 
with the kid, but the kid won’t get much 
sleep.) 

Among the more surprising appearances 
in The Sacred Beetle are those of G.K. 
Chesterton, Robert Louis Stevenson, John 
dos Passos and a science editor of Time 
magazine, Jonathan Norton Leonard. 










There is also A.N. Whitehead, seeking to” 
reconcile science and religion, and vexing” 
Galileo’s ghost with an ingenious re 
habilitation of pre-Galilean astronomy by 
recourse to relativity. Ortega y Gasse 
inveighs against science, which he evidently 
feared would destroy the values of 
European civilization by spawning a new 
breed of insufferable and dangerous 
“learned ignoramuses’’, too narrow in. 
education and vision to recognize the limit- 
ations of their competence. This is a- 
sustained piece of polemical virtuosity, and 
one cannot help but wonder how Ortega, a 
pillar of the Spanish Republic, got along. 
with his Prime Minister and fellow 
professor, Juan Negrin, a physiologist; 
who chose to organize a scientific meeting 
in Madrid at the height of the Civil War 
with the enemy already at the very. gates. 
Did he even perhaps have Negrin in mind? 

Among other pleasures that Gardner. 
puts in our way in this odd but engaging © 
book are Goudsmit’s account of what he 
found when he entered Germany with: the 
US Army in 1945 to investigate how science 
had fared under Hitler; a dazzling philippic“ 
on determinism by Eddington; two essays 
by Bertrand Russell, pellucid in substance 
as in style; and H.G. Wells, as compelling. 
now as then in a chapter from one of the’ 
scientific romances. Here he is in a passage 
that Gardner has quarried from an almost 
forgotten novel, Meanwhile: 





The disease of cancer will be banished from life: 
by calm, unhurrying, persistent men and woman 
.. and the motive that will conquer cancer will.: 
not be pity nor horror; it will be curiosity to 
know how and why. ‘And the desire for service’, 
said Lord Tamar. ‘As the justification for that 
curiosity’, said Mr Sempack ‘but not as the 
motive. Pity never made a good doctor, love 
never made a good poet. Desire for service never 
made a discovery’. 


Well said, H.G.! E 





Walter Gratzer is in the Medical Research 
Council’s Cell Biophysics Unit, King’s College, 
University of London. 





















Stonehenge from the air, 
showing the outer ditch and 
bank as well as the standing 
stones themselves. The 
photograph is reproduced 
from Prehistoric Europe by 
Timothy Champion, Clive 
Gamble, Stephen Shennan and 
Alasdair Whittle. Publisher is 
Academic Press. The book will 
be reviewed in Nature’s 
textbook supplement, which 
will appear in the issue of 7 
March. 
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- Robert Siegfried 

Thomas Beddoes MD 1760-1808: 
Chemist, Physician, Democrat. 


By Dorothy A. Stansfield. 
Reidel: 1984. Pp. 306. Df1.140, £35.75. 











THOMAS Beddoes was not a great scientist. 
Nor did he occupy a public position that 
makes a biography obligatory. History has 
recorded his existence chiefly in the lives of 
Humphry Davy and Samuel Taylor Cole- 
ridge, both of whom benefited when young 
from his support and stimulation. But the 
range of Beddoes’ active involvements was 
so great that his biography provides a 
fascinating perspective on major social, 
political and medical issues of late 
eighteenth century Britain. One obituary 
writer characterized him as the ‘‘physician 
` whose mind was ever on the stretch’’. In the 
present work Mrs Stansfield has described 
all of Beddoes’ activities with the aim ‘‘to 
- gee him whole’’. 

A native of Shropshire, Beddoes was 
educated chiefly at Oxford, though he took 
his MD there in 1786 only after two years at 
. Edinburgh. He stayed on as Reader in 
Chemistry until 1792. During those years 
he visited Lavoisier and de Morveau in 
France and became an early advocate of the 
“new chemistry”. He wrote on the com- 
parison of basalt and granite, finding 
evidence to support the Huttonian plutonic 
geology. Having taught himself Italian, 
French and German, he translated 
` Spallanzani’s Natural History (two 
editions), two major works of Torbern 
Bergman and Carl Scheele’s Chemical 
Essays. 

- Beddoes moved from Oxford after his 
> radical political views had made a chemical 
professorship unlikely. He quickly estab- 
lished a successful medical practice in 
Bristol and began planning the Pneumatic 
Medical Institution for the investigation of 
an aerial cure for pulmonary consumption. 
© He was able to enlist the support of many 
» prominent men, notably Thomas Wedg- 
© wood and James Watt, both of whom had 
personal reasons to hope for his success. 
. The Institution opened its doors in 1798 
>with the young Humphry Davy as 
-< superintendent of the laboratory. The 
physiological properties of nitrous oxide 
< @aughing gas) were the only discoveries of 
any note, but Beddoes’ failure to exploit 
: the gas’s anaesthetic effect remains 
puzzling. 

Beddoes was also busy writing tracts 
= supporting a wide variety of liberal and 
progressive causes. He collected signatures 
petitioning for the abolition of the slave 
trade; he denounced with sometimes 
incoherent fervour government policies 
regarding France, and declared the war an 
unnecessary evil. More temperately he 





ional opportunities 
, and wrote on the design 
of educational toys. After Davy’s 
departure for London in 180! he dedicated 
the Pneumatic Institution to the cause of 
preventative medicine, writing on the evils 
of drink, and producing medical guides 
and dietary advice for the poor. 

In concentrating on Beddoes’ own work, 
Mrs Stansfield has sometimes left the 
reader with an inadequate historical 
context by which to judge the originality or 
the uniqueness of Beddoes’ contributions. 
But there is no uncertainty about his 
profound sense of humanity, and I am 
sorry that Mrs Stansfield did not make that 
quality the integrative theme of her 
biography. It could explain his failures as 
well as his ambitions, for he loved 


umanity not wisely but too well. 


There has been no major account of 
Beddoes since J.E. Stock’s protective 
Memoirs of 1811. The usefulness of Mrs 
Stansfield’s balanced biography is 
enhanced by extensive end-notes and a 
bibliography (somewhat idiosyncratic) of 
primary and secondary sources. There are 
two appendices; the list of Beddoes sixty- 
five contributions to the Monthly Review 
between 1793 and 1801 is a most impressive 
testament to the range of his competency. 
Name and subject indexes complete this 
study of a man who saw so much more 
need in the world than he could meet. g 


Robert Siegfried is Professor of the History of 
Science at the University of Wisconsin- 
Madison. 
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Magnetic Fields in Astrophysics. 

By Ya. B. Zeldovich, A.A. Ruzmaikin 
and D.D. Sokoloff. 

Gordon & Breach: 1984. Pp.365. $80. 





MAGNETOHYDRODYNAMICS — the study of 
the two-way interaction between the 
kinetic and magnetic fields in electrically 
conducting fluids — grew out of cosmical 
observations, beginning with the variations 
in the geomagnetic field, and the variety of 
phenomena grouped together as ‘‘solar 
activity’. It is the large cosmical length- 
scales which facilitate a strong interaction, 
for by Ampére’s law a large-scale field is 
maintained by currents that are 
comparatively weak and so suffer far less 
Ohmic dissipation than in laboratory 
experiments. The subject is now an auto- 
nomous branch of fluid mechanics, but it is 
in the astrophysical context that one still 
finds the greatest variety of application. 
Probably the most fundamental 
question is that of the origin and 
maintenance of cosmical magnetic fields. 
After a long period of doubt as to whether 
“dynamo action’’ was possible (due largely 
to results such as Cowling’s ‘‘anti-dynamo 
theorem’’, which ruled out the simplest 
and most easily pictured field structures), 
there is now almost a plethora of models 
with a large-scale magnetic field that grows 
spontaneously via motional induction. 
The present volume contains an 
extensive discussion of the conditions for 
dynamo action, starting with Faraday’s 
unipolar inductor, crucially modified so 
that the currents induced in the rotating 
disk complete their circuit through a fixed 
helical wire, twisted in the same sense as the 
rotation. This simple model contains the 
two elements — differential rotation and 
helicity — that are typical of 
hydromagnetic dynamos (as anticipated in 
a seminal paper by E.N. Parker). The 
authors show considerable pedagogic skill 








in bringing out both the topological and 
analytical aspects of the problems; for 
example, they contrast the limitations of 
two-dimensional flows, which allow only 
“slow” dynamos, developing in time only 
by virtue of finite resistivity, with the 
greater potentiality of three-dimensional- 
ity, which in principle can yield ‘‘fast’’ 
dynamos that continue to operate at 
infinite magnetic Reynolds number. 

Limitations on length have made in- 
evitable a less detailed mathematical 
discussion of specific astrophysical 
problems, even of those that are direct 
applications of dynamo theory such as the 
cyclical magnetic activity shown by the Sun 
and detected in solar-type stars (‘‘the solar- 
stellar connection’’). Still, the wide- 
ranging astrophysical reader will certainly 
find very useful the inclusion in one volume 
of chapters on the observational evidence 
for cosmical magnetism, and in particular 
for the galactic field, on magnetism and 
star formation, magnetic fields in 
cosmology, magneto-accretion by black 
holes, and on strong magnetic fields 
emanating from neutron stars. 

The book remains to some extent 
personal in its emphasis — for example the 
authors say nothing about hydromagnetic 
stability, and little about the problems of 
the strongly magnetic early-type stars. 
There are also signs of somewhat hasty 
preparation in the occasional repetitiveness 
and premature reference to difficult 
concepts discussed subsequently. 
Nevertheless this is a very valuable addition 
to the literature, and one hopes that the 
publishers will soon offer the book in a 
more reasonably priced edition. Oo 


Leon Mestel is Professor of Astronomy at the 
University of Sussex. 


@ Peter and Jean Medawar’s Aristotle to 
Zoos: A Philosophical Dictionary of Biology 
has now appeared in paperback. British pub- 
lisher is Oxford University Press, price is £4.95. 
In the United States the paperback edition will 
be published in March by Harvard University 
Press. For review see Nature 308, 800 (1984). 
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ALTHOUGH spinors were introduced by 
Elie Cartan about 70 years ago, their use in 

general relativity became common only 
` rather recently. It is in fact easy to trace the 
history of this development. 

The first major event was the lecture 
by. Roger Penrose, entitled ‘‘General 
Relativity in Spinor Form’’, given at the 
third international conference on general 
relativity and gravitation, held at 
Royaumont, near Paris, in June 1959. The 
` reason behind the success of spinor 
methods is perhaps best explained in the 
opening sentence of Penrose’s report in the 
proceedings of the conference. It reads: 

I propose to show that if a spinor calculus is used 
in general relativity, instead of the usual tensor 
calculus, many of the important expressions of 
the theory take on a surprisingly simple form. 
The elegance and the power of the new 
techniques made an immediate impact. I 
am told that a group of younger par- 
ticipants, several of whom were destined to 
become leaders in general relativity, sought 
out Penrose for additional evening lectures 
during the conference itself. Spinorial 
techniques soon began to appear in 
numerous research articles, particularly in 
the subject of gravitational radiation. 

The field next received a boost from the 
detailed article by Felix Pirani in the 
proceedings of the 1964 Brandeis summer 
school, which made the subject accessible 
to beginning research students. 

Penrose himself had given a series of 
lectures on spinors somewhat earlier and 
the present monograph grew out of notes 
taken by Wolfgang Rindler. Although the 
existence of these notes was well known in 
the relativity community, they did not 
receive wide circulation and their 
appearance in book form, polished and up- 
dated, has been eagerly awaited for more 
than 15 years! During the hiatus the field 
has grown and with it the size of the book. 
It is now a work in two parts. The second 
volume, to be published at the end of this 
year, will contain material on null infinity 
and twistor theory, as well as certain recent 
developments such as the proof of the 
positive energy theorems and the definition 
of quasi-local conserved quantities. 

Roughly, one can think of spinors as 
square roots of vectors; it takes the product 
of a spinor with its complex conjugate to 
make a vector. It is therefore only natural 
to regard spinors as the primitive objects 
from which vectors and tensors can be 
built. In this, though, there is a price to be 








paid. While one needs only a differential 
manifold to speak of tensor fields, one 
needs a manifold with a metric to introduce 
spinors. However, in general relativity, 
space-time manifolds do, naturally, come 
with metrics which dictate physical 
processes such as propagation of light and 
ticking of clocks. In this setting, 
conceptually, spinors are indeed a more 
natural starting point than world-vectors 
and tensors. The use of spinors also has 
technical advantages. Since the spin-space 
is a two-dimensional (complex) vector 
space, it comes equipped with a unique (up 
to an ovérall multiplicative factor) non- 
degenerate 2-form. Together with its 
inverse, the 2-form can be used to identify 
contravariant and covariant spinors, that 
is, to raise and lower indices. Further, a 
spinor which is anti-symmetric in any two 
of its indices is proportional, in those 
indices, to the 2-form and the proportion- 
ality factor is easily obtained by contracting 
the two indices in question; consequently 
only symmetric spinors matter. These simpli- 
fications are not shared by world-tensors 
because the tangent space at a space-time 
point is four (real) dimensional. 

The monograph first introduces the 
reader to the geometry of spinors in 
Minkowski space, then treats in detail 
spinor algebra and calculus in the abstract 
index notation and concludes by applying 
the framework to the study of various 
physical fields in curved space-time. It is 
written with a wonderful sense of balance. 
Thus, while the treatment is clearly 
rigorous, the style is not terse. There are 
remarks to assist the reader to see why one 
is doing what one is doing and where one is 
headed, and beautiful figures to help 
visualization of many constructions. 
Consequently, the book will serve at least 
three purposes: it can be used as a text ina 
“*special topics” course in general relativity 
or mathematical physics; it can be read 
profitably by individual graduate students 
and beginning researchers wanting to 
become acquainted with the spinorial 
description of the world on their own; and 
it will be a very valuable source for 
advanced researchers. Here, at last, one 
can find, in one place, the numerous 
spinorial formulae — not to mention 
constructions, theorems and their proofs 
— that researchers in general relativity so 
often need, presented in the most general 
context. 

In addition, the book has several novel 
features which will make it attractive to a 
wider variety of readers. One is the 
systematic development and use of the 
abstract index notation. This notation was 
invented by Penrose in order to treat tensor 
fields in an intrinsic, coordinate-free way 
and yet retain the flexibility offered by the 
presence of indices, which is so useful in 
long calculations. In this notation, indices 
serve simply as abstract markers which tell 
the nature of the tensor considered (for 
example its contravariant versus covariant 
character) and do not take on numerical 
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notation most interesting. Another feature 
‘is that 2-component spinors are used 
throughout the book; the simplicity and 
utility of these objects is thus brought 
© home and high energy physicists may well 
succumb to their charm. Also, the 
definition of a manifold in terms of its ring 
of smooth functions should please many a 
mathematical physicist. While this 
approach is not new, to my knowledge 
this is the first time that it appears in a 
monograph accessible to physicists. 

There are, however, a few omissions that 
I personally regret. The first is the 
geometrical interpretation of Lie 
derivatives, and of curvature tensors. 
While the ‘‘algebraic or axiomatic 
approach” to derivative operators used 
here is excellent, in that it brings to the 
forefront the properties that one 
frequently needs in practice, graduate 
students would have been greatly helped if 
the geometrical structure involved had 
been somewhere explained. Secondly, it 
would have been helpful if a symbol — the 
abstract index analogue of the Infeld-Van 
der Waerden symbol — representing the 
isomorphism between hermitean spinors 
and tensors had been first introduced 
explicitly and then dropped in calculations 
involving a fixed space-time metric. When 
one deals with a fixed conformal class of 
metrics, this symbol can be dispensed with 
and suitable spinor indices can be simply 
identified with tensor indices. However, 
sometimes — for instance in certain 
perturbation calculations as well as in 
quantum gravity — one needs to work with 
a wider class of metrics. In these cases, it is 
important to keep track of how the chosen 
isomorphism between spinors and tensors 
changes with the choice of the metric, 
particularly because the metric does not 
determine the isomorphism uniquely. An 
. ihexperienced reader may miss this point 
altogether. Finally, I feel that it would have 
been useful to have a section or an 
appendix summarizing the relation 
between the 2-component spinors and the 
4-component ones. 
These points by no means detract from 
the stature of the work as a whole. In recent 
developments in classical gravity, there 
have been instances of constructions which 
are essentially spinorial in the sense that 
they cannot even be recast in the language 
of world-tensors. There are growing 
indications that such constructions may 
also play an important role in quantum 
gravity. Thus, the book has come out just 
in the wake of the realization that spinors 
may play an even more profound role in 
theoretical physics than they do today. 
Because of this, and because Penrose’s 
“ideas have influenced the younger gener- 
ation of relativists so deeply, it is very likely 
to become a classic. O 





Abhay Ashtekar is a Professor of Physics at 
: Syracuse University, New York, and at the 
University of Paris VI. 
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DURING the fifth century AD the Roman 
establishment moved out of the British Isles 
and Germanic tribes from northern 
Germany and southern Denmark moved in. 
The descendant of the language they spoke 
is now the mother tongue of more than 300 
million people worldwide and the second 
language of many millions more. Robert 
Burchfield’s book documents the history of 
English from the fifth century to the 
present day, tracing the changes caused by 
the absorption of other languages, the 
influence of English settlers in overseas 
colonies and the increasing introduction of 
new words designed to cope with techno- 
logical advances. 

Old English, spoken from the fifth cen- 
tury until the Norman Conquest, was an 
inflected language belonging to the Ger- 
manic family. It was written down using 
runic characters, an alphabet consisting of 
linear strokes which could easily be carved 
onto wood or stone. Even when the Roman 
alphabet was adopted, certain runic charac- 
ters remained for a time to symbolize 
peculiarly English sounds. The advent of 
Christianity in the sixth century brought 
about the introduction of many Latin 
words, but it was after the Conquest of 
1066 that the language changed 
dramatically when Norman French words 
became absorbed, leaving traces which are 
still discernible. 

The introduction of printing in the 
fifteenth century fossilized the spelling of 
English while pronunciation continued to 
change. This accounts for the considerable 
discrepancy in the way some English words 
are spelt and the way they are pronounced. 
British settlers in the United States, 
Canada, Australia, New Zealand and 
South Africa adapted the language to des- 
cribe new features they encountered in the 
environment, often by borrowing words 
used by the native inhabitants, for example 
skunk, kangaroo, moccasin. 

Dr Burchfield’s summary of English is 
perfectly suited for anyone with some 
interest in the subject. It is not a specialist 
book but it leaves the reader with a sound 
overall view of the language without having 
to wade through the minutiae of syntax (in- 
deed he castigates ‘‘despotic professors of 
linguistics [who] have failed to notice that 
they have taken the subject beyond the 
reach of intelligent laymen’’). There is a 
fascinating section on slang — rhyming 
slang (butcher’s hook, look; Todd Sloan, 
alone), back-slang (yob) and Citizens’ 
Band Radio slang which has infiltrated 








British English from | orth America. The 
popular myth that the English spoken in 
the United States is antiquated and there- » 
fore somehow ‘‘purer’’ than that spoken 
in Britain, he largely dispels; in the © 
seventeenth century words such as fertile, | 
leisure and dormitory were pronounced in 
both the British English and American 
English manner. 

This is a brief but clear and immensely 
readable book. Fifteen-hundred years of 
English has been condensed into some 
200 pages of text without losing sight 
of how rich, diverse and complex our lang- 
uage is. i 





Joanna Czechowska is on the staff of Nature. 
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Southern African Prehistory and 
Paleoenvironments. 

Edited by Richard G. Klein. 
Baikema: 1984. Pp.404. Dft.70, 
£17.50, $24. 


EvER since the discovery of 
australopithecines in the 1920s and 1930s 
southern Africa has been a focus of 
attention for the study of the evolution of 
man. The archaeological record is one of 
the longest in the world. Progress has been 
hampered by the difficulty of dating the 
major sites, although, as Rightmire points 
out in this book, some control is possible 
through comparison of fossil hominids and 
vertebrate assemblages with the better 
dated East African material. The Middle 
Pleistocene fossil hominid record of the 
region remains very poor. 

A difficulty confronting prehistorians 
and palaeoenvironmentalists working in 
southern Africa is that few people outside 
their own disciplines are interested in the 
details of their working techniques, despite 
the widespread popular interest in early 
man. This book is aimed at the specialist 
and all of the articles are marked by an 
excellent critical approach to evaluation of 
the evidence. Most contributors do, 
however, attempt to provide a story-line 
and some chapters should be 
understandable to a wider audience. Let us 
hope that this is so. The various branches 
of Quaternary science have much to 
contribute to one another and, outside 
scientific circles, the study of human 
evolution is an especially important subject 
in the Republic of South Africa. Apartheid 
is buttressed partly by theological dogma 
which is at complete variance with estab- 





@ Recently published by Cambridge Univer- 
sity Press in their World Archaeology series is 
African Archaeology, by David W. Phillipson, a 
concise, non-technical account of the subject. 
The book will be reviewed in a future issue of 
Nature. 
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lished scientific views. Bearing this in 
-- mind; the authors should be encouraged to 
produce another but more popular book 
->for wider dissemination. 

~The number of contributors (eight) is 
much reduced from the companion volume 
published by Balkema, The Sahara and the 
Nile. This, combined with much cross- 
referencing and first-class editing, has 
resulted in a coherent and readable 
volume. 

In his chapter, Butzer is critical of 
widely-embracing theories of environmen- 
tal (especially climatic) change which have 
been advanced on the basis of isolated 
analyses of sediment sections, such as “ʻa 
deep-sea core or a pollen profile’’ (p.1). 
This is not altogether fair and indeed, 
despite the geographical distance of the 
evidence, Volman employs oxygen-isotope 
Stages:.defined in deep-sea cores as a 
chronological framework for discussing 
early hominid development. In any event 
the motivation for detailed studies and 
wider interest in the results comes from 
: more general speculations and there can be 
benefit in less cautious scientists publishing 
what might be regarded as their after- 
dinner thoughts. Careful, methodical 
studies such as those undertaken by Butzer 
can be used to test or modify such 
hypotheses. 

Scott (on pollen), Klein (Late Pliocene to 
Recent mammals) and others all draw 
extensively on modern analyses to help 
interpret the past. The climate of southern 
Africa has not generally been favourable 
for the preservation of pollen, but never- 
theless some sites have provided useful 
results. Indeed, two generalizations which 
emerge from the book are, on the one 
hand, the value of good sites and, on the 
other, their rarity in southern Africa. An 
example of such a site in the field of verte- 
brate palaeontology is the very rich Early 
Pliocene Varswater Formation described 
by Hendey. This dates to just before the 
arrival of the hominids whose activities are 
believed to have contributed towards 
faunal impoverishment. 

The hunter-gatherer-fisher way of life 
persisted in parts of southern Africa into 
historical times, an unusual feature which 
provides justification for the 
disproportionate amount of the book 
devoted to a chapter on the Later Stone 
Age by Deacon. The chronology of this 
period, and even more so that of the Iron 
Age (covered by Maggs), is relatively well 
established, thanks to the widespread 
application of radiocarbon dating. 

This volume is a major achievement by 
authors, editor and publisher. It should 
provide an impetus for further research in 
southern Africa and a source of inspiration 
to those interested in the prehistory and 
environmental history of other parts of 
the world. o 





A.C. Hamilton is a Senior Lecturer in 
Environmental Science at the University of 
Ulster. 








Water from a stone 
Peter J. Smith 








Inscrutable Earth: Explorations into the 
Science of Earth. 

By Ronald B. Parker. 

Charles Scribner’s Sons: 1984. Pp.200. 
$14.95. 





IN MY ideal world, which I freely admit 
would possess some of the more endearing 
characteristics of Victorian Britain, there 
would bea profusion of Earth-science liter- 
ature, ranging from research monographs 
at one end of the scale to popular volumes 
at the other. In the real world of the 1980s 
the advanced tomes and student texts are 
common enough, but the once-green land- 
scape of popular geological culture has 
long since become a desert. Or perhaps it 
would be fairer to say a desert sprinkled 
with oases, most of which are polluted. 
Exclude the hack—written children’s 
volumes and the bland series from the 
multinational pap publishers, and what of 
value remains, in the English speaking 
world at least, can be counted on the legs of 
a quartered centipede. 

Despite the claim in the publisher’s 
blurb, Oasis Parker may not have been 
moulded with quite the finesse of Oases 
McPhee and Gould; but thirsty caravan- 





On the breeze 
Miriam Rothschild 


Milkweed Butterflies: Their Cladistics 
and Biology. 

By P.R. Ackery and R.I. Vane-Wright. 
British Museum (Natural History)/ 
Cornell University Press: 1984. Pp. 425. 
£50, $75. 





MAJOR contributions to systematics are 
essentially useful, but they are rarely 
exciting, and even less frequently are 
pleasurable to read. For me, Milkweed 
Butterflies has all these merits and the book 
will no doubt prove equally fascinating for 
a wide range of Lepidopterists. Besides 
producing a new and stimulating cladistic 
classification of the subfamily Danainae, 
the authors have assembled virtually all the 
existing information about the group — 
probably the most intriguing assemblage of 
butterflies in the world —, supporting it 
with some 1,500 references. 

Vane-Wright and Ackery add greatly to 
the interest of the morphological 
descriptions by providing information 
concerning the behaviour of the adult in 
the field. Thus the flight of Danaus ismare 
is fast, high and sailing, but that of D. 
affinis slow and weak. Danaus genutia flies 
slowly close to the ground, D. melanippus 
has a skipping flight and flies to the 
inaccessible tops of trees if disturbed, while 








ners, if such there be any more, will still 
find there welcome relief. Fourteen short- 
ish essays cover topics both. well-worn 
(crustal chemical composition, dating 
atmospheric oxygen, stratigraphy and.so 
on) and under-exposed (the sodium bud- 
get, heat flow, gold mining, uniformit: 

ianism, for example). They are stylisticall: 
simple without being dull, comprehen 

to the non-scientist withou yatron 
ing, and peppered with h 
structive metaphor. . The ex 
graphy analogy, for exam 
papers on a desk complete with du 
(volcanic. ash) and dead flies 
simple but inspired. 

































travellers will allow relief at spotting sus- 
tenance to overcome criti i 


unadulterated; there are occasional 
misleading oversimplifications and 
cities of language. But such minor blem- 
ishes are more than outweighed ‘by th 
merits, not the least of which is anicelinein 
oblique viewing. The idea that, since the 
Earth’s crust is 94% oxygen by volume, 
one could tout lumps of old rock as ‘‘solid 
oxygen with minor impurities” without 
falling foul of the fraud squad is an image 
to cherish. im] 





Peter J. Smith is Reader in Earth Sciences at the 
Open University. 


the Monarch (quoting Urquhart, 1960) 
has five distinct flight patterns. The 
sequestration of alkaloids by adult 
butterflies is also well described and 
illustrated. The authors give invaluable 
and detailed lists of food plants, and in 
addition take the larval and pupal 
characters into consideration in their 
classification. 

It is the combination of biology, 
systematics and unusually interesting zoo- 
geography that gives this monograph its 
special quality. The hiving off of 11 species 
in the genus Danaus which, among other 
characters, share the capacity to sequester 
and store cardiac glycosides, is a good 
example of this new approach. One only 
hopes that others will follow the lead and 
that the various families in the combined 
Rothschild and British Museum collections 
will be treated in a similar manner. 

In a work of such dimensions there are 
understandably some omissions, but it is: 
a pity the authors missed the paper in 
which the sequestration and storage of 
cardiac glycosides was first recorded in 
D. plexippus and D. chrysippus, for this 
article also mentions the extraordinary 
sensation of déjâ vu which is sometimes 
experienced when handling these butter- . 
flies. However, the one serious sin of - 
omission is the lack ofa subject index. O 


Miriam Rothschild is an entomologist with a 
special interest in fleas and plant-insect 
interaction. 
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All Scientists Now: The Royal Society in 
the Nineteenth Century. 

By Marie Boas Hall. 

Cambridge University Press: 1984. 
Pp.261. £25, $49. 





FOLLOWING close on the heels of several 
books dealing with the history of the 
British Association for the Advancement 


of Science — that peripatetic 
‘“‘Parliament’’, or more precisely, 
‘Scientific Commons”? — Dr Hall has 


produced a valuable account of the Royal 
Society — that Upper House of Science — 
during the nineteenth century. Such 
contemporary parliamentary metaphors 
for Britain’s two most important Victorian 
scientific organizations are not 
inappropriate. Until its procedures were 
reformed in the 1840s, the membership of 
the Royal Society literally consisted of 
unscientific peers as well as practising 
scientists; the effect of reform was to 
ensure that the Society became a truly 
scientific House of Lords — an élite body 
which could be approached by govern- 
ments for disinterested and expert advice. 

At the beginning of the nineteenth 
century, the Society’s President, the 
botanist Sir Joseph Banks, had already 
presided for 21 years and was to reign for 
another 20 until his retirement and almost 
simultaneous death at the age of 76in 1820. 
Not surprisingly the ‘‘Banksian Learned 
Empire”, as it has been termed, fostered 
natural history rather than the physical 
sciences, sowing discontent amongst 
younger unpatronized talents. (Dr Hall 
detects a continuing tension between what 
eventually became the A (physical) and B 
(biological) constituents of the Society 
during most of the century.) Banks was 
also autocratic: potential Fellows had to 
meet with his personal approval and were 
frequently elected for their financial, social 
and political standing and clout rather than 
for scientific fame or promise. Fellows 
were ipso facto gentlemen. Nevertheless, 
although the Society was packed with men 
who agreed with Banks, as the names of 
Wollaston and Davy attest, it did not lack 
real talent. 

However, the Society could not stand 
apart from the liberalizing tendencies of an 
age in which ‘“‘rotten boroughs” dis- 
appeared and hitherto disenfranchized 
groups of middle-class men sought an end 
to aristocratic privilege. Outside the 
Society new scientific and more democratic 
associations were forming in metropolis 
and province: the Geological Society in 
1808, the Astronomical Society in 1820 
(which gained Royal status in 1831) and the 
BAAS. While recognizing the potential 
threat to the Royal Society’s hegemony, Dr 








i 1 ese events i 
terms of the cultural politics of scientific 
organizations fashionable among younger 
historians of science, but as a slow process 
of inevitable accommodation in which the 
Royal Society exemplified the ‘‘uniquely 
English political process ... of changing 
while remaining the same’’. 

What was to remain unchanged (and 
strengthened in the process of accom- 
modation) was the Royal Society’s premier 
position; but to maintain this, first under 
Humphry Davy’s presidency (1820-1829) 
and then under that of the regal Duke of 
Sussex (1830-1838), the Society’s oligarch- 
ical and undemocratic administrative 
structure had to be reformed, printed 
Proceedings and Council Minutes 
introduced (both in 1832), papers to be 
more stringently refereed by experts in the 
area, discussion and debate (banned since 
the mid-eighteenth century) reintroduced, 
and the Society’s finances strengthened by 
doubling the annual subscription for 
Fellows to four pounds. Then, in 1847, 
under the guidance of the lawyer-physicist 
Robert Grove, the Society introduced 
annual elections to the Fellowship (instead 
of the disruptive, almost weekly, elections) 
and restricted new Fellows to 15in number. 
Although a privileged category for princes, 
peers and privy counsellors was retained, 
and can still prove controversial, this 
restriction on numbers ensured that the 
Society retained its position as Britain’s 
national academy of science. (Albeit in the 
restricted English sense of ‘‘science’’, for 
when international scholarly relations 
between national academies became 
important at the end of the century it was 

















necessary to create a British Academy 
(founded 1903) for the historians and other 
academics excluded from the Society.) 

From mid-century, following these 
reforms, the role of President, while 
reduced administratively to the chair- 
manship of the Council which took the 
decisions, acquired the deferential 
trappings of constitutional monarchy and 
as such it became filled by illustrious 
figures such as Rosse, Airy, Hooker, 
Huxley and Kelvin. As befitted its image as 
the Upper House of Science, the Society 
did much to encourage scientific research 
through an honours system of medals, 
research grants (the Parliamentary Grant 
was first administered in 1849) and the 
diffusion of information through public- 
ations, including the Catalogue of 
Scientific Papers (1867-1925) to which all 
historians of science are indebted. Its 
dramatic support for scientific 
investigations on voyages of exploration to 
the four corners of the Earth was 
particularly important. 

All these matters receive attention from 
Dr Hall, as do the Society’s surprisingly 
convivial relationships with government 
throughout the period. There remains 
much for more detailed examination by 
historians, but AlI Scientists Now provides 
an excellent overview. Despite an over- 
generous tendency to see “good in all 
men’’ (even the exasperating Babbage), Dr 
Hall’s book will be enjoyed by Fellows an 


ey 


Commoners alike. tl 





W.H. Brock is Reader in the History of Science 
and Director of the Victorian Studies Centre at 
the University of Leicester. 
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Peer review — the Marquis of Southampton ’s soirée for the Royal Society, February 1847. 
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inalysis of tobacco leaves, by light | ment, endocytosis, and intercellular 
ind electron microscopy, with quan- | adhesion. Experience in membrane 
itative analysis of results by stereo- | biochemistry or motility is a plus, but 
ogical methods. the major requirements are creativi- 
ty, intelligence, and a capacity for 
hard work. Salary dependent on train- 
ing and experience. 


PRINCETON UNIVERSITY 
DEPARTMENT OF BIOLOGY 


POSTDOCTORAL POSITION 


Applicants should have some ex- 
verience in these techniques and com- 
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ime the person will be required to | to: Dr E J Luna, Department of 
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he National Scale 1B up to £9,446, | Princeton, NJ 08544. 


Princeton University is an Equal 
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Apply to Dr P Echlin, Department 
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RESEARCH ASSOCIATE 
IN NEUROBIOLOGY 


Position available immediately to 
study synaptic organization and meta- 
bolic plasticity in developing and 
mature mammalian neurons. Re- 
search experience with light and elec- 
tron microscopy, cytochrome oxidase 
cytochemistry, anterograde and retro- 
grade tracers, autoradiography, high 
affinity uptake of putative neuro- 
transmitters and immunocyto- 
chemistry. Position funded for at least 
two years. 


Send curriculum vitae and three 
letters of recommendation to: Dr 
Margaret Wong-Riley, Dept of 
Anatomy, Medical College of 
Wisconsin, 8701 Watertown Plank 
Road, Milwaukee, WI 53226. 
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MRC LABORATORIES, THE GAMBIA 


ENTOMOLOGIST 
FARAFENNI FIELD STATION 


An entomologist is required for a WHO supported project 
on the use of insecticide impregnated bed nets as a control for 
malaria. He or she will be based at a well equipped field station 
at Farafenni, 100 miles from the capital, Banjul, where the main 
MRC Laboratories are situated. 


A contract of 18 months will be offered commencing in mid 
1985. Salary and conditions of service will be comparable to 
those offered to MRC staff and will be determined by qualifica- 
tions and experience. Applications should be submitted to Miss 
M. Grenham, Medical Research Council, 20 Park Crescent, Lon- 
don W1N 4AL from whom further details may be obtained. The 
closing date for applications is 15 March 1985. (5448)A. 








STAFF POSITIONS AT 
CANCER RESEARCH 
CENTER 


The La Jolla Cancer Research Foundation is a growing research institute 
located in the Torrey Pines Research Park, in close proximity to three 
other major bioscience institutions. The Foundation has been designated 
as a Basic Science Cancer Center by the National Cancer Institute and 
focuses on the relationships of cancer and mammalian development. 


The Foundation is expanding its scientific program and its physical 
facilities and is recruiting program leaders and staff scientists. The 
program goals are directed to oncogenes, growth factors, and the 
molecular and genetic aspects of cell migration and tumour metastasis. 
Candidates who have ongoing grant-funded projects related to these 
fields and want to be considered are invited to send their curriculum 
vitae to Erikki Ruoslahti, M.D., Scientific Director, La Jolla Cancer 
Research Foundation, 10901 North Torrey Pines Road, La Jolla, CA 


92037. (NW1485)A 












Computational 


Scientist | 
Quantum Chemistry 


The Theory and Computational Science Division of the Science 
and Engineering Research Council's Daresbury Laboratory has a 
vacancy for work in computational quantum chemistry. 

The Laboratory is located in a rural area in North Cheshire and 
provides major facilities for scientific research undertaken by 
university research workers from this country and abroad. The 
present facilities are centred on a 2 GeV Synchrotron Radiation 
Source and a 30 mV Van de Graaff accelerator 

The work will involve the development of new methods and 
software for carrying out calculations on larger molecular systems 
than can be treated accurately at present. Initial treatment will be 
at the Hartree-Fock level, with the later possibility of 
incorporating electron correlation. Program development will 
involve the FPS-164 and AS/7000 available on site, with access to 
the Cray 1-S at London and CDC Cyber-205 at Manchester. 

The successful candidate (male/female) will have recently 
completed a Ph.D degree or expect to obtain one during 1985 in 
theoretical chemistry and will be prepared to collaborate with a 
number of university based groups through the Quantum 
Chemistry Collaborative Computational Project. 

The Theory and Computational Science Division is presently 
engaged on programmes in solid state and surface physics, the 
theory of molecular structure, molecular dynamics and continuum 
processes in atoms and molecules. There is close contact with 
experimentalists using the Synchrotron Radiation Source. 

An appointment will be made at a salary between £9,977 and 
£11,220 according to age, ability and experience. The post will be 
available for a fixed term of three years and will be 
superannuable. The superannuation scheme is non- 
contributory, there is a generous leave allowance and a 
flexible working hours scheme. 

CLOSING DATE: Ist March, 1985. 

For further information please write to or telephone 
Warrington (0925) 65000, Dr. M. F. Guest, (ext. 247). 
Applications should be sent together with 
curriculum vitae and the addresses of two 
referees, quoting reference 
number DL/890 to: 

The Personnel Officer, 





































NATIONAL UNIVERSITY OF SINGAPORE 
RESEARCH 
SCHOLARSHIPS 


Research Scholarships are available to outstanding 
university graduates registered in, or admissable to, 
master’s and doctor's degree programmes by research 
at the National University of Singapore. 


The Scholarships are tenable for one year in the first 
instance and, subject to satisfactory progress, 
renewable annually for another 2 years. 


The value of each Scholarship ranges from S$800 to 
$$1100 per month (£1.00 = S$2.47 approximately) 
and is not subject to income tax; the actual quantum 
is determined on the candidate's qualifications and 
experience. No travel or other allowance is provided. 


Research Scholars may be asked to assist in the work 
of the Departments to which they are attached for 
not more than 3 hours a week. They will be remunerated 
for the work done. 

The University will help Research Scholars find 
off-campus accommodation. 

Application forms may be obtained from: 

NUS Overseas Office 

5 Chesham Street 

London SW1 

United Kingdom 

The Registrar 

NATIONAL UNIVERSITY 

OF SINGAPORE 

Kent Ridge, Singapore 0511. 

Republic of Singapore 


In your request for application forms, please state — 
a) the field of research you intend to undertake; and 
b) your highest educational qualification. 

Applications must be received by THE REGISTRAR, 
NATIONAL UNIVERSITY OF SINGAPORE by 
30 April 1965. W1627A 








‘KINGSTON POLYTECHNIC 
FACULTY OF SCIENCE 
School of Analytical and Biological Chemistry 


LECTURER II in LIFE SCIENCES 


~Candiates should have a proven record of research in the areas of 
biochemistry, cell biology or microbiology. Experience of a range of 
-analytical techniques would be and advantage. The person appointed 
ill be expected to teach aspects of Life Sciences up to and including 
final year undergraduate level, pursue research in an appropriate area 
f study and contribute to the development of courses in Life Science 
‘at Kingston. 
Salary grade Lecturer Il £8,226 - £12,777 including London allowance. 


School of Applied Physics 


CEGB LECTURESHIP IN APPLIED 
PHYSICS 


‘Applicants should havé worked in an area of physical applications, e.g. 
“In applied optics, environmental measurement, development of in- 
<strumentation, which would be of interest to CEGB research. The per- 

son appointed will be required to contribute to the teaching of the School 
ip to degree level. He or she will also be a recognized member of the 

“appropriate research team at the CEGB Research Laboratories, 

eatherhead, with access to a comprehensive range of equipment and 
nstrumentation, and will be expected to carry out research both at 
<CEGB and at the Polytechnic. 

‘Salary grade Lecturer Il/Senior Lecturer: £8,226 - £14,739 inclusive of 
~ London allowance. 

Further details and application forms {to be returned by 8th 

March) from Personnel Officer, Kingston Polytechnic, Penrhyn 

Road, Kingston upon Thames KT1 2EE. Tel. 01-549 1366 ext 287. 








ndon Education Aut 
PADDINGTON COLLEGE 
Department of Biological Science 
25 Paddington Green, London W2 1NB. 
Telephone: 01-402 6221 


Lecturer Grade Il 
in Cell Biology 


Applicants should possess a degree or equivalent qualification together 
with teaching and/or industrial or research experience inthe prepara- 
tion on monoclonal antibodies and the application of recombinant DNA 
technology in biology/ medicine. 
The person appointed wili be expected to teach basic cell biology and 
develop short courses Gn biotechnology topics related to 
biology/medicine, as well as to give specialist lectures on current 
developments in cell science to advanced courses in the department. 
The salary is in accordance with the Burnham (FE) Award on an in- 
crementa! scale of £7,548 to £12,099 plus £1,038 Inner London 
allowance. 
Further details and application forms may be obtained from the Secretary 
to the Department at the above address, quoting reference B/85/3. 
The closing date for the receipt of completed applications is 1 March 
1985. This post is suitable for job share, applications for a job share 
appointment will only be considered if submitted on a paired basis. 
ILEA IS AN EQUAL OPPORTUNITIES EMPLOYER. 

(5439) 4 





QUEENSLAND INSTITUTE OF 
MEDICAL RESEARCH 


Appointments in 


EPIDEMIOLOGY 


The Queensland Institute of Medical Research, affiliate’ with the 
University of Queensland, is a major Australian Medical Research 
Centre, concerned primarily with human cancer, genetics and 
infectious disease. The cancer epidemiology group is being expanded. 
QIMR offers unusual opportunities for collaboration between 
epidemiologists, cell biologists and molecular biologists within the 
institute and the National and International spheres. 


Cancer epidemiology research is currently focused on large bowel and 
skin cancer, with special reference to their precursor lesions. A major 
collaborative clinical trial to prevent large bowel adenomas has recently 
commenced. A multidisciplinary programme is being developed on 
Melanoma, focused on the occurrence of precursor Naevi and 
Melanoma in families, and involving Epidemiology, Cell Biology and 
Molecular Biology, A National case-control study of childhood cancers 
to be based at QIMR will involve similar multidisciplinary collaboration, 
Bus institute is also involved in an International collaborative study of 
oral cancer. 


New staff are being recruited for the Epidemiology group. Priority will 
be given to persons with advanced training in Epicemioiogy or related 
areas of Biostatistics, together with experience in multisciplinary 
studies. An appointment will be made to at least one of the following 
positions. ‘ 


EPIDEMIOLOGIST 


A Senior Scientist is required to develop multidisciplinary Bioigets in 


cancer Epidemiology in collaboration with scientists at R and 
elsewhere, The appointee should have a doctorate in Epidemiology or 
Biostatistics together with substantial experience in cancer 
Epidemiology in an internationally recognized centre of excellence. 


GENETIC EPIDEMIOLOGIST 


A Senior Scientist is required to develop family studies of human 
cancers. Such a person should have_a Doctorate in Genetic 
Epidemiology, or in an allied field such as Population Genetics, with a 
working knowledge of Computer Methodologies and current analytical 
programmes in Genetic Epidemiology, including segregation and 
inkage analyses. 
Appointments will be made from establishment funds and will be for § 
eee initially, with renewal subject to review. The salary range of 
372 — 38,847 {Australian dollars) is in accordance with National 
Health and Medical Research Council scales. The level will be 
determined on the basis of qualifications and experience. 
Further information may be obtained from Dr D. Mac Lennan, 
Head, Cancer Epidemiology. Formal applications including full 
curriculum vitae plus names/ addresses of 3 referees, should be 
made to:— The Director, Queensland Institute of Medical 
Research, Bramston Terrace, Herston. Q. 4006 AUSTRALIA. 
Phone (07) 529222 


Applications close on 5 April 1985. WIMA 











Recombinant DNA Specialist post-doctoral level 





I your sights are aimed at the field of genetic engineering a pharmaceutical enzyme, the numerous genes - approximately 
focus in on a laboratory where sophisticated technology and the 20 - of the biosynthetic route to the vitamine B 12, an impor- 
latest ideas go hand in hand with the strength of France’s n° 1 tant drug and food additive, and the gene of two medically 


chemical and pharmaceutical group-which also happens tobe valuable human proteins. 
among the top 10 in the world. The Rhône Poulenc Group pro- If you would like to broaden your professional horizons, 
vides Génética with an industrial scale structure for research, join a laboratory that really counts in this field. You will find 


application and sales, thus giving Génética every chance to pro- your working environment, just thirty minutes from the heart of 
duce broad ranging applications and all of the resulting finan- Paris, both pleasant and stimulating. 

cial benefits. Ten years ago, the field of genetic engineering Please send your application (résumé}-to GENETICA, 

didn’t even exist. Our main projects performed until 1984; _ 160 quai de Polangis, 94340 Joinville-le-Pont, Paris - FRANCE. 

Génética has successfully cloned and expressed the gene of 


tis sure to bear 








GENETICA 
PARIS FRANCE 












GENETICA VOIT GRAND DANS LE DOMAINE DE LINFINIMENT PETIT 





KING SAUD UNIVERSITY 
RIYADH 
SAUDI ARABIA 


COLLEGE OF SCIENCE 


Vacancies exist in the College of Science for: 


Faculty Members 






Professors, Associate Professors, 
Assistant Professors) 


Graduate Technicians 







on one year renewable contracts, tenable from 27th July 1985. 
Applicants for faculty positions (male/female) should be Ph.D 
holders and/or holders of academic titles from accredited 
universities. 


The College of Science, where the language of instruction is 
English, has the following departments: 











(1) Chemistry (2) Biochemistry (3) Physics 
{5) Botany (6) Mathematics (7) Zoology 
(9) Statistics 


(4) Astronomy 
(8) Geology 







Benefits include: 
Tax free salaries (based on qualifications and experience) 
Monthly transport allowance 
Relocation allowance 
Free furnished accommodation or housing & furniture allowance 
Free yearly return air tickets for incumbent and family 
Children’s educational allowance (non Arabic speakers only) 
Free medical/dental care covering family 
60 days annual leave pre-paid for faculty staff; 45 days for 
technicians. 
* End of service gratuity. 


Application forms are available by writing to the following address, 
stating clearly the college to which you wish to apply, and where 
you saw this advertisement: 


Ms. Carme! Donnachie, 
King Saud University Office, 
29 Belgrave Square, 
London SW1 80B, 


ONLY SUCCESSFUL APPLICANTS WILL BE NOTIFIED. 
(5438)A 
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MRC EXPERIMENTAL EMBRYOLOGY 
AND TERATOLOGY UNIT, CARSHALTON 


Applications are invited for a 


SHORT-TERM NON CLINICAL 
SCIENTIFIC POST 


in this Unit, The successful candidate will join a group whose research 
interest include: molecular mechanisms of teratogenesis, the role of 
cellular oncogenes in mammalian embryogenesis and the control of 
embryonic differentiation. 

Applicants should have, or shortly expect to receive, a Ph.D. with a 
‘background in molecular biology or biochemistry, preferably with 
experience of recombinant DNA technology and an interest in 
i: Mammalian development. 

‘Salary will be at an appropriate point on the MRC non-clinical scientific 
scale (plus London Weighting). 

-Please send applications, together with curriculum vitae and the 
names of two referees, to: The Director, MRC Experimental 
Embryology and Teratology Unit, 


Woodmansterne Road, Carshalton, 
Surrey SM5 4EF. Further details can 
be obtained from the Director. 
Closing date is 8th March 1985. 

JA 


Medical Research Council 












































HEALTH AUTHORITY 
CHRISTIE HOSPITAL & 
HOLT RADIUM INSTITUTE 


PATERSON 
LABORATORIES 


DEPARTMENT OF IMMUNOLOGY 


POST-DOCTORAL 
RESEARCH FELLOW 


A vacancy exists immediately for a 
post-doctoral research fellow in the 
above Department which is supported 
by a Programme Grant from the 
Cancer Research Campaign. The cur- 
rent major interests of the laboratory 
are (i) the molecular analysis of events 
associated with the recognition and 
lysis of tumour cells by cloned human 
T cells and natural killer cells; and (i) 
the immunological detection of on- 
cogene products in normal, premalig- 
nant and neoplastic tissues. 


Candidates should ideally have a 
strong background in the Biological 
Sciences, preferably with some ex- 
perience in molecular biology. Initial 
salary will be in the range £8,450 to 
£11,205, depending upon age and ex- 
perience, and the initial term of the 
appointment will be for 3 years. 


Applications, including a CV and 
the names of 2 academic referees 
should be forwarded to Dr Michael 
Moor, Department of Immunology, 
Paterson Laboratories, Christie 
Hospital, Wilmslow Road, Man- 
chester M20 9BX. (S449)A 


THE ROYAL SOCIETY 


GUEST RESEARCH 
FELLOWS 


The Council of the Royal Society 
invites applications for the support of 
Guest Research Fellows. The object 
of this scheme, established in 1980, is 
to assist outstanding leaders in 
scientific research in the United 
Kingdom to invite as guests scientists 
of proven ability, normally resident 
overseas, to come and work with 
them for periods of between four 
months and one year. The aim is to 
provide for research needs which can 
best be met by such international 
collaboration, and proposed guests 
should be key workers, normally 
already holding established posts, 
who would bring unique expertise to 
their hosts in the United Kingdom. 


Emphasis in selection will be on the | 


abilities and field of research of the 
applicant working in the United 


Kingdom and on those special contri-. 


butions to the applicant’s research 
which would be provided by the 
visitor and not available in the United 
Kingdom. 


Applicants must be working in 
departments of science (including 
agriculture, medicine, mathematics, 
engineering and technology} in uni- 
versities or research institutions in the 
United Kingdom. Direct applications 
from intending guests from overseas 
are not acceptable. 


Applications should be made on 
forms to be obtained from the 
Executive Secretary (GRF/ADH), 
The Royal Society, 6 Carlton House 
Terrace, London, SWIY 5AG, and 
returned by 30 April 1985.  (S467)A 








~ COUNCIL 
Radiobiology Unit 


DIVISION OF CELL AND 
MOLECULAR BIOLOGY 


PHYSICIST 


Applications are invited for a shor 
term non-clinical scientific post 

this MRC Unit, tenable for 3 years, » 
work with Dr D T Goodhease 
Candidates with post-doctoral ¢ 
equivalent status will be preferred. 






The successful applicant wi 
continue track structure calculations 
of the properties of ionizing rad 
ations over small (1-100 nm) di 
tances. These will be related t 
existing and future experiment: 
observations on the biologic: 
effectiveness of widely differing rad 
ations such as hard and ultraso 
X-rays, protons, a-particles, heavic 
ions and selected radionuclide 
He/she will join a multidisciplinar 
group whose main emphasis is o 
fundamental mechanisms of actio 
of radiation of mammalian cells z 
the cellular and molecular level: 
Available are a Norsk-Data min 
computer, Monte-Carlo codes fo 
interaction-by-interactio 
simulation of electron and heavy io, 
tracks, and codes for scoring energ 
deposition in small DNA- an 
chromatin-like targets. 


Salary and conditions of servic 
according to the MRC non-clinice 
scientific scales. Hostel accomme 
dation or housing may be available 
Applications, with curriculum vita 
and the names of two referees, shoul. 
be sent to the Personnel Office 
Medical Research Council, Radic 
biology Unit, Harwell, Didcot 
Oxon. OX11 ORD. 


Further particulars available o: 
request. (G47 DA 





UNIVERSITY OF LONDON 
British Postgraduate 
Medical Federation 


THE CARDIOTHORACIC 
INSTITUTE 
BIOCHEMISTRY UNIT 


MRC RESEARCH POSITION 


available for three years to stud 
metabolism of connective tissu 
components, particularly collager 
during development and ageing 
Applicants should be under 27 an 
hold a first or upper second cla: 
honours degree in an appropria! 
area of the biological sciences. 


Applicants should be of a hig 
quality wishing to enrol for a pos 


| graduate degree. 


The post is graded on the Pri 
doctoral Research Assistant grade 1 
and the starting salary will be on th 
base point. 


Applications in the form of a fu 
curriculum vitae including the name 
and addresses of three profession: 
referees should reach the Secretary 
The Cardiothoracic Institute 
Fulham Road, London SW3 6HP n 
later than 6th March, 1985. Inform: 
enquiries may be directed to Dr G 
Laurent, telephone 01-352 8132 
(Ref: AN M2/N) (S466)A 









RSITY OF SURREY 
DEPARTMENTS OF 
-ROBIOLOGY AND CHEMICAL & 
“ PROCESS ENGINEERING 


POST DOCTORAL 
RESEARCH FELLOW 
-3 YEARS 


Animal Cell Biotechnology 


“he Physiology of Monoclonal 
Antibody Production by 
Hybridoma Cells 


is well recognised that the 
oductivity of antibody from 
bridoma cells is sensitive to the 
smposition of the culture medium 
ad the processes which are used to 
ow the cells in large-scale cultures. 
še have a position for a post- 
actoral Scientist/Technologist to 
dy in depth the way in which 
anges in external chemical 
rameters influence antibody pro- 
activity. Such a study will involve 
e implementation of continuous 
altures of animal cells to enable the 
lective removal and/or addition of 
vecific biochemicals. The effect of 
ich manipulations on antibody pro- 
activity will be assayed and a model 
uilt on such information will be 
sted. 







The applicant will be a recently 
ualified post-doctoral scientist/ 
chnologist who has had some 
xposure to the growth and 
<ploitation of animal cells in 
alture. He/she will have taken a first 
egree in a subject related to Micro- 
iology, Biochemistry, Chemical 
gineering, Biochemical Engineer- 
ig and will have been in contact with 
ticroprocessors so as to appreciate 
ieir use in data capture, analysis and 
rocess control. The person who rises 
9 the challenge of this problem will 
yin an active group of animal cells 
iotechnologists who are working on 
arious aspects of the growth, 
xploitation and scale-up of animal 
alls in culture. 


The post will be for a period of 
wee years. Salary will be on the 
esearch & Analogous IA scale up to 
8,450 per annum. Superannuation 
nder USS conditions. 


Applications in the form of a cur- 
culum vitae (3 copies) including the 
ames and addresses of two referees 
hould be sent to the Personnel Office 
JLG), University of Surrey, 
yuildford, Surrey, GU2 5XH, by 1 
Aarch 1985 quoting reference 
§2/N. (S465)A 





UNIVERSITY COLLEGE 
LONDON 


YEPARTMENT OF ANATOMY AND 
EMBRYOLOGY 


'‘OSTDOCTORAL POSITION 


vailable for experimental 
natomical studies of developing and 
dult brain. Experience in EM 
nd/or HRP techniques an advan- 
ige. Position available for up to 3 
zars. 


Send CV and names of 2-3 referees 
3 A R Lieberman, Department of 
natomy & Embryology, University 
‘ollege London, Gower Street, 
ondon WCIE6BT. (S461D)A 













Applied. 
Mathematicians 
and Physicists 


We are looking for Applied Mathematicians and Physicists to join 
teams engaged in both nuclear and non-nuclear projects at the Winfrith 
research establishment in Dorset. 


OIL RECOVERY RESEARCH 


As part of our non-nuclear programme we undertake oil reservoir 
simulation and enhanced oil recovery studies which form a basis for 
providing technical advice to the Department of Energy on operational and 
recovery problems in UK oil fields. 


REACTOR ASSESSMENTS AND SAFETY 


In support of the UK nuclear power programme we carry out 
modelling studies in the safety and core performance of thermal nuclear 
power reactors. 

The work in both these areas involves the formulation and 
development of physical models and the validation and application of large. 
computer codes. The studies are undertaken using the most advanced 
facilities with direct access to IBM and CRAY computers. 

Weare looking for applicants in their mid-20’s to early 30’s with good 
honours degrees in mathematics, physics, or relevant engineering science 
disciplines, preferably with some experience in the use of large computer 
programs for modelling physical and engineering systems. Posts are offered 
in the salary range £7,960 to £12,895 p.a. depending on qualifications and 
experience. Salary scales inthe Authority are currently under review. Some 





























































WA374/2, to: 


Dorset DT2 8DH, 





assistance with relocation expenses may be available. 

Winfrith is situated in delightful rural surroundings close to the Dorset 
coast. There are excellent recreational and residential amenities in the 
surrounding areas from Bournemouth to Dorchester and Weymouth. 

Applicants should write for an application form, quoting reference 


Appointments Board ‘A’, Personnel Branch, AEE Winfrith, Dorchester, 


or telephone Dorchester (0305) 63111 Ext. 3049. 
Closing date for applications: 28th February 1985. 


(5490)A, 


WomlFeotin 








A POSTDOCTORAL POSITION 
available immediately to study the 
regulation of angiotensin-catechola- 
mine interactions in the brain at the 
cellular level. Experience in HPLC, 
cell culture, neurochemical, and other 
biochemical techniques is desirable. 
Send résumé and names of three refe- 
rences to: Dr Mohan K Raizada, 
Department of Physiology, College of 
Medicine, Box J-274 JHMHC, 
University of Florida, Gainesville, Fla 
32610 or telephone: 904-392-3791. 
(NW1478)A 









Department of Connective Tissue Research 


THREE POST-DOCTORAL POSITIONS 


Are available for the study of structure and function of extracellular” 
matrix proteins and their cell receptors. : 


Experience in protein chemistry and/or recombinant DNA technology 
is desirable. 


The appointments are supported by DFG (Deutsche Forschungs- 
gemeinschaft) grants for initially two years. ; 
Applications with CV and the names of two referees should b 
sent to Professor Kiaus Kühn, Max-Planck-Institut fu 
Biochemie, D-8033 Martinsried bei München, FRG. (W1631)A 






















RESEARCH 
ASSOCIATESHIPS 


¿Research Associateships tenable for one to three years are 
“available at the Royal Greenwich Observatory. The research 
programme of the Observatory is broad, comprising 
Extragalactic, Galactic, Stellar and Solar System astronomy, 
„and the development of new astronomical instrumentation and 
data-handling capabilities. in this round, applications from 
candidates researching in fields of stellar 
-atmospheres/interactive binaries/high-energy astrophysics 
will be viewed with particular interest; however, applications in 
-any field of the Observatory’s research will be considered. 
Successful applicants will be expected to work closely with staff 
members and to participate in the overall programme of the 
Observatory. The main thrust of this is towards equipping and 
running the major new Observatory on the Roque de los 
Muchachos on the island of La Palma. Every encouragement 
“will be given to research involving the RDLM Observatory, other 
telescopes and satellites funded by the SERC and major 
verseas observatories. 

The appointments may be at Junior, Senior or Principal 
Research Fellow level. Candidates should have a good honours 
“degree; for Junior Fellowship, candidates must have completed 
a doctoral degree or equivalent before appointment. For Senior 
ellowship, at least one year of research beyond completion of a 
«doctoral degree is required. Principal Research Fellowships are 
reserved for candidates of the highest scientific calibre who 
must have achieved an international reputation in their 
-particular field, and candidates must demonstrate that they 
_ have engaged in fruitful research for a considerable period. All 
sandidates must be able to take up the appointment before 1 
October 1985. 

The stipened offered will depend on qualifications and 
xperience, within the ranges: 
unior Research Fellow 
Senior Research Fellow £9,977 — 11,220 

tincipal Research Fellow £12,252 — 15,573 

Application forms, and details of current research 
rogrammes of the RGO, are available from Mrs J 
Brooke, Royal Greenwich Observatory, Herstmonceux 
Castle, Hailsham, East Sussex BN27 1RP, England. 
Application forms accompanied by a description of a 
}roposed programme of research must be returned by 1 
i (5492)A 























































£7,334 — 8,722 










Royal Greenwich 
Observatory 








SYDNEY — AUSTRALIA 
THE UNIVERSITY OF NEW SOUTH WALES 


POST DOCTORAL POSITION IN 
BIOCHEMISTRY (REF. 4) 


The position is funded for three years by the National Health and 
Medical Research Council of Australia. Research will involve the 
“purification and study of the properties of enzymes involved in esterifi- 
cation-deesterification of steroid hormones in target tissues. 
Applicants should have a PhD with experience in modern techniques of 
protein purification. 


_ SALARY RANGE: $A21,411 - $A24,528. 

-Please apply in writing, including curriculum vitae and names 

“and addresses of two academic referees, to: 

Associate Professor J.B. Adams, School of Biochemistry, 

~ University of New South Wales, P.O. Box 1, Kensington, N.S.W. 
2033. Australia. 

Applications close 14 March 1985. 

Equality of employment opportunity is University policy. 

(WI633)A 


















































COUNCIL 
(Commissioned Research 
-Contract Posts) 


ENTOMOLOGISTS 


Applictions are invited for three 
contract posts with the Nature Con- 
servancy Council. 


One post (Higher Scientific 
Officer) based within NCC South 
Region will be responsible for 
identifying the conservation 
measures required to safeguard 
important butterfly sites in Southern 
England. This post is for two years 
starting Ist April 1985, with a 
possible extension for a further year, 
and possession of a current driving 
licence is essential. 


Two posts (Scientific Officer) 
based in Peterborough for two years 
starting June 1985, responsible for 
compiling an entomological biblio- 
graphy. 


Qualifications: Candidates should 
have a first or second class honours 
degree, or equivalent, in zoology with 
an emphasis in entomology for 
appointment of Scientific Officer. 
For the appoint of Higher Scientific 
Officer, at least two years relevant 
postgraduate experience is required. 
Those with a degree or equivalent, of 
a different nature must be able to 
demonstrate adequate entomological 
knowledge. 


Salary: Scientific Officer £5,909 
per annum. Higher Scientific Officer 
£7,435 per annum. 


The NCC is an equal opportunity 
employer. 


Application forms and further 
details are available from: Mr N 
Kettell, Personnel I, Nature Con- 
servancy Council, Northminster 
House, Northminster, Peterborough 
PE! IUA. 


The closing date for receipt of 
application forms is Ist March 1985. 
(S469)A 


HERIOT-WATT 
UNIVERSITY 


DEAPARTMENT OF 
MATHEMATICS 


CHAIR IN MATHEMATICS 


Applications are invited for a Chair 
in Mathematics. Applicants should 
have acknowledged ability both 
research and teaching and be able to 
contribute to all aspects of depart- 
mental activity. Current research 
interests in the Department are in the 
fields of algebra, analysis (pure and 
applied), differential equations, 
continuum mechanics, control theory, 
numerical analysis, nonlinear wave 
theory, and stochastic processes. The 
Department offers degree courses in 
mathematics and in addition has a 
| large commitment to service teaching. 


Further particulars and application 
forms are available from 
Secretary, Heriot-Watt University, 
Chambers Street, Edinburgh, EHI 
1HX, (please quote Reference No 
11/85), to whom completed 
application forms should be returned 
by 18 March 1985. (S473)A 





the | 














SEARCH CENTRE. 
PARK HOSPITAL) 
WATFORD ROAD, HARROW 
MIODX HAT 3UJ 


NON CLINICAL/ 
SCIENTIST 


“Therapeutics in the elderly” is 
a newly formed Research Group 
within the Division of Clinical 
Sciences. The CRC Group con- 
sists of one clinical scientist, Dr. 
Sylvia Dobbs, a scientist with ex- 
pertise in assay techniques for 
drugs and their metabolites (post 
currently vacant) and a technician. 
The work is being carried out 
in liaison with clinical staff at Nor- 
thwick Park Hospital. 

The aim of the Group is ra- 
tionalisation of drug therapy in the 
elderly. A current research project 
involves measurement of L-dopa 
and its metabolites in biological 
fluids: it is essential that the suc- 
cessful candidate has HPLC 
experience. Applicants should be 
postdoctoral biochemists/chem- 
ists, or have equivalent research 
experience. 

The appointment is for three years 
in the first instance, commencing 
in April 1985. 

Salary within the range £10, 153 - 
£16,158 pa inclusive, depending 
on qualifications and experience. 
Informal enquiries may be made 
to Dr. Dobbs 01-864 5311 Extn 
2676. 

Application forms and further 
details available from Miss B. 
Shaw, Personnel Department. 
Please quote reference no. 
111/1/4344. 

Closing date for applications 
7th March 1985. 






METAMORPHIC 
PETROLOGIST 


University of New Brunswick 


The Department of Geology 
invites applications for a tenure- 
track faculty position in meta- 
morphic pence. at the assist- 
ant professor level. We are seek- 
ing a field-oriented petrologist 
with microprobe experience to 
compliment our existing pro- 
grams in petrology and tectonics. 
he successful candidate is 
expected to participate in all 
aspects of teaching and advising 
at the graduate and under- 
graduate level as well as maintain- 
ing an active research program. 
The Department houses a variety 
of facilities for petrologic research 
including automated x-ray dif- 
fraction and fluorescence units 
and an automated atomic absorp- 
tion spectrophotometer. Other 
analytical services are available 
on campus including transmis- 
sion and scanning electron 
microscopy units. 
The position will commence 
as soon as a qualified appli- 
cant is found. PhD required. 
Rank and salary will be 
commensurate with experi- 
ence and qualifications. 
Letters of application includ- 
ing a statement of current and 
future research, as well as a 
curriculum vitae, bibliography 
and three letters of reference 
should be sent to Dr. P.F. 
Williams, Chairman, Depart- 
ment of Geology, University 
of New Brunswick, Freder- 
icton, New Brunswick E3B 
5A3, Canada. INW1448}A 





E AUSTRALIAN 
TIONAL UNIVERSITY 


ations are invited from suit- 
qualified men and women for 
intment to the following 


esearch School of Physical 
Sciences 
POSTDOCTORAL OR -- 
RESEARCH FELLOW IN: 
OLLOID AND SURFACE 
SCIENCE — (30541) 
itions are available in the Depart- 
ut of Applied Mathematics for 
yretical and experimental studies 
ae general area of colloid and sur- 


= science, in particular surface - 


zes in liquids, surfactant a 

a and membrane biophysi 

ctive applicants: may see 

en from. Dr FON ichvili 

vad of. Department), Professor B 
nham or Drs S Marcelja andDJ 

chell, 


Applications frou persons able to 
je leave of absence from their own 
itutions will be welcomed. 


POSTDOCTORAL OR 
RESEARCH FELLOW IN 
ISION RESEARCH (30542) 
* successful applicant will join a 
Mtidisciplinary team, led by 
afessor A W Snyder, in the Depart- 
nt of Applied Mathematics (Head 
J N Israelachvili, FAA) collab- 
ting with the Departments of 
ysiology, John Curtin School of 
dlical Research, and of Neurobio- 
y, Research School of Biological 
ences, on neural principles in 
ion, and should have a. strong 
‘kground in human psychophysics 
l a keen interest in developing the 
neiples of visual information 
cessing. 

Applications from persons able to 
ie leave of absence from their own 
titutions will be welcomed. 


-onditions of Appointment: 
ary will be in accordance with 
ilifications and experience within 
: ranges: Research Fellow 
24,840 — $32,634 pa; Postdoctor- 
Fellow Grade 1 (at a fixed point) 
21,411 — $24,528 pa. 
Appointment, unless otherwise 
ted, will be: Research Fellow for 
to three years initially with the 
ssibility of extension, after review, 
maximum of five years; Postdoc- 
al Fellow for one or two years 
dally with possibility of extension 
naximum of five years. 

Srants are provided towards travel 
1 removal. Assistance towards 
ising is given to an appointee from 
‘side Canberra. Eligible appoint- 
will be required to join the Super- 
tuation Scheme for Australian 
iversities. Maternity leave is avail- 
e. The University reserves the 
yt not to make an appointment or 
make an appointment by invitat- 
at any time. 

*rospective applicants are encour- 
d to write to the Acting Registrar, 
stralian National University, 
'O Box 4, Canberra, ACT 2601, 
stralia, or the Secretary General, 
sociation of Commonwealth Uni- 
sities (Appts), 36 Gordon Square, 
adon WCIH OPF, for further 
ticulars before submitting appli- 
ions, which close with the Acting 
zistrar on | May 1985. 

She University is an Equal Oppor- 
ity Employer. (WI638)A 



























NIVERSITY OF WAIKATO 
Hamilton, New Zealand 


LECTURER IN BIOLOGICAL 
SCIENCES (GENETICS) 
Vacancy A85/4 


The University of Waikato invites 
applications for a lectureship in gen- 
etics within the Department of Bio- 


“logical Sciences. The Department 


currently has 15 academic staff teach- 
ing general Biology at first year, and 


specialised courses in all major disci- 


plines at second and subsequent 
years. Over 60 research students are 
currently enrolled for higher degrees 
in Biology (M Sc and D Phil) with 


4-particularly active groups in animal 

“physiology, microbiology, biochem- 
istry, thermophilic enzymes, plant 
‘|. eco-physiology and limnology. 


Applicants should hold a postgrad- 


-Uate qualification in genetics and be 


able to participate in the teaching of 
general undergraduate genetics cour- 
ses as well as in other areas of their 
speciality. 

Prospects for collaborative re- 
search within the Department and 
local research institutions are excell- 
ent and the successful applicant will 
be encouraged to develop research 
programmes allied to current Depart- 
mental strengths. Research areas 
which would be particularly encour- 
aged are in bacterial genetics, in mod- 
ern plant genetics or in plant breed- 
ing, particularly as it applies to horti- 
cultural and crop plants. 


Enquiries of academic nature may 
be made to Professor W.B. Silvester, 
Head of Biological Sciences, Univer- 
sity of Waikato. 


The current salary range for Lec- 
turers is NZ$21,660 — $25,684 per 
annum plus NZ$416 per annum cost- 
of-living allowance. 


Interested applicants should 
obtain further details from the Regis- 
trar, University of Waikato, Private 
Bag, Hamilton, New Zealand, or 
from the Secretary General Associa- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH OPF. 

Equality of employment opportunity 
is University policy. 

Applications close with the Registrar 
on | April 1985. (WI639)A 


AMERICAN UNIVERSITY 
OF BEIRUT 
DEPARTMENT OF GEOLOGY 


GEOLOGY 
PROFESSORSHIPS 


Applications are invited for tenure- 
track faculty positions available 
October 1, 1985 in following fields: 
Stratigrapher — sedimontologist/ 
structural geologist. Doctorate re- 
quired. Appointments normally made 
for three-year period with rank of 
Assistant Professor. Post-doctoral 
experience preferred. Department has 
faculty of 3 lines, undergraduates BS 
program and MS graduate program 
with thesis. 


Interested persons may send 
CV and inquiries to: Chairman, 
Department of Geology, American 
University of Beirut, Beirut, Lebanon. 

(NW 1480)A 


THE WORLD HEALTH ORGANIZATION 
invites applications for the post of 


MEDICAL 
OFFICER 


with the Division of Noncummunicable Diseases, 
Cardiovascular Diseases Unit, at its. 
Headquarters, Geneva. The incumbent will be 
responsible for development, coordination and 
management of assigned areas of the 
Organization's programme in cardiovascular 
diseases. The current major programme areas 
include: control of hypertension; CVD prevention 
and control in the context of primary health care: 
prevention of rheumatic fever and rheumatic 
heart diseases; prevention of coronary heart 
diseases; primordial prevention of cardiovascular 
diseases; atherosclerosis precursors, and 


cardiomyopathies. 

QUALIFICATIONS: A degree in medicine with 
specialization in internal medicine. Additional 
training in cardiology, especially preventive 


aspects, or in public health (epidemiology) with 
special reference to cardiovascular disease 
prevention and control. Specialization in 
cardiology an asset. 


Candidates should have postgraduate experience 
in the organization of community cardiovascular 
disease research. Postgraduate experience in 
Clinical cardiology desirable. Good and | 
experienced organizer, administrator and 
technical negotiator. Experience in international 
cooperative projects and specifically in WHO 
work an asset. Excellent knowledge of English or 
French, with a working knowledge of the other 
language. 

The salary ranges from US$ 46,841 (single) and 
from US$ 50,705 (with dependents) net of tax per 
annum. 


Applications are invited from candidates of either 
sex — applications from women are encouraged. 
Qualified candidates should send their detailed 
curriculum vitae not later than mid-March 
quoting “CVD/85” to: 
Personnel (MPR) 
World Health Organization 
CH — 1211 Geneva 27 

Only those candidates under serious 


consideration will be contacted. 
W1630A 








Medical Faculty of the Johannes Gutenberg - 
University Mainz/W.Germany. 

The Medical Faculty of the Johannes Gutenburg 
- University of Mainz/W.Germany offers the 
position of 


Senior Scientist 
(Professor C 3) for 


Experimental Pathology 
of the oral cavity 


(“Experimentelle Zahnheilkunde”) 


The candidate is expected to establish a research 
group dealing with the biological basis of 
periodontal disease. Previous training in general 
pathology, medical microbiology and/or im- 
munology is a prerequisite. Cooperation with 
the clinical department of Dental Diseases as 
well with the institutes of Medical Micro-biology 
and of Immunology is offered.’ 


Candidates should have the doctorate either in 
Dentistry or Medicine or the Ph.D. as well as 
additional qualifications comparable to those of 
an associate professor. Basic German is 
desirable but not essential. The position as well 
as the budget are tenable for five years. The 
budgetary situtation can cope with high 
standards. 


Applications should be sent to the Dean of the 
Medical Faculty, Johannes Gutenberg- 
University, Am Pulverturm 13, 6500 
Mainz/W.Germany. Deadline 4 weeks after this 
advertisement. W1624A 








DEPARTMENT OF PLANT GENETICS 
WEIZMANN INSTITUTE OF SCIENCE, ISRAEL 


TENURE AND 
TENURE-TRACT POSITIONS 


Seeking plant biologists in the fields of molecular biology, biochemistry, 
physiology, genetics, virology. Candidates for post-doctoral and career- 
development awards as well as professorial appointments will be con- 
sidered. Individuals with an excellent research record in the plant 
sciences, a high level of interaction with others and a desire to live in 
israel are invited to apply. 

* Applications, including résumé, statement of research interests and 
addresses of 3 references, should be sent to Prof. Esra Gaiun, Chair- 
man, Dept. of Plant Genetics, Wiezmann Institute of Science, Rehovot 
76100, Israel. (W1622)A 





BOURN HALL CLINIC 
Bourn, Cambridge 


Reproductive 
Endocrinologist 


Applications are invited from recently qualified Ph.D. students for the 
~ post of Reproductive Endocrinologist. This is a new post and the person 
appointed will be required to assist in the day to day clinical work carried 
~ Out by the Endocrinology Department. The appointee will also be 
-. expected to carry out research on topics related to in vitro fertilisation. 


Preference will be given to reproductive endocrinologists with post 
graduate experience in cell culture and hormone receptor studies. 


Prospective candidates may wish to discuss the appointment with Dr. 
R. G. Edwards or Dr. C. M. Howles prior to applying. Telephone: 0223 
315955. 


Applications in the form of a curriculum vitae {in triplicate) and 
the names of 3 referees should be sent to Mr. W. Hunter, Bourn 











PA PROFESSOR OF 
BIOCHEMICAL ENGINEERING 





Applications are invited for the recently established PA Professor- 
ship of Biochemical Engineering. This post is sponsored by PA 
Technology and PA Management Consultants and is intended to 
develop a major new initiative in research and teaching activities 
in biochemical engineering within the School of Chemical 
Engineering. Candidates should preferably have had experience 
both in industry and in an academic environment and should be 
professionally qualified in chemical engineering. 


The person appointed would be expected to make a major 
contribution to research in biochemical engineering and lead a 





nucleus of staff engaged in research and teaching. 
Salary will be within the professorial range (minimum currently 


£18,070 per annum). 


Further particulars can be obtained from the Personne! Officer, 
University of Bath, Bath BA2 7AY. 


Closing date for applications: Friday 22nd March 1985. 


UN 


(5444), 








THE NATIONAL HOSPITAL 


INSTITUTE OF 
NEUROLOGY 
AND INSTITUTE OF 
CANCER RESEARCH 


LECTURER IN 
NEURO-ONCOLOGY 


Applications are invited for this new 
post funded primarily by the Brain 
Research Trust. The appointee will be 
responsible for promoting teaching 
and research in neuro-oncology and 
particularly in the field of malignant 
cerebral glioma. 


Salary will be £7,520 — £14,925 
plus £1,223 London Allowance but 
the starting salary will be within the 
first five points of the scale. 


Further particulars may be obtain- 
ed from the Secretary, Institute of 
Neurology, The National Hospital, 
Queen Square, London, WCIN 3BG, 
to whom applications should be for- 
warded by 28 February, 1985. 

(5434)A 





UNIVERSITY OF OXFORD 


DEPARTMENT OF AGRICULTURAL 
SCIENCE 


SOIL CHEMIST 


A post-doctoral research assistant 
with experience of soil chemistry and 
the simulation of complex dynamic 
systems is required from 1 April or as 
soon as possible thereafter to carry 
out research on the development and 
testing of a model of nitrogen losses 
from soil by ammonia volatilization. 
The post is for two years on salary 
scale 1A. 

Applications, including a 
curriculum vitae and names of two 
referees, should be sent by 15 March 
to the Administrator, Department of 
Agricultural Science, Parks Road, 
Oxford, OX13PF. (S458)A 





UNIVERSITY OF KEELE 


DEPARTMENT OF BIOLOGICA 
SCIENCES 


DEMONSTRATORSHIP 


Applications are invited for the p 
of Demonstrator; initially for 1 y 
from April Ist, 1985 or as soon 
possible thereafter, at a salary 
£6,600 per annum, together w 
membership of USS. 


Candidates should have a gc 
degree in a biological scien: 
preferably with some research a 
teaching experience. An ability 
assist in first year classes in geneti 
plant biology and ecology is essenti 


Applications from candidates w 
research interests in plant biolc 
parasitology or behavioural ¢ 
docrinology will be given preferer 
but other areas are not excluded. 


Further particulars and applicat: 
forms from the Registrar, Univers 
of Keele, Keele, Staffs. ST5 5BG 
whom completed application for 
should be returned before March 1 

(5447)A 


MOLECULAR BIOLOGIS1 


To work in the areas of gene mai 
pulation and phage expression vect 
development with the goal of prodi 
ing novel animal viruses. 





The candidates must have, as 
minimum, receipt of a PhD in Mo 
cular Biology, 2 years exp as 
research assistant, associate 
scientist, and thorough knowledge 
and substantial experience in both t 
manipulation of herpes virus DN 
and the development of phage expri 
sion vectors of Bacillus Subtilis. 


If offered employment, must shc 
legal right to work. Salary: $33,0 
per year. Job site San Diego. 


Send this ad and your résumé 
Job 2794, PO Box 865, Sacrament 
California 95804, not later th: 
February 24, 1985. (NWI48DA 








Head of Cardiovascular Research 


Arare opportunity to manage a team of 20 scientists 


in a leading international company 


deeply committed to innovative research. 


c.£22,000 + Car 


Our search, on behalf of this multi-national pharmaceutical company, is for an active scientist capable of 
both leading a team and making a powerful personal contribution to new research programmes. 


With the company’s current substantial commitment to the cardiovascular area, your role will be to 
manage and maintain this effort and to develop new areas in broader cardiovascular fields. Reporting to 
the Director of Biology, you will have responsibility for your section and access to the outstanding 
scientific facilities at the Hertfordshire based UK Research Division and Headquarters. 


Your background and strengths are likely to be in carrying out, and possibly also organising, high 
quality cardiovascular research in industry. Additionally you will need the confidence and peer group 
credibility to lead and manage a highly professional team of 20 scientists. 


Please write to me enclosing a CV and giving an indication of recent 
salary progression. Your details will be passed in confidence to our 


client unless you specify otherwise. Richard Goldie, 
Macmillan Davies, The Old Vaults, Parliament Square, 
Hertford, Herts. SG14 1PU. Tel: (0992) 552552. 







Herts 


Macmillan | 
Davies 





Macmillan Davies International Search Executive 


{5494)A 








THE UNIVERSITY OF 
LEEDS 


ASTBURY DEPARTMENT OF 
BIOPHYSICS 


POST-DOCTORAL 
RESEARCH FELLOW 


əplications are invited for the above 
ist for work on oxidative enzymes 
ntaining copper. The project in- 
Ives isolation of enzymes (amine 
idase and galactose oxidase initially) 
d previous experience in enzymo- 
xy is desirable. According to the 
pertise and interests of the ap- 
intee, the project will progress to 
idies on the protein structures 
-ray crystallography, magnetic re- 
nance spectroscopy) and modifica- 
m of the structures by directed 
atagenesis. 


A good honours degree and a 
evant PhD or equivalent experience 
e required. 


The post is available immediately 
ra fixed term of up to three years. 


Salary on the 1A Range for Re- 
arch and Analogous Staff (£7,520 
£12,150) according to age, quali- 
‘ations and experience. 


Application forms and further par- 
‘ulars may be obtained from the 
2gistrar, The University, Leeds LS2 
T quoting reference no 42/8. 
osing date for applications 7 March 
85. (S476)A 








MEDICAL RESEARCH 
COUNCIL 
Radiobiology Unit, Harwell, 
Didcot, Oxon, OX11 ORD 


Division of Cell and 
Molecular Biology 


Applications are invited for a 


RESEARCH OFFICER 


with a degree or HNC/HTEC in bio- 
chemistry, molecular biology or 
microbiology. The successful ap- 
plicant will join a team investigating 
the nature and consequences of DNA 
damage using recombinant DNA 
techniques and, although the post 
would suit a new graduate, experience 
in DNA biochemistry and/or molecu- 
lar biology would be an advantage. 


Qualified candidates who lack 2 
years relevant post-graduate experi- 
ence will be appointed initially to the 
Technician grade and will be con- 
sidered for transfer to the Research 
Officer grade when they have gained 
2 years experience. 


Initial salary according to qualifi- 
cations and experience on the scale 
£5,738 — £8,096 pa for a Technician 
and £6,483 — £8,492 pa for a 
Research Officer. 


Application should be made with 
full particulars to the Personnel 
Officer at the above address. Further 
details may be obtained by phoning 
Drs Roger Cox or John Thacker on 
Abingdon 834393. (5472)A 





UNIVERSITY OF MANITOBA 


DEPARTMENT OF IMMUNOLOGY 


POST-DOCTORAL FELLOWSHIPS 
RESEARCH ASOCIATESHIPS 


For candidates with experience for studies of in vitro cellular responses, 
immunochemical isolation and characterization of cell receptors or. 
allergens, chemical modification of proteins, or cDNA technology. The 
above position(s) will be held within the M.R.C. Group for Allergy: 
Research and the competition is open to Canadian and non-Canadian 


mer’ ASSISTANT/ ASSOCIATE 
PROFESSORSHIP 


For candidate with strong record in application of cDNA technology to’ | 
research in immunology; capability to teach immunogentics an asset. 
The successful candidate will be expected to develop collaborative: 
research programs with members of the M.R.C. Group in addition to. 
his/her personal projects and may qualify for full membership as one of 
the Principal investigators of the Group. 

The University of Manitoba is an equal opportunity employer but in.. 
accordance with Canadian immigration requirements, for this position, © 
priority will be given to Canadian citizens and permanent residents of 
Canada; however, others are also encouraged to apply. 

The Department of Immunology is a separate department in the Faculty 
of Medicine with a full graduate (M.Sc. & Ph.D.) program and is.” 
equipped for work in all areas of basic and clinical immunology 
including a hybridoma unit and a cell sorter. 
Applicants are invited to send a complete C.V., brief outline of- 
research experience and/or proposed research, and names of 
three references of Prof. A. Sehon, Head, Dept. of Immunology 
and Director, M.R.C. Group, 730 William Ave., Winnipeg, 
Manitoba, Canada, R3E OW3. (Telex: 07-587721 U. OF M. FOR 
IMMUNOLOGY; Telephone: [204] 786-3518.) For applicants in 
Europe, interviews may be arranged in Paris prior to March 31, 
1985. (NWAI GA 





































































The duties include: 


in Europe, 


results of these trials. 


be an asset. 


added advantage. 





SOUTH MANCHESTER 
HEALTH AUTHORITY 


CHRISTIE HOSPITAL & 
HOLT RADIUM INSTITUTE 


PATERSON 
LABORATORIES 


DEPARTMENT OF IMMUNOLOGY 
TECHNICIAN 


A, vacancy is available immediately 
for a technician to work in the above 
department, which is supported by a 
Programme Grant from the Cancer 
Research Campaign. The successful 
applicant will assist in the im- 
munohistochemical analysis of human 
tissues using a variety of monoclonal 
antibodies, to oncogene products, 
MHC determinants and leucocyte 
differentiation antigens, etc on 
histological sections of cytocentrifuge 
preparations. 


Candidates should possess a degree 
inthe Biological Sciences, preferably 
with experience in histological or 
eytochemical techniques. Initial salary 
Il be in the range £5,738 — £8,096 
pending on age and experience, and 
appointment will be initially for 
years. 


















































r, Department of Immunology, 
erson Laboratories, Christie 
ospital, Wilmslow Road, Man- 
lester. M20 9BX. G4SDA 








Zyma SA, a medium-size drug company based in 
Switzerland (in Nyon, on Lake Geneva), with 
expanding international activity, is seeking a 


Medical Research Assistant 


for its department of vascular research. 


1. the monitoring, under the supervision of the 
medical department, of clinical trials, mainly 


2. the planning of drug development, 
3. the biomedical statistical evaluation of the 


Candidates: University degree in relevant 
disciplines, e.g. Public Health (Epidemiology), 
Statistics, Natural Sciences. 

Any previous experience in planning and logistics 
of drug development, in clinical trial design and 
monitoring and/or biomedical statistics would 


Languages: English and French with German as an 


We offer an interesting position with opportunities 
of development and favorable conditions. 


If you are Swiss or hold a valid work permit please 
send a handwritten application to Zyma SA, 
Relations humaines, Mr. Erné, CH-1260 Nyon. 












W1628A 































UNIVERSITY OF LONDON 
KING’S COLLEGE LONDON 
(KQC) 


DEPARTMENT OF ANATOMY AND 
HUMAN BIOLOGY 


RESEARCH ASSOCIATE 


Applications are invited for the above 
position to study the interaction bet- 
ween biogenic amines and neuropep- 
tides in the context of neuroendocrine 
regulation. The work, which is fund- 
ed by the MRC for three years, will 
involve radioimmunoassay, HPLC 
with electrochemical detection, 
stereotaxic surgery and im- 
munohistochemistry at the light and 
electron microscopical levels. Exper- 
tise in one of more of these techniques 
is necessary. 


Preference will be given to ap- 
plicants who already possess a doc- 
toral degree. The position is available 
immediately. 


Salary will be on Research Scale 1A 
(starting at £7,520 — £8,920 pa accor- 
ding to age and experience) plus the 
London Allowance (£1,233 pa). 


Applications, including the address 
and telephone number of three 
referees, should be sent to Dr Clive 
Coen, Department of Anatomy and 
Human Biology, King’s College Lon- 
don, Strand, London WC2R 2LS, by 
February 25th, 1985. (5435)A 






NIVERSITY OF GLASGOW 
DEPARTMENT OF MICROBIOLOGY 
POST-DOCTORAL 

POSITION 


Applications are invited for a post- 
doctoral position to study the 
isolation, characterisation and role in 
pathogenicity of heat-labile toxin of 
Bordetella pertussis. This is an imme- 
diately available MRC-funded post 
and the successful applicant would be 
joining an established pertussis re- 
search group of about 12 people. The 
position is available for 3 years salary 
will be at an appropriate point on the 
Research 1A Scale. 


Applications, including Curriculum 
Vitae and the names of 3 referees 
should be sent to Dr J H Freer, 
Department of Microbiology, Univer- 
sity of Glasgow, Anderson College, 
56 Dumbarton Road, Glasgow, G11 
6NU, UK from whom further particu- 
lars may be obtained (Tel 041-339 
8855 Ext 602). (5479A 


UNIVERSITY COLLEGE 
LONDON 


DEPARTMENT OF CHEMISTRY 
LECTURER IN CHEMISTRY 


Applications are invited for a 
Lectureship in the Department of 
Chemistry from 1 October 1985. 
Candidates should have special 
interests in teaching and research in 
organic chemistry or in biological 
chemistry or in both. It is expected 
that the appointment will be made 
within the lower part of the lecturer 
salary scale (£7,520 - £14,925 plus 
£1,233 London Allowance.) 

Further particulars obtainable 
from the Assistant Secretary 
(Personnel), University College 
London, Gower Street, London 
WCIE 6BT and applications (6 
copies if possible) should reach him 
on or before 8 March 1985. 

(S462)A 


SCHOOL OF MEDICINE 
State University of New York 
DEPARTMENT OF BIOCHEMISTRY 


ASSISTANT PROFESSOR 


The Department of Biochemistry, 
School of Medicine, State University 
of New York at Stony Brook (SUNY), 
has a tenure-track position available 
at the assistant professor level, be- 
ginning Fall, 1985. Applications are 
welcome from persons with an 
outstanding potential for research as 
well as a talent for teaching. 


Applicants should send a complete 
curriculum vitae with reprints, re- 
search interests and names of three re- 
ferences to Dr Masayori Inouye, 
Chairman, Department of Bio- 
chemistry, SUNY Stony Brook, Stony 
Brook, NY 11794-5215. 


Application deadline: April 15, 
1985. 


SUNY Stony Brook is an affirma- 
tive action/equal opportunity 
educator and employer. AK 27A-85. 

(NWI1475)A 








MEDICAL COLL 
(University of London) 
DEPARTMENT OF PHYSIOLOGY 


POST-DOCTORAL 
RESEARCH FOLLOW | 


Applications are invited for the Pt 
of Research Fellow to work on. 
MRC funded project relating to @ 
serotonin function in the spinal coy 
A PhD in neuroph¥siology/Neut 
pharmacology, plus experience 
extracellular recording techniqru 
and/or pharmacology of seroton 
would be an advantage. 


The project is funded for a peri 
of two years in the first instan 
Salary within the University 
London Range IA £7,520 to £10,2 
plus £1,233 London Weighting. 


Application forms are availa 
from the Assistant Secretary (P 
sonnel) The London Hospital Me 
cal College, Turner Street, Lond 
EI 2AD Tel: 01-377 8800 Ext 12/ 
and should be returned within 21 di 
of this advertisement. Inforn 
telephone enquiries to Dr J Mill 
Department of Physiology. 

5468 


THE CHICAGO MEDICA 
SCHOOL 


DEPARTMENT OF BIOLOGICA 
CHEMISTRY 


POSTDOCTORAL POSITIC 


IN NEUROSCIENCE 


available immediately. The individ 
will use immunocytochemi 
methods to study the synar 
circuitry of defined retinal neurc 
Experience with basic morpholog: 
and biochemical techniques 
desirable. Salary support is availa 
for at least 3 years. 


Applicants should send curricul 
vitae to: Dr Christopher Brand 
Department of Biological Chemis 
and Structure, The Chicago Med: 
School, 3333 Green Bay Road, Nc 
Chicago, Hlinois 60064.(NW1477)é 


RESEARCH ASSOCIATE 
IN NEUROBIOLOGY 


Three grant-funded positions 
available, each for 3 years, 
research on modulation and learn 
mechanisms in identified ins 
neurons. Two positions require a ¢ 
torate and demonstrated ability to 
multiple intracellular electrodes, ] 
ferably in insect ganglia. The othe) 
quires experience in light and elect 
microscopy and preferably als 
serious interest in 3-D compi 
imaging from serial section. 


Salaries are negotiable and wil 
commensurate with experience . 
education. Closing date is Marc] 
1985, 


Applications should be forwar 
to Prof Graham Hoyle, Institut 
Neuroscience, University of Oreg 
Eugene, Oregon, 97403. The UOi 
AA/EO employer. (NW1479), 












SCIENCE AND 
TECHNOLOGY 
“JEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


quired to work on a CRC funded 
woject to investigate the molecular 
mology of genes essential for the cell 
wcle in Drosophila. Previous 
xperience in either recombinant 
WNA techniques, Drosphila genetics 
jw in the use of monoclonal anti- 
podies in cellular and molecular 
ology would be an advantage. 


Salary on RAIA scale £7,520 
£12,150 plus £1,233 London 
Allowance. 









Applications with full CV and 
iames of two referees should be sent 
D: Dr D M Glover, Cancer Research 
campaign, Eukaryotic Molecular 
Jenetics.. Research Group, Depart- 
went of Biochemistry, Imperial 
Zollege, London SW72AZ. (5463)A 





UNIVERSITY OF BRISTOL 
Postdoctoral Biochemistry 


Applications are invited 
for the post of 


RESEARCH ASSISTANT 
(Range 1A) 


rom biochemists possessing a PhD 
and having experience in peptide bio- 
hemistry. The post is funded by the 
ARC until October 1987, commen- 
ing as soon as possible. The 
uccessful applicant would join a 
eam studying the biochemistry of 
arian peptides, primarily relaxin 
ind oxytocin. Salary will be in the 
ange £7,520 to £8,920 according to 
xperience. 


Applications, with full curriculum 
‘itae and the names and addresses of 
wo referees, should be addressed to 
»rofessor D G Porter, The Medical 
school, University of Bristol, Bristol 
388 ITD, from whom further par- 
icularsmaybeobtained. (5464)A 


YALE UNIVERSITY 
School of Medicine 


DEPARTMENT OF THERAPEUTIC 
RADIOLOGY 


ASSOCIATE RESEARCH 
SCIENTIST 


To establish the molecular 
mechanisms involved in carcinogen 
induced mutagenesis in mammalian 
cells, Candidates must have PhD in 
Biochemistry or Molecular Biology 
in addition to prior experience in 
damage and repair of bacteria and 
bacteriophage systems as well as in 
eukaryotic systems. Full-time 
position with annual salary of 
$23,000. 


Interested applicants should 
submit their résumés to: Yale 
University School of Medicine, Dept 
of Therapeutic Radiology, PO Box 
3333, New Haven, CT 06510. Att: C 
Staehly. Yale University is an Equal 
Opportunity/Affirmative Action 
Employer. (NW 1486)A 











WESTERN AUSTRALIA 
Perth 


LECTURESHIP IN 
NUMERICAL GEOLOGY 
(FIXED TERM) 


Applications are invited for a three 
year fixed term Lectureship in Nu- 
merical Geology. The department 
wishes to place increased emphasis on 
quatitative aspects of geology, and 
the appointee will be expected to de- 
velop this field. In particular, he or 
she will be responsible for designing 
and teaching courses in the geological 
applications of computers and of 
techniques for numerical analysis 
and modelling, at senior undergradu- 
ate and postgraduate level. There will 
be opportunities for research, prefer- 
ably in collaboration with other staff 
and postgraduate students. 


Applicants should have a higher 
degree, or equivalent qualifications, 
in a branch of geoscience, adequate 
mathematics, and a strong 
background and interest in the appli- 
cations of computers to geology. 
Evidence of research aptitude, in the 
form of publications, is also 
expected. Experience in thermody- 
namic or chemical modelling in the 
fields of igeneous or metamorphic 
geology or ore genesis would be an 
advantage, but is not essential. 


Current Salary Range: $A24,840 
— $A32,634 per annum. Benefits in- 
clude superannuation, fares to Perth 
for appointee and dependent family 
and removal allowance. 


Applications in duplicate stating 
full personal particulars, qualifica- 
tions and experience and the names 
and addresses of three referees, 
should reach the Staffing Officer, 
University of Western Australia, 
Nedlands 6009, Western Australia by 
23 March 1985. 


Conditions of appointment will be 
specified in any offer of appointment 
which may be made as a result of this 
advertisement. (W1629)A 





THE UNIVERSITY OF LEEDS 


DEPARTMENT OF ORGANIC 
CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for the 
above post for work on the late stages 
of the total synthesis of the alkaloid, 
gelsemine (an SERC funded project). 
Applicants should have or shortly 
expect to receive a PhD in organic 
chemistry. The post is available 
immediately for a fixed period of one 
year with the possibility of a fixed 
term appointment of up to one year 
thereafter. 

Salary on the IA Range for 
Research and Analogous Staff 
(£7,520 — £12,150) according to age, 
qualifications and experience. 


Informal enquiries may be made to 
Dr A P Johnson (Tel 0532 431751 Ext 
6071). 

Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT quoting reference no 45/36. 
Closing date for applications 7 
March 1985. (5459A) 






















Research 
si donno: oth 


Salary range £10-15,000 


Merck Sharp and Dohme Research Laboratories is a lé 
international pharmaceutical | research organisation hi 





dedicated to Neuroscience; focussingi h ital te on ne 
inhibitory chemical messengers in the brain.and the 
neuropeptides on memory and learning. 












the data-base necessary for the study of the act 
novel therapeutics in normal and demented patient 
a position has been created which willbe res 
development of the software for micro-comp 
mechanised testing and the administration of 
a volunteer population, 















e N with ha pia of mechani: 


Applications, enclosing a full C.V. sho 
instance to:- Andrew Harley, Personnel anager, fl 
and Dohme Research Laboratories, Neuroscience ri 
Centre, Terlings Park, Eastwick Road, Harlow, Essex oma 02QR 


Closing date for applications is 10th March 1985. 












an equal opportunity employer 


MERCK 
SHARP 
DOHME 


Neuroscience Research Centre 
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UNIVERSITY OF YORK 











DEAPARTMENT OF BIOLOGY INSTITUTE 
Cancer Research Unit saa ee 
POSTDOCTORAL 
CHEMIST/MOLECULAR ANALYTICAL CHEMIST 
BIOLOGIST Commercially-sponsored . con 





developing enzyme immunoassay p 
cedures for analysis of collagen 
containing tissues. Experience in i 
munoassay and analytical procedure! 
is desirable. The successful candidat 
will be responsible for all bench wo: 
collation or results and preparation 
draft reports for the. proj 
supervisor. 


The above post is available 
immediately for a person with a 
strong interest in understanding the 
mechanisms of mutation. Candidates, 
who should have a background in 
organic chemistry or in recombinant 
DNA techniques, will be expected to 
synthesize reactive species derived 
from nitropolycyclic aromatic hydro- 
carbons, a group of ubiquitous en- 
vironmental pollutants. Such species 
will be reacted with phage and 
plasmid DNA with a view to charac- 
terising DNA adducts as well as 
studying the biological consequences 
of such reactions, Only chemists or 
biochemists interested in molecular 
biology, or molecular biologists with 
an interest in chemistry, should apply. 
The post, which is funded by the 
Health and Safety Executive, is for 
three years. 


Salary within the range £7,520 to 
£8,920 per annum. 


Three copies of applications, with 
full curriculum vitae and naming two 
referees, should be sent by 4 March 
1985 to Registrar’s Department 
(Appointments) University of York, 
Heslington, York YOI SDD. Please 
quote reference number 11/6198. 

(5446)A 






























Terms: Contract for 2 years, W 
possible extension for a further ye: 


Salary: Scientific Officer £5,909. 
£8,153. 


Higher Scientific Officer £7,435 
£10,039 depending upon qual 
tions and experience. : 












Qualifications: Science degree 
HNC or equivalent with emphasis 
biochemistry or organic chemistry 
some specialist knowledge of m 
biochemistry would be an advanta: 


















The successful candidate will be. 
pected to take up the post dur: 
April. 


Application forms quoting: f 
erence 84/36 to the Personnel Offi 
Meat Research Institute, Langford 








February, 1985. 










MRC ; — i 
Medical Research Council 
Clinical Pharmacology Unit 


Biochemical 
Pharmacologist 


: Applications are invited for a SHORT-TERM NON-CLINICAL 
= SCIENTIFIC post in this MRC Unit, tenable for 3 years in the first 
instance. Candidates with some experience will be preferred but those 
z:who are immediately postdoctoral will be considered. 


> The successful applicant will be required to study the cellular and 
_ subcellular mechanisms by which cellular pharmacological adaptive 
< responses occur. Knowledge of cell or tissue culture methods, 
< radioisotope techniques, enzyme and receptor assays and kinetics will 
also be required. The work will progress to the study of the genetic 
control of adaptive responses. The programme has a stong clinical bias 
and will involve the investigation of human tissue. 


Renumeration will be at an appropriate point on the scales for university 
non-clinical academic staff. Further information and an application form 
may be obtained from Professor D.G. Grahame-Smith, MRC Clinical 
x Pharmacology Unit, Radcliffe Infirmary, Oxford OX2 6HE (Oxford (0865) 
241091), with whom applications, including a full curriculum vitae and 
the names and addresses of two professional referees, should be lodged 
by 4th March 1985. (5487)A 









































POSTDOCTORAL POSITION 


available immediately in 


BIOCHEMISTRY AND MOLECULAR BIOLOGY OF 
MAMMALIAN AND PROTOCHORDATE 
CYTOLYTIC FACTORS AND 
HISTOCOMPATIBILITY PROTEINS 


Experience in molecular genetics preferred. Studies will involve 
isolation and characterization of (a) cytolytic factors produced by 
mouse and human T and natural killer cells, (b) cytolytic factors and 
> histocompatibility antigens in protochordate graft rejection, and (c) the 
controlling genes in these systems. Send C.V. and the names of three 
references to: 


2 Dr. Stephen Targan 

= Associate Professor 

B._ of Medicine 

3 UCLA School of Medicine 
Los Angeles, CA 90024 























or Dr. Virginia Scofield 

Assistant Professor 
Microbiology and immunology 
UCLA School of Medicine 


Los Angeles, CA 90024 




















UNIVERSITY OF WAIKATO Biological Sciences, University of 


Hamilton, New Zealand Waikato. 
Applicants should send full details 







POSTDOCTORAL of academic achievements and other 
BIOCHEMIST/- appropriate experience, and ask their 
ENZYMOLOGIST two nominated academic referees to 





write directly to the Registrar with 
their confidential reports» The letter 
of application should confirm that 


A85/1 (A84/33 re-advertised) 













postdoctoral position is immediat- 
y available for three years in a 
search group working on the 
ochemistry, microbiology and 
otechnological applications of 
tremely thermophilic bacteria. 


The position is for research on as- 

















. A background in 
zymology and protein purification 
essential, and experience of pro- 
se and/or microbial enzymology 
ld be an advantage. This is a key 
sition in the research group, and a 
ndidate with some postdoctoral ex- 
rience would be preferred. 
Salary will be in the range 
$18,732.— NZ$25,684 per annum 
d assistance with relocation may be 
ailable. 
Enquiries of an academic nature 
ould be addressed to Professor RM 
el, Department of 















this has been done and supply names, 
addresses and telephone numbers of 
the referees as well. Applicants 
should state the date on which they 
would be available to take up the 
appointment. Conditions of appoint- 
ment will be sent to enquirers upon 
request, and all applications will be 
acknowledged. 


Applications quoting the vacancy 
number should be made as soon as 
possible directly to the Registrar, 
University of Waikato, Hamilton, 
New Zealand. Applicants outside 
Australasia should also sent a copy of 
their application to the Secretary 
General, Association of Common- 
wealth Universities (Appts), 36 
Gordon Square, London WCIH 
OPF, from whom conditions of 
appointment also available. 


Applications close with the Regis- 
traron21 March 1985. (W1640)A 
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DEPARTMENT OF MEDICAL 
PHYSICS 


LECTURER 


Applications are invited for the above 
post available from I April 1985. 


Applicants should possess a PhD 
degree and have experience in experi- 
mental physics or a related subject, 
and preferably a strong interest in 
physiological measurement techniques 
and medical electronics. Applications 
from candidates wishing to change 
their field of research will be 
welcomed. The appointee will be 
expected to develop close 
collaboration with clinical colleagues 
and will be based within the 
Department at Leeds General 
Infirmary. 


Salary on the academic scale for 
Lecturer (£7,520 — £14,925) accord- 
ing to age, qualifications and 
experience. 


Informal enquiries may be made to 
Professor R P Parker (Tel 0532 
432799 Ext 3487). 


Application forms and further par- 
ticulars may be obtained from the 
Registrar, The University, Leeds LS2 
9JT quoting reference no 92/8, 
Closing date for applications 13 
March 1985, (5478)A 


MONASH UNIVERSITY 
Melbourne, Australia 


CENTRE FOR MOLECULAR 
BIOLOGY AND MEDICINE 


POSTDOCTORAL 
RESEARCH OFFICER 


Suitably qualified person to com- 
mence as early as possible on NH & 
MRC project concerning identifica- 
tion and molecular and biological 
characterization of usual species of 
interferon produced in some 
degenerative diseases. Applicants 
should hold (or be completing) a PhD 
degree and have experience in one or 
more aspects of virology, cell biology, 
protein biochemistry or recombinant 
DNA technology. Position for 1 year 
in first instance and renewable for 
three years. 


Initial salary: $421,411 pa. En- 
quires to Professor A W Linnane, 
FAA, FRS. Tel (03) 541 3721. 


Applications including Ref no 
33361, curriculum vitae and 3 referees 
to the Registrar, Monash University, 
Clayton, Vic. 3168, Australia, with a 
copy of the Secretary General, 
Association of Commonwealth 
Universities (Appts), 36 Gordon 
Square, London WCIH OPF by 
11/3/85. 


An Equal Opportunity Employer 
(W1623)A 
UNIVERSITY OF 
CALIFORNIA 
Cooperative Extension 


EXTENSION 
ENTOMOLOGIST 
Riverside Campus 

Refer to our ad in the 1/31/85 issue 
for this vacancy A-84-188, or 
contact Cooperative Extension 
Personnel, Univ of Calif, Berkeley 
94720. 


Correct closing date: 4/29/85. 
(NW 1484)A 














SOUT! : ISTER 

HEALTH AUTHORIT 

CHRISTIE HOSPITAL & 
HOLT RADIUM INSTITUT 


PATERSON 
LABORATORIES 


DEPARTMENT OF EXPERIMENTA 
CHEMOTHERAPY 


POST-DOCTORAL 
RESEARCH FELLOW 


A post-doctoral position is availaly 
in the Department of Experiment 
Chemotherapy for a your 
chemist/biochemist with experience 
nucleic acid/protein field for wo: 
involving short nucleotide and peptit 
chains. The main aim of the group 
to study the mode of action of a: 
ticancer drugs and the mechanisms i 
volved in the formation of resistani 
in tumours. The initial priority will | 
to synthesize possible intermediat 
considered to be an important part 
the anticancer process. There are al: 
opportunities for computograph 
development of new anticane 
agents. 





Initial salary will be in the range c 
£8,450 to £11,205, depending upo 
age and experience. The initial ters 
of appointment will be for 3 years 


Applications, including a CV an 
the names of 2 academic referet 
should be forwarded to Professor 
W Fox, Department of Experiment: 
Chemotherapy, Paterson Labor; 
tories, Christie Hospital, Wilmslo 
Road, Manchester M20 9BX. 

(5450)A 





UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF BIOCHEMISTRY 


COMPUTING OFFICER 
(GRADE 2) 


Applications are invited for the pos 
of Computing Officer Grade 2 (C02) 
The duties of the CO2 will be ti 
assume responsibility for the operat 
ion of molecular graphics equipmer 
and for computing facilities withi 
the Department of Biochemistry, Iti 
also expected that the C02 will engag 
in research on Biomolecular Struc 
ture, Present interests in the Depart 
ment in this area concern Globula 
and Fibrous Protein Stucture b 
X-ray Diffraction and associate 
techniques. 


Informal enquiries about the pos 
would be welcome and should be add 
ressed to Professor A Miller (031-66 
1011 ext 2336). Subject to a proba 
tionary period. The appointment wil 
be tenable until normal retiremen 
age. Salary will be within the rang 
£7,520 — £12,150 per annum. 


Further particulars may be obtain 
ed from the secretary to the univer 
sity, University of Edinburg, Ok 
College, South Bridge, Edinburg] 
EH3 9YL, with whom applications (. 
copies) including curriculum vita 
and names and addresses or two ref 
erees, should be lodged not later tha: 
29th March 1985. 


Please quote reference No $228. 
(S489)A 





VERSITY OF OXFORD 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 
— RSIA 


(Ref: B/ R/ 122) 


iW hree post-doctoral positions are 
vailable, from October, in the 
ee molecular genetics group of 
sors A J and S M Kingsman. The 
roup is concerned with funda- 
ental principles of gene ex- 
ression of foreign genes in 
ayeast. The group also has a sub- 
ostantial interest in the molecular 
iology of the yeast transposon, 
Ty. The pasitions will be in one or 
more of these areas. Expertise in 
recombinant DNA and/or protein 
achemistry would be an advan- 
‘tage. Appointments will be for a 
maximum of three years. 


Salary on the scale: £7,520 — 
8£10,720 pa. 

Applications, which should in- 
clude relevant details and the 
“names and addresses of two 
oreferees should be sent by March 
16th, 1985 to: 
















The Administrator, 
Department of Biochemistry, 
South Parks Road, 


Oxford OX130U (5457)A 





UNIVERSITY OF 
CAMBRIDGE 


‘ASSISTANT LECTURESHIP 
in 


PALAEONTOLOGY OR 
PETROLOGY 


‘niversity Assistant Lectureship in 
‘alaentology (Micropalaeptology, 
alynology or Icknology), or 
gneous Petrology to be filled as soon 
s possible. This is a full academic 
saching appointment usually held by 
ersons under the age of 30 on 
pppointment and corresponding to 
re younger end of the national Lec- 
areship scale. Stipend is age linked 
ind ranges from £7,980 aged 25 to 
9,860 aged 29. 


Further information concerning 
ne duties and conditions of appoint- 
yent may be obtained from the Ad- 
uinistrator, Department of Earth 
ciences, Downing Street, 
‘ambridge CB2 3EQ, to whom 
pplications (10 copies — overseas 
andidates need send only one copy), 
dgether with a curriculum vitae and 
ne names of three referees, should be 
ant as soon as possible and reach her 
o later than 29 March, 1985. 

(5491)A 





THE ROWETT RESEARCH 
INSTITUTE 


Bucksburn, Aberdeen, AB2 
9SB 


BIOCHEMIST 


Applications are invited for a fixed 
three year period appointment in a 
post requiring a scientist to work with 
Dr P J Garlick on the influence of 
nutritional and hormonal factors on 
the synthesis and degradation of 
ribosomes in relation to the control of 
protein synthesis in tissues of the 
whole animal. 


Qualifications: A good Hons 
degree in Biochemistry and preferably 
a PhD and at least two years post 
qualifying experience is required for 
the higher grade. 


Salary/grading: SO £5,909 to 
£8,153 or HSO £7,435 to £10,039 with 
placing according to experience. 


The post is Superannuated and the 
Institute is an Equal Opportunity 
Employer. 


Applications together with full CV 
and the names and addresses of two 
referees should be sent to the 
Secretary of the Institute (Tel 
0224—712751 ext 338). 


Closing date 7th March, 1985. 
(5442)A 





UNIVERSITY OF OXFORD 


DEPARTMENT OF 
PHARMACOLOGY 


Departmental 
Demonstratorships 


The department has vacancies for 
two Departmental Demonstra 
tors, each for a period of 3 years, 
with the possibility of renewal for 
a further 3 years. The salary will 
be on the scale (age-related) 
A — 9,390 pa with member- 
ship of U.S.S. The successful 
candidates will be expected to 
take part in departmental teach- 
| ing in general pharmacology, and 
| to conduct their own research, 
| preferably in association with one 
| of the existing groups in the de- 
| partment. One appointment will 
be from October 1985; the other 
may be made sooner. 
Applications (3 copies) with 
names of two referees, to Pro- 
fessor A.D. Smith, Depart- 
ment of Pharmacology. South 
Parks Road, Oxford OX1 3QT, 
| from whom further particu- 
| lars may be obtained. Applica- | 
| tions are required if possible 
| by March 6th. { jA | 


i 











ASSISTANT TECHNICAL 
OFFICER 


ANATOMY DEPARTMENT, 
CAMBRIDGE 


ELECTRON MICROSCOPY 


Applicant should have advanced bio- 
ogical qualifications, and experience 
f work in electron microscopy 
S.E.M., T.E.M., S.T.E.M. & freeze 
fracture), a capacity to supervise 
taff, ability to teach the theory and 
sractice of electron microscopy and 
in interest in pursuing individual and 
collaborative research. 





Appointment will be for three 
years initially from 1 May 1985 or as 
soon possible thereafter on a scale 
from £7,055 to £9,860. 


Further information may be 
obtained from the Secretary, School 
of Biological Sciences, 19 
Trumpington Street, Cambridge to 
whom applications (2 copies) 
together with CV and names of 3 
referees should be sent. Applications 
close on Wednesday 13 March 1985. 

(5493)A 


MRC 


Medical Research Council 
Clinical Pharmacology Unit 


Neurochemist/ | 
Neuropharmacologist 


Applications are invited for a SHORT-TERM NON-CLINICAL: 
SCIENTIFIC post in this MRC Unit, tenable for 3 years in the first. 
instance, Candidates with some experience will be preferred but those 
who are immediately postdoctoral will be considered. f 
The successful candidate will be required to study neurochemical. 
mechanisms by which neurotransmitter systems respond to the short- 
and long-term effects of psychotropic drugs. Knowledge and experience 
of the biochemical mechanisms of neuronal membrane. function 
neutrotransmitter synthesis and release and stimulation would be. 
advantageous. This work has a strong clinical bias and will eventually: 
involve the study of human brain tissue. 

Renumeration will be at an appropriate point on the scales for university. 
non-clinical academic staff. Further information and an application form 
may be obtained from Professor D.G. Grahame-Smith, MRC Clinical’ 
Pharmacology Unit, Radcliffe Infirmary, Oxford OX2 6HE (Oxford (0865: 
241091), with whom applications, including a full curriculum vitae and. 
the names and addresses of two professional referees, should be lodged 
by 4th March 1985. (5486)A 


BOURN HALL CLINIC 
Bourn, Cambridge, CB3 7TR 


Embryologist required to fill a full time senior position, joining. 
a team providing 7 day cover on a rota basis. a 
Previous experience with animal embryology would be helpful, 
although a newly quaified Ph.D in a relevant subject would be 
considered. 

Ample opportunity for research. 

Please send full C.V. together with names of 3 referees. 
to Dr. R.G. Edwards F.R.S., Scientific Director, by 1st. 
March 1985. (5484) A 





FACULTY POSITION — 


MARINE FOOD 
CHEMIST/BIOCHEMIST 


The Institute of Marine Resources and the Department of Food: 
Science and Technology, University of California, Davis invit 
applications for a tenure-track 11-month position (75 percen 
research/25 percent teaching) at the assistant, associate or full 
professor level. Applicants must have a PhD in chemistry,’ 
biochemistry, food science, or a related field and either 
postdoctoral experience or postgraduate research experience in. 
lipid and/or protein chemisty/biochemistry. The appointee wi 
conduct fundamental chemical/biochemical reserch relevant to: 
marine animals as food, participate in teaching marine food: 
science and other food chemistry/biochemistry courses, advise 
students and collaborate with marine scientists on other 
University of California campuses and with the marine food 
industry. Submit resume including a summary of research 
interests and of research and teaching experience, transcripts. 
of undergraduate and graduate work (if applicant is within 6 
years of receiving doctorate), publication list, and names and 
addresses of four referees to: Dr David Ogrydziak, Seare 
Committee Chairman, Insitute of Marine Resources, Universit 
of California, Davis, CA 95616. Closing date: 1 April 1985. 


The University of California is an Affirmative Action/ Equal 
Opportunity Employer. (NWI487)A 





MRC 
Medical Research Council 
Clinical Pharmacology Unit 


Biochemist 


“Applications are invited for a SHORT-TERM NON-CLINICAL 

< SCIENTIFIC post in this MRC Unit, tenable for 3 years in the first 

instance. Candidates with some experience will be preferred but those 
who are immediately postdoctoral will be considered. 


The successful applicant will be required to assist in the extraction and 
= identification of an endogenous inhibitor of Na*, K* ~ATPaxe. A 
= good knowledge of methodologies appropriate to the extraction, 
} purification and identification of unknown biologically active substances 
is needed. This work has a clinical bias and will involve the application 
of the above techniques to human tissue. 


Renumeration will be at an appropriate point on the scales for university 
“non-clinical academic staff. Further information and an application form 
“may be obtained from Professor D.G, Grahame-Smith, MRC Clinical 
. Pharmacology Unit, Radcliffe Infirmary, Oxford OX2 6HE (Oxford (0865) 
; 241091}, with whom applications, including a full curriculum vitae and 

the names and addresses of two professional referees, should be lodged 
< by 4th March 1985. (548B)A 


STRUCTURAL GEOLOGIST 
K.U. LEUVEN 


. The K.U. Leuven has a vacancy from 1 October 1985 for a full-time 
academic staff member to teach Structural Geology, Stratigraphy and 
field courses and to initiate and carry out research. 


Preference will be given to a Structural Geologist with field experience 
and knowledge of the evolution of sedimentary basins. Geophysical 
experience would be an advantage. 


This tenured appointment will normally be at the “Docent” (Senior 
Lecturer) level. The successful candidate will be required to teach in 
Dutch. 


Candidates should submit a curriculum vitae including details of their 
research interests and the names of two referees to:— Acadmisch 
Dossier, Katholieke Universiteit Leuven, Naamsestraat 22, b-3000 
Leuven, Belgium. To arrive by 15 March 1985. 


“Further information is available from Prof. G.S.D. King, 
“Chairman, Department of Georgraphy and Geology, K.U. 
Leuven, Celesti Jneniaan 200 C, B-3030 Heverlee, Belgium. 

1 


Situations vacant continued on page 15. 








Übersetzung ins Englische 
The 


Stiftung zur Förderung der 
Philosophie 
shall award for the year 1985 two prizes in the amount of 10,000 
DM and 5000 DM and respectively for essays in which natural 
scientists expound the relationship of their work to their 
L fundamentali philosophical positions. The essays should be 

‘between 30 and 70 typewritten pages in length, and must be 
posted by December thirty-first, 1985 to: — 

Stiftung zur Förderung der Philosophie 

An der Blank Str. 20 

D-4052 Korschenbroich 1, West Germany 


The Foundation shall attempt to get the submitted essays 
published. (W1637)N 























MICRO-ELECTRODE TECHNIQUES FOR 
CELL PHYSIOLOGY — A WORKSHOP 
at the Laboratory of 


THE MARINE BIOLOGICAL 
ASSOCIATION PLYMOUTH* 
AUGUST 28th — SEPTEMBER 11th 1985 


The Workshop will provide practical and theoretical experience in the 
following techniques Voltage clamp, Patch clamp, lon-sensitive micro- 
electrodes, Intracellular dye injection. 

The Workshop is intended for post-graduate students and post- 
doctoral workers from any biological discipline who wish to use these 
techniques for their research. 

STAFF: C. Aickin, M. Bate, Q. Bone, C. Brownlee, M. Burrows, 
P. Gray, J. Halliwell, D. Ogden, N. Standen, P. Stanfield, R. Vaughan- 
Jones, A. Warner, M. Whitaker, D. Adams. 

VISITING SPEAKERS: D. Colquhoun, B. Katz, R. Keynes, T. Rink, 
R. Thomas. 

Interested applicants should contact Dr. A. Warner, Dept. of Anatomy, 
University College London, Gower Street, London WC1E 6BT. Tel: 
01-387-7050 Ext 305 for further information and application forms. Last 
year the Research Councils supported a number of post-graduate 
students on the Workshop. Some Bursaries will be available. 
Applicants who were unsuccessful last year are invited to re-apply. 
CLOSING DATE: 28th February, 1985. Late applications will be 
considered up to 15th March. 

This Workshop is made possible through the generosity of the 
Company of Biologists, The Nuffield Foundation and The Physiological 
Society. 

“Generously granted aided by the Natural Environment Research 


Council. (5483)V 
EN 2 


(— y 3 Camborne 
School of Mines 


RESEARCH 
ASSISTANTSHIP 


£6,555 - £8,262 p.a. 


Applications are invited for this post at Camborne School of 
Mines, Pool, Redruth, Cornwall, which is tenable for a period 
of approximately 21⁄4 years in the first instance. The post is 
funded by a Natural Environment Research Council grant as 
part of a collaborative research programme investigating the 
geochemistry and mineralogy of Hot Dry Rock Geothermal 
Systems. 


ASSISTANTSHIPS 





The successful applicant will carry out mineralogical and 
geochemical investigations of low temperature hydro thermal 
mineralization principally in the Carmanellis granite, Cornwall. 
The applicant will be supervised by Dr. A.V. Bromley. 


The post will be of interest to graduate or postdoctoral can- 
didates who have a strong interest in mineralogy/hydrothermal 
mineralization. 


Application form from the Registrar at the School. Clos- 


ing da date e 28th February 1985. {5445)P. 
oe Se ee ee ee ee ee ee ee ee ee ee OA 





Please mention 


| nature 














AUTHORITY 
denbrooke’s Hospital, 


_ DEPARTMENT OF CLINICAL 
BIOCHEMISTRY 


SENIOR BIOCHEMIST 


equired for the Department of 
nical Biochemistry which com- 
ases both NHS and University units 
“ead of Dept, Professor C N Hales). 
oplicants should have good honours 
gree and a PhD in a subject related 
clinical biochemistry. Some rele- 
imt laboratory experience would be 
advantage. 


“The successful candidate will con- 
ibute to the routine diagnostic work 

the Department. Emphasis will be 
ced on supervision, clinical liaison, 
ad research and development 
ected toward new diagnostic and 
walytical. techniques, and 
chemical. problems: of -clinical 
iedicine. The post will initially be 
ased in the main laboratory. Whilst 
ere are certain areas of development 
avisaged for this part of the 
boratory the successful candidate 
ill be encouraged to develop his/her 
terests. Every encouragement will be 
wen to study for higher qualifica- 
ons. Salary scale £9,415 — £12,173 
êr annum. 


Application forms/job description: 
ersonnel Dept as above, Tel: 
223-245151 ext 7511. 


Closing date: 20 March 1985. 


For informal visits: Dr C P Price 
1223-245151 ext 7159). (5441)A 





NIVERSITY OF REGINA, 
idividuals (Canadian or Landed 
nmigrants) are invited to apply for 
{Sc or PhD programs in grass- 
əpper biology. Please send CV 
t Dr W Chapco Department of 
iology University of Regina, 
askatchewan 54S OA2. 
(NW1445)A 


ASSISTANTSHIPS 


CHARING CROSS 
AND WESTMINSTER 
MEDICAL SCHOOL 
(University of London) 
St Dunstan’s Road, London 
W6 8RP 
JEPARTMENT OF BIOCHEMISTRY 


RESEARCH 
OPPORTUNITIES IN 
MOLECULAR MEDICINE 


'ositions at several levels exist in this 
xpanding research group. These 
clude: Post Doctoral Research 
\ssistantships; Post Graduate Re- 
earch Assistantships; (Senior) Tech- 
ician(s) posts and Graduate student- 
hips (leading to a higher degree). 


Further information about all these 
osts and the research interests of 
Jepartment may be obtained by 
iriting to Professor Alan Malcolm at 
he above address or by telephoning 
‘1-741 1851. There are no closing 
lates, but early enquiry is 
ecommended. (5480)P 
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THE LOUIS JEANTET FOUNDATION FOR MEDICINE 
INVITES APPLICATIONS FOR . 


1986 AWARDS 









quality. 


Applications are now sought for the first of these award 
(either individuals or research groups) must be nominated by scie 
tists, physicians or institutions having detailed knowledge of the ca 
didates’ research. 


The following general points should be noted: 


1. Applications received directly from candidates will not be 
considered by the Science Committee. 


2. The awards will be limited to researchers working in one of 
the following countries: 


Austria, Belgium, Denmark, Finland, 
France, Great Britain, Greece, Ireland, 
Italy, Norway, Portugal, Spain, 
Sweden, Switzerland, The Federal 
Republic of Germany, 

The Netherlands or Yugoslavia 


although they need not themselves be nationals of any of 
those countries. 


3. All proposals must be submitted, confidentially, on applica- 
tion forms obtainable from: 


The Secretary of the Science Committee 
The Louis Jeantet Foundation for Medicine 
P.O. Box 140 
CH — 1211 Geneva 17 — Malagnou 
Switzerland 
Further information will be sent with the application form. 
4. The closing date for applications will be May 1st, 1985. The 


awards will be announced in 1986. 
(W1625)N 








Please mention 


nature 





when replying to these advertisements. 








THE 


CIBA-GEIGY PRIZE 
FOR RESEARCH 
IN ANIMAL HEALTH 


At the end of 1985, Ciba-Geigy Animal 
Health will consider submissions for the award of 
50,000 Swiss Francs to a scientific worker whose 

esearch might be applied to the improvement 
of animal health through the prevention or treat- 


ment of disease. 


A submission may be made by the origina- 
or of the work or a recommendation may be 


made by a third party. 


The work must be original to the nominee 
_and, while it need not have been carried out dur- 
ng the current year, it should be novel either in 


concept or development. 


The closing date for entries will be 31 


May 1985. 


Further details and copies of the rules 
governing the award may be obtained from: 


Dr. Patrick Barden FRCVS 


or Dr. Rolf F. Steiger 


CIBA-GEIGY Limited 


R-1001.B.P.87 


CH-4002 Basel 
Switzerland 


(W1632)N 


APPOINTMENTS WANTED 


vertise your qualities and qualifi- 
ns through the most influential 
jence weekly in the world at a 
jal reduced cost of $8.00 per line, 
himum 3 lines. (Personal Box 
umbers $10.00). 
dvertisements must be pre-paid and 
nt to: Nature Classified (Appts 
wa. 15 East 26 Street, New York, 
¥:10010. (890)B 


HOMEMAKER: COMPETANT, 
pleasant lady science graduate, no 
ties, mid-forties, available for career- 
minded, respectable, unattached 
medic/scientist needing comfortable, 
supportive homelife. Box 5415 C/o 
Nature Classified 4 Little Essex Street 
London WC2R3LF, (5415)B 





STUDENTSHIPS 


The Trustees of Fight for Sight announce the provision of a 


FIGHT FOR SIGHT 
RESEARCH STUDENTSHIP 


The Studentship will be tenable for three years at a stipend 
of £6,000 p.a., subject to review by the Trustees. It is tenable 
by persons with first-class honours in a first degree, or by per- 
sons with first degree and a second qualification (e.g. MB). 
The student will proceed to the degree of PhD. The area of 
study should be potentially capable of application to the treat- 
ment or prevention of eye disease, but the Trustees do not 
wish. the student necessarily to conduct applied scientific 


research. 


Applications are invited from University Supervisors and/or 
suitably qualified students. The outlines of research proposals 
should be sent to the Dean, Institute of Ophthalmology, 17/25, 
Cayton St., London EC1V 9AT, and should be no longer than 
1,000 words, including background, references, and estimated 
running costs. Applications must be received by tst April 1985. 


(5443)F. 





Studentship in Biochemistry etc. 


Applications are invited from women 
who will have graduated by October 
1985 for a Studentship for research in 
Biochemistry or related subject (Mol- 
ecular Biology, Cell Biology, 
Biological Chemistry etc.). 
Candidates should intend to study 
for the degree of PhD of the Univer- 
sity of Cambridge. A First Class, or 
good Upper Second Class degree is 
required. The Studentship will be 
tenable for three years from Ist 
October 1985, subject to satisfac- 
tory academic progress. The 
maximum value is equivalent to the 
basic UK Research Council grant; the 
maximum value is £250 a year. The 
College will pay College and Univer- 
sity fees at the rate for ‘home’/ EEC 
students. 


Applications should be made by 
Ist May 1985 on CIGAS application 
forms obtainable from the Board of 
Graduate Studies, 4 Mill Lane, 
Cambridge CB2 IRZ. Further details 
may be obtained from the President, 
New Hall, Cambridge CB3 ODF. 

(5455)F 





RESEARCH STUDENTSHIPS 
IN BIOMEDICAL SCIENCE 
Cambridge, 1985 


Research projects in neuroscience, 
embryology, reproduction, primate 
ecology, behaviour, ultrastructure, 
molecular biology and exercise 
physiology and being offered in this 
active, well funded and well equipped 
Department. Students interested in 
pursuing research in these areas of 
biomedical science towards a PhD 
should write to The Secretary, 
Department of Anatomy, Downing 
Street, Cambridge CB2 3DY, and 
include a curriculum vitae. 
(5475)F 











WANTED 


APPOINTMENTS WANTED 5} 


cessful, productive 
biochemist/ physiologist, 
Oxbridge First, 
background in intermedi 
metabolism/hormonal contre 
tracers whole-body studies 
animals/man, calorimetry, nutritiv 
experienced in clinical/laboratc 
research, teaching supervisio# 
writing; speaks some French and G: 
man; seeks new opportunities 
research/teaching/communication 
cuts hinder UK research. Write B 
5453B: c/o Nature, 4 Little Essex f 
London WC2R 3LF. 





(5453)B 


CONFERENCES and 
COURSES 































Royal Postgraduate 
Medical School 
(University of London) 

MSc DEGREE COURSE 
IN EXPERIMENTAL 
PATHOLOGICAL 
(TOXICOLOGY) 


Applications are invited for the 
above, one-year, full-time course 
which is being offered from 1 
October 1985. 

Applicants should possess a first 
degree in medicine, veterinary 
medicine or an appropriate 
science subject. 

It is hoped that a number of 
Medical Research Council 
Studentships will be available. 
Further details and application 
forms are available from: 
School Office (MSc), Royal 
Postgraduate Medical School, 
Hammersmith Hospital, Du 
Cane Rd, London W12 OHS Tel: 
01-743 2030 ext. 351). 
Closing date for receipt of 
applications will be 26th April 
1985. (5437)C 





LOTHIAN REGIONAL COUNCIL 
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EDINBURGH 


backing. 


forms may be obtained from: 


DEGREE OF MASTER OF SCIENCE 
IN THE BIOLOGY OF WATER MANAGEMENT (CNNA) 
Applications are now invited for the academic year 1985/6 from 
honours graduates in the biological sciences for the above 
course. This is a twelve month full-time course of which 60% 
is a taught element and 40% involves research. Few, if any, 
grants will available for the course and it will, therefore be 
necessary for most students to establish their own financial 


Further information of application 





The College fee for the course will be in the region of £600. 
Subsistence and accommodation for the year will cost a 
student approximately £2,000. 


Dr P.A. Read 

MSc Course Co-ordinator 
Dept of Biological Sciences 
Napier Coilege, Colinton 
Road 

EDINBURGH EH10 SDT 


Tel: 031 447 7070 (5436) 











































BIOCHEMICAL SOCIETY 
HARDEN CONFERENCES 


24th: “PROTEIN ENGINEERING AND 
SITE DIRECTED MUTAGENESIS” 


Wye College, Ashford, Kent, 1 — 6 September 1985 


Organizing Chairpersons: A.R. Fersht (London) and G. Winter 
(Cambridge) 


Principal Topics: Synthesis of Oligonucleotides, Mismatch 
Repair/Mutant Construction and Protein Engineering of: 
Immunoglobulins, Tyrosyl-tRNA Synthetase, Subtilisin, Aspartate 
Transcarbamylase, Triosephosphate Isomerase, T4 Phage Lysozyme, 
Dihydrofolate Reductase, , “Antitryspin, Cyclic AMP-Binding 
Protein, Maltose-Binding Protein, Phospofructokinase, Pyruvate 
Decarboxylase Dehydrogenase, RNA Ligase, Bovine Pancreatic 
Trypsin Inhibitor, Protein Folding, DDT-Binding Protein, Interferon. 
Conference fee and full board £160 including VAT. Application deadline 
3 May 1985. 


25th: “THE CYTOSKELETON: 
EXPRESSION, 


ORGANIZATION DYNAMICS” 


Wye College, Ashford, Kent, 15 — 20 September 1985 


Organizing Chairpersons: P. Sheterline (Liverpool) and B.H. 
Anderton (London) 


Principal Topics: Structural Dynamics of the Cytoplasmic Matrix, Actin 
Assembly, Microtubule Assembly, Regulation of Actin. Filament 
Organization, Gene Regulation of Cytoskeletal Expression, 
Cytoskeleton and Development, The Cytoskeleton of Lower 
Eukaryotes. 


Conference fee and full board £160 including VAT. Application deadline 
17 May 1985. 

information: Meeting Officer, Biochemical Society, 7 Warwick 
Court, High Holborn, London WC1IR5DP, U.K. 5460C 

















EMBO COURSE ON 
DNA CLONING IN BACILLUS SUBTILIS 
PARIS, Sept. 15-30, 1985 


Programme includes: 

Cloning of genes and signal sequences in plasmid and phage vectors. 
Insertion and amplification of foreign genes in the chromosome. 
Transportation and transduction techniques. 

Teaching staff includes: 

C. Anagnostopoulos (Gif sur Yvette), S. Bron (Groningen), S.D. Ehrlich 
(Paris), L. Janniére (Paris) B. Michel (Paris), Ph. Noirot (Paris), 
M. Noyer-Wiedner (Berlin), M.A. Petit (Paris), H. te Riele (Paris), 
T. Trautner (Berlin), G. Venema (Groningen), Ph. Youngman (Boston). 


Participants: The course is designed for advanced predoctoral and 
post doctoral researches planning to use DNA clon- 
ing in B. Subtiis and related gram-positive organisms. 

Applications: Applications should include a C.V., list of publications, 


and a summary of current and future research in- 
terests, and should be sent before April 31 to S.D. 
Ehrlich, Institut Jacques Monod, 2 place Jussieu, 
75251 PARIS CEDEX 05, FRANCE (1-329 53 70). 16 
participants will be accepted. Registration fee will be 
1000.00FF. Some grants-in aid may be available. 

W(1626)C. 








FOR SALE 












SALE 
CHEMICAL ABSTRACTS 


1946 — 1962 
$150 per year + postage 
large disponibility 
SANTO VANASIA 58, Via M. Macchi MILANO 
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MARINE 
BIOLOGICAL | 
LABORATORY 




















announces 


MARICULTURE: ue 
Culture of Marine Invertebrates 
for Research Purposes 


MAY 19 - 25, 1985 
Course Director: Carl J. Berg, Jr., MBL 


This one week program provides a detailed review 
of current information on the culture of marine 
invertebrates, with intensive laboratory training in 
culture techniques and in the maintenance of. 
mariculture systems. Prior experience in the field 
is not required, but participants should have 
general knowledge of the animals with which they 
will work and of marine aquarium systems. 


For further information and application forms, 
contact the Office of Grants and Educational 
Services, MBL, Woods Hole, MA 02543. 
(617) 548-3705 x 216. 
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FELLOWSHIPS 


| ANNOUNCING 

| THE JOHN DOUGLAS 
| FRENCH FOUNDATION 
| FOR 


ALZHEIMER'S DISEASE 


is pleased to announce 


THE FORMATION OF 
A FELLOWSHIP 


| 
| The French Foundation is looking for | 
talented, young | 


INVESTIGATORS | 


interested in pursuing a career in 


| 
| 
ALZHEIMER’S RESEARCH | 
| PhD candidates, post-doctoral fellows 
and MD's will be considered for this | 
| award. | 





















| The French Fellowship will last for two | 
years, with a possible third year renewal | 
at $30,000 per year. l 





| 

| Interested candidates should write:— 
| Bruce L. Miller, M.D., 

| The John Douglas French Foundation 
| for Alzheimer’s Disease, 11620 

| Wilshire Bivd., Los Angeles, California 
| 90049, 
| 
| 


(NW1471E 











- UNIVERSITY OF PENNSYLVANIA. 


























image. analysis. 


























NIVERSITY OF WARWICK 
‘DEPARTMENT OF BIOLOGICAL 
SCIENCES 


POSTDOCTORAL 
FELLOWSHIP 


pplications are invited from 
ular biologists, biochemists or 
tobiologists for a Postdoctoral 
Nowship in the Plant Biochemistry 
roup to study the photoregulation 
f transcription of nuclear genes en- 
ing chloroplast proteins. 


perience with plants is not essen- 
ut familiarity with using clon- 
ybridisation probes would be an 
itage. The position is available 
m ‘Ist: March 1985 and is funded 
e SERC. 


alary will be on the Research 1A 
ale: £7,520 — £12,150 pa. Further 

rmation can be obtained by 
‘phoning Dr G I Jenkins on Coven- 
y (0203) 24011 exts 6058/6094. 


Applicants should send a CV 
including a full list of publications) 
with the names arid addresses of two 
referees, to the Executive Officer, 
partment of Biological Sciences, 
niversity of Warwick, Coventry, 





















DEPARTMENTS OF BIOLOGY AND ANATOMY 
POST-DOCTORAL 
RESEARCH FELLOWSHIP 


Available for work on the development and application of selective stain- 
ing including immunocytochemical methods for intermediate (300-400 
kV) and high (1000 kV) voltage electron microscopy of whole tissue 
culture celis and embedded tissues. 

“Work will be done as part of the establishment of a research resource 
in intermediate voltage electron microscopy and three-dimensional image 
analysis funded by the National Institutes of Health, and will be under 
the direction of Professors Lee D. Peachey and Clara Franzini- 
rmstrong. The post is available begining immediately for a period of 
up to four years, with a salary in the range of $12,000 - $16,000 p.a., 
depending on age and experience. 

Applicants should have a PhD. and experience in biologica! electron 
microscopy of isolated cells and/or tissue sections. Additional ex- 
perience in histochemistry and cytochemistry would be an advantage, 
as would knowledge of physical and biochemistry. The project will in- 
volve the development and testing of stains for immunolocalization of 
‘antigens throughout the depth of whole voltages of thick sections, and 
‘electron microscopy at elevated volages of thick preparations. Results 
will be visualized using stereoscopic and computer-based three dimen- 
sional image analysis techniques that will be developed simultaneous- 
ly in this facility. It is intended that this training and research should 
lead to a career in three-dimensional biological electron microscopy and 


Applications, accompanied by a curriculum vitae, the names of 
at least two referees, and letter stating the applicant's present 
interests and career goals should be sent to Professor Lee D. 
Peachey, Department of Biology/G7, University of Pennsylvania, 
Philadelphia, PA 19104, USA. The University of Pennsylvania is 
an equal opportunity employer. 













































(NW1473) 


THE INSTITUTE OF 
CANCER RESEARCH 


A THREE-YEAR 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 







will be available from the end of May, 
1985, in the Institute’s Cell and 
Molecular Biology Section, Chester 
Beatty Laboratories, Fulham Road, 
London, SW3. The post will be based 
in the laboratory of Dr C J Marshall. 
The main interest of this laboratory 
is the detection and analysis of onco- 
genes in human cancers. Suitable can- 
didates must have experience in mole- 
cular and cell biology. Salary in scale 
£7,520 — £10,330 pa depending on 
experience and qualifications, plus 
London Allowance of £1,233 pa. 


Candidates are advised that in the | 
majority of the Institute’s premises 
smoking is prohibited. | 


Further information can be ob- 
tained from Dr C J Marshall, 01-352 | 
8133, ext 262. Applications, in dupli- | 
cate, with the names of two referees 
to the Personnel Officer, Institute of | 








4 7AL, quoting reference | Cancer, 34 Sumner Place, London, | 

1J/BS601. Closing date 7th March | SW7 3NU, quoting ref 300/G/S. | 

1985. (5432)E (48DE 
SEMINARS and SYMPOSIA 


















ELEVENTH EMBO SYMPOSIUM 


Growth Factors, Receptors, 


and Oncogenes 
16 19 September 1985 


EMBL, Heidelberg (F.R.G.) 


Invited speakers include: 

M. Barbacid (Frederick), T. Blundell (London), J. Brocks (London), 
A.W. Burgess (Melbourne), S. Courtneidge {London}, F. Cuzin (Nice), 
M. Czech (Worcester), T.M. Dexter (Manchester), A.J. van der Eb 
(Leiden), J.R. Feramisco (Cold Spring Harbor), F. Fox (Los Angeles), 
A.G. Gilman (Dallas), T. Graf (Heidelberg), W. Greene (Bethesda), 
M.J. Hayman (London), C. H. Heldin (Uppsala), A. Hunter (La Jolla), 
D. Metcalf (Melbourne), W. Moolenaar (Utrecht), H. Moses 
(Rochester), R. Muller (Heidelberg), D. Nathans (Baltimore}, P. Nurse 
(London), A. Pardee (Boston), P. Parker (London), J. Pouyssegur 
(Nice), P. Rigby (London), A. Roberts (Bethesda), E. Rozengurt 
{London}, D. Russell (Dallas), J. Schlessinger (Rehovot), C, Stiles 
(Boston), A. Ullrich (San Francisco), M. Waterfield (London), R. 
Weinberg (Boston), M. Wigler (Cold Spring Harbor). 


The plenary sessions will cover: 

Cell cycle control; hematopoietic systems; growth factors and 
inhibitors; receptor structure and function; gene activation; regulation 
by phosphorylation; ion movement and signal transmission; second 
messengers; oncogenes. in addition there will be two poster sessions. 


Application: 

The deadline for applications is 15th April 1985. An Application form is 
to be published in the EMBO Journal, volume 4, issues 1, 2 and 3, 1985. 
Applicants are requested to photocopy the form and use it to apply for 
participation. The total number of participants will be limited to 250. 
The registration fee, which includes daily transport to the EMBL from 
Heidelberg during the Symposium, lunches, and the Symposium 
reception is DM 180, for graduate students DM 90, and for participants 
from industry DM 360. Participants will be accommodated im hotels in 
Heidelberg and in the EMBL guest houses. The registration fee does 
NOT cover the cost of accommodation. The registration fee should 
NOT be sent until you have been notified of your acceptance for the 
Symposium. 


Organizing Committee: 

T. Graf (EMBL, Heidelberg) | Chairman, F. Cuzin (Nice), L. Philipson 
(EMBL, Heidelberg), P. Rigby (London), J. Tooze (EMBO, 
Heidelberg), M. Waterfield (London). (W1505)M 














THE AMERICAN 








will hold its 


ANNUAL MEETING 

on the campus of the University of 
hode Island on 29 July to 3 August 
985. 

` Planned are symposia on molluscan 
egg capsule and radulae, and ecology 










etting 
“London 


of freshwater moluscs; also, contri- 
buted paper sessions, a poster session, | 
field trips, exhibits, workshops, and | 
special events by the Boston Malaco- `: 
logical Club. | 


For information, contact: Dr M R | 
Carriker, College of Marine Studies, i 
University of Delaware, Lewes, Del. 
19958; telephone: 302-645-4274. 

(NW1476)M 










UNIVERSITY OF READING 


“INTERACTIONS OF FOOD 
COMPONENTS” 


International Symposium to be held 
APRIL 2, 3 and 4 (1985) at 
University of Reading, Berkshire, UK 


The sixteenth international food symposium to be held at Reading 
University, April 2,3, and 4 (1985) will be concerned with interactions in 
foods af pane manufacture, storage, spoilage, sensory properties, 
nutritional qua ity and analysis. The papers presented will be concerned 
with the principles of major component interactions, micronutrients, 
additives and contaminants and will include a section on interactions of 
the ingredients of food commodities and snacks. Some emphasis will 
be placed on interactions affecting product design and development 
especially affecting natural components and natural products. 
apeakers will include Professor J. Solms of the Swiss Federal institute 
of Technology, Zurich, who will speak on interactions of volatile and 
non-volatile components and Professor Morley Kare of the Monell 
Chemical Senses Center, Philadelphia, who will speak on nutritional 
interactions and acceptability of food. Dr B.L. We zicha of University 
of Leeds will speek on interactions involving sulphur dioxide in foods 
and Dr M.E. Knowles of Ministry of Agriculture, Fisheries & Food, 
Norwich, will speak on interactions of nitrates in foodstuffs. 

Further details and application forms may be obtained from:- 
Dr G.G. Birch 

Food Studies r 

University of Reading 

Whiteknights 


Reading RG6 2AP Berks. (5474)M 
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tounderstand. © 


A world-wide scientific Serono Symposia is an independent 
foundation, created in 1971, to promote 


research organization scientific research in all disciplines 
for human health and NG. which contribute towards improving 
= | human health. 
welfare. | ARES This aim is pursued by means 


™ 


A center for promotion of 
«cientific and cultural activities. 


| SERONO of congresses, courses, seminars 
| SYMPOSIA and specialized studies. 
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Some of the international meetings scheduled for 1985 are: Do you know all th 


advantages that 


-s and Papilloma Viruses Monoclonal Antibodies: Basic the Serono Sympe 
Role in the Carcinogenesis of the Principles, Experimental and Clinical Congress Card offe 
r Genital Tract Applications in Endocrinology Please fill in this for 
March 11-12 Florence, October 2-4 eae oe 
ific Organization: G. De Palo (1) Scientific Organization: M.B. Lipsett (USA) nO Sy 
Hausen (D) and M. Serio (I) aT 
at Advances in Primary and Serono Symposia Mini-Courses swissairá/ Official Carrier . 
ired Immunodeficiencies The courses, lasting 1 or 2 days, are organized in = 
a, April 10-12 collaboration with the Istituto «Mario Negri» for 1 would like to receive information about 
ific Organization: F, Aiuti (I) Pharmacological Research and will be held in Serono Symposia Congress Card C All the above Congresse 
Cooper (USA), R.A. Good (USA) Milan, Italy In particular the Congress on 
Rosen (USA) Regulation of Beta-Adrenergic Receptors 
nterferon System in Animals and Man. Mini-Courses 
, May 8-11 Lecturer: P.B. Molinoff (USA) J Serono Symposia Publications 
tific Organization: F. Dianzani (1) Oncogenes and Chemical Carcinogenesis. Name 
;.B. Rossi (I) Lecturer: M. Barbacid (USA) Address 
s and Kidney Growth Factors as Cell-to-Cell Messages eo a RE 
mmo, May 29-31 in Atherosclerosis and Inflammation. Please send to Serono Symposia, Via Ravenna 8 - i 
2 EO TS ITAY, ANTAT Rame ~ Italy 


Whether your needs are simpl 
or sophisticated, we provide tl 
total solution. 


. ..Pharmacia 
unbeatable 
performance 
Contact us Today 


Pharmacia 
Pharmacia Inc. 
800 Centennial Avenue 
PISCATAWAY, N. J. 08854 
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SCOTTISH 
AGATES 


No pI problem is too broad or 
too narrow for Pharmalyte’ 





Success in isoelectric focusing largely depends upon the 
quality of the carrier ampholyte you use. Pharmalyte, 
from Pharmacia offers the essential high quality for 
results you can depend on. 


Pharmalyte is an advanced series of carrier 

ampholytes intervals, covering the pH range 2.5-10.5, for 
analytical and preparative IEF in all types of stabilizing 
media. Each interval produces a stable and highly 
reproducible gradient of a quality capable of resolving 
proteins differing by less than 0.02 pH units in their pl. 
Low and even conductivity across the entire gradient 


allows focusing at 3000 V or more, giving you fast Proteins separated on a 200 thick polyacrylamide gel 
focusing and significantly improved resolution. with Pharmalyte 3-10 show sharp bands. 





And we at Pharmacia can offer you the benefit of expert 
advice gained from the many years of experience in IEF. 
So why not let us solve your problems before you meet 
them? 


A wide selection of literature of IEF is always available. 
Send for your complete information package today. 


Pharmacia 


Pharmacia Inc. 


: Laboratory Separation Division 
Pharmalyte —the carrier ampholyte that ak Caaan Avenis 


brings confidence to isoelectric focusing. PISCATAWAY, N. J. 08854 





Circle No.23 on Reader Service Card. 


BIOSYS TVG U 


ATE 


The advanced method for peptide synthesis: 
Pre-formed Symmetric Anhydrides 


Fast, Economical, High Yields 


The Model 430A Peptide Synthesizer con- 
sistently delivers unprecedented efficiency 
and economy. It is the first automated instru- 
ment-reagent system that optimally forms 
t-Boc amino acid symmetric anhydrides. 

Symmetric anhydrides eliminate or 
suppress random and most non-random 
coupling failures. In addition, faster, more 
economical syntheses are achieved because 
the need to do double couplings for most 
amino acids is eliminated. 

High stepwise yields are routine; com- 
plete cycles take less than an hour and typi- 
cally consume less than 250 mL of reagents. 


The Model 430A Peptide Synthesizer delivers consistently higher 
vields of far purer crude product at a substantially lower cost 
per cycle than instruments employing conventional methods 
which are not optimized for each amino acid. 


Unique, Optimized Chemistry 

Each protected amino acid, sealed in pow- 
der form in an individual cartridge, is dis- 
solved and activated automatically just 
before coupling. All functions of the synthe- 


sis cycle are uniquely specified for the various 
amino acids. The Model 430A is available 
with three reaction vessels for sequential 
syntheses of different peptides. 


Easy, Touchscreen Control 


The Model 430A is simple to operate with 
its touchscreen control, yet can accommo- 
date multiple methods for the experienced 
peptide chemist. There is no computer lan- 


Peptide Sequence Edi- 
tor—one of the conve- 
nient touchscreen 
menus that provides the 
user with complete con- 
trol, plus the flexibility to 
modify existing protocols 
or write new ones to 
accommodate different 
pre-activation methods 
including FMOC. 
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guage to learn—no complicated control panel 
or keyboard to master. Pre-programmed 
algorithms automatically integrate each syn- 
thesis cycle for the shortest time, even when 
new protocols are created. 


A Complete Instrument-Reagent System 
High purity PAM and BHA resins, and a full 
line of quality amino acids, reagents and 
solvents are integral components of the 430A 
system for consistently superior perfor- 
mance. Complete user support includes the 
assistance of Applied Biosystems scientists 
and a worldwide network of trained service 
engineers. 


For More Information... 

Contact your local Applied Biosystems rep- 
resentative, one of the offices listed below 
or circle reader service number 08. 
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APPLIED BIOSYSTEMS, INC., 850.Lincaln Centre Drive, Foster City, CA 94404 + (800) 874-9868 «= In California (800) 831-3582 Telex: 470052 


IN EUROPE: APPLIED BIOSYSTEMS GMBH, Bergstrasse 104, D6102 Pfungstadt, West Germany « 06157-6036 Telex: 4191746 
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New bioseparatic 


FPLC ane 


ULTROCHROM GTi 


A fully integrated purification system, giving you multimode 
separation of macromolecules, authentic high performance 
and complete biocompatibility. 





The most versatile chromatography 
in the world 


The ULTROCHROM GTi system represents a break- 
through in liquid chromatography. It combines the 
best of FPLC and HPLC, yet retains the simplicity 
and flexibility of soft gel methods. 

The full range of separation modes lets you use it 
regularly for GFC, IEC and Hydrophobic Interaction 
Chromatography (HIC), and even for mainstream 
reversed phase chromatography, including microbore 
and fast LC. 


Proteins, peptides, nucleic acids 
and carbohydrates 


You'll get faster separation, higher resolution and increased 
biological activity (we'll show you figures ranging from 91% to 99%). 

GTi gives you completely inert fluidics. A true HPLC pump 
eliminates stainless steel at every liquid interface. From pump heads 
to fraction collector, glass, titanium and inert polymers provide a 
unique flow line that guarantees the complete integrity of your sample. 

You'll separate, purify, quantitate and recover biologically active 
proteins, peptides, nucleic acids and carbohydrates. 

And you'll automatically get results at a speed that only an advanced 
HPLC system can deliver, but with all the simplicity to let anyone use it. 
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system for both 
IPLC 


Completely integrated purification 


For the first time you'll be able to integrate complete puri- 
fication schemes on just one system. With GTi’s multi- 
mode capability you can now exploit the best chromato- 3 
graphy for any particular problem. You'll get rapid S 
analysis of sample complexity, progressive multi-step 4 
purification and successful isolation of other signi- 
ficant components. 


Unlimited potential 
Giving you more runs per day, the 
GTi bioseparation system provides 
you with a future of unlimited 
potential. It’s the complete answer. 
Easy to use, highly productive and 
totally reliable, you'll get more chro- 
matography and better results. 
And that means increased research— ahead of time. 


















Learn more 


Containing over 40 different applications, our new brochure is an 
absolute must for every life scientist, so get your personal copy today. 
Or why not let us show you how GTi can solve your purification prob- 
lems faster and better than any other separation system available. 
Get in touch. Do it now! 





BROMMA 


Head office: LKB-Produkter AB, Box 305, S-161 26 Bromma, Sweden 

Tel 08-98 00 40, telex 10492 į 

Main US sales office: LKB Instruments, Inc. 9319 Gaither Road, Gaithersburg, 
Maryland 20877. Tel 301-963-3200, telex 909870 (dom.), 64634 (intern.) í 


UK sales offices: LKB Instruments Ltd., 232 Addington Road, S. Croydon, 
Surrey CR28YD, England. Tel 01-657 8822, telex 264414 


Other sales offices in: Antwerp, Athens (for Middle East), Bangkok, Copenhagen, 
Lucerne, Madras, Moscow, Munich, Paris, Rome, Tokyo, Turku, Vienna, Zoetermeer 
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ou 
Work With 


Many Cell Types. 


So Does 
Opti-MEM’ 


Introducing the First 
Multi-use R Reduced 
Serum Medium. 


Only Opti-MEM™ I supports optimal growth with reduced 
fetal bovine serum for a wide variety of mammalian cells. Most 
cells routinely cultured in serum-supplemented medium may be 
directly transferred into Opti- MEM™ I with a minimum of 50% 
reduction in serum. In addition to its versatility, many other 
unique features make Opti- MEM" I the optimal choice for most 
cell culture needs. 

High performance. Opti-MEM"™ I actually outperforms 
ordinary serum-supplemented media in many applications. 

Stringent testing. Opti-MEM™ I is performance-tested for S ond Ny 10002 SA 
cloning efficiency and growth promotion using various : n 
mammalian cell types, including murine myelomas, hybridomas Opti-MEM™ | 
and adherent cultures. In addition, Opti-MEM™ I is tested for 570. eee 
pH, osmolality, endotoxin level and bacterial/fungal sterility. t #3201985 tore at 28°C 

Stability. Opti-MEM™ I has a shelf life of six months from . i 
date of manufacture. 

Ease of preparation. Opti-MEM™ I is ready for use in 
only three steps: add 2-mercaptoethanol (included); mix 
thoroughly; and add fetal bovine serum. 

Economy. Opti-MEM™ I not only decreases the amount of 
costly serum needed, it also is less expensive than most other 
reduced serum media. 

For more information about Opti-MEM™ I, including perfor- 
mance data for a variety of cells, ask for our free technical 
brochure. 


GIBCO Opti-MEM™ I, the reduced serum 
medium that works the way you do. 


Opti-MEM™ | was developed by Hybridoma Sciences, Inc., Atlanta, Georgia. 
| For in vitro diagnostic use. 
i GIBCO Laboratories GIBCO Laboratories 


y Life Technologies, Inc. Life Technologies, Inc. 
3175 Stanley Road 519 Aldo Avenue 
Grand Island, N.Y. 14072 Santa Clara, CA. 95050 


LABORATORIES Toll-free (800) 828-6686 Toll-free (800) 627.2510 
5 In N. Y. State (800) 462-2555 In California (408) 988-7611 a wanna ney 
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The recent IRAS (Infra-Red Astronomical Satellite) space 
project was the result of a collaboration between the US, Britain, 
and the Netherlands. 

The task of this unique cryogenically cooled satellite was to 
map the infra-red sources of outer space. It discovered hundreds of 
thousands of new sources; in this computer-generated visual of pme 
the centre of our galaxy, the bright patches show areas where new 
stars are in formation. 

Such areas are invisible to optical telescopes. The information 
from the IRAS satellite is being analysed by scientists throughout 
the world. Philips company Signaal supplied the on-board computer, 
the power supply, the communications system, and performed the 
electrical integration and tests. 
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When to blow the whistle 


A failed prosecution in the British courts has caused a political sensation; the underlying question 
is when and how professional people should disagree with their employers. 


ALL British readers of this journal are bound by a piece of 
legislation called the Official Secrets Act of 1911, consisting of 
two separate interdictions. One is a requirement that British 
nationals should not communicate information affecting the 
interests of the state to representatives of foreign governments, 
which is sensible enough. The second is an interdiction of the 
transfer of information touching the ‘‘interests of the state’’ to 
anybody not authorized to receive it, which is a hopeless piece 
of legal drafting, to say the best. This law applies to all British 
nationals but many have been required to go further than this, 
and to sign a piece of paper on which the interdictions of the 
act are printed. The purpose of ‘“‘signing the Official Secrets Act” 
as this process is described is to remind people that the act exists 
and to warn them of the huge scope of its interdictions, especially 
the second. At a guess, half of Nature’s British readers may be 
thus compromised, either because they work for the government 
or have, from time to time, given it advice. 

The chances are only meagre that these repressive provisions 
will be banished by the failure last week of the British 
government’s prosecution under the Official Secrets Act of a civil 
servant at the Ministry of Defence. The circumstances are that 
a Mr Clive Ponting leaked information to a British Member of 
Parliament about an incident during the Falklands war, the 
sinking of an Argentinian vessel with the loss of nearly 1,000 lives. 
Mr Ponting acknowledged during his trial that he had indeed 
passed on the information; his defence was that his action was 
justified because he believed the government was seeking to 
mislead the House of Commons. The willingness of the trial jury 
to accept this argument has inevitably caused a great hullaballoo, 
so much so that one British newspaper says that British politics 
is ‘‘suddenly interesting again’’. 

The issue that most immediately concerns politicians is whether 
the British government sought to cover up a shabby incident (and, 
if so, which heads should roll) and whether political advantage 
can be quarried from the mess. The danger, in all this fuss, is 
that people will forget that Mr Ponting’s problem was (by his 
account) one of conscience. He believed that his employer, a 
government department, was acting in a manner inconsistent with 
its public responsibilities. All professional people working for 
employers, whether governments or not, are at risk of running 
into such difficulties, which is why the Ponting case concerns not 
just the half of Nature’s British readership that happens to have 
signed the Official Secret Act but everybody, everywhere. 

Even govenments acknowledge that there are circumstances 
when professional people must rebel if asked to violate their public 
responsibilities. This is the spirit in which ex-officials of the Nazi 
government found, at the Nuremberg trials of the 1940s, that 
it was not a sufficient defence to say that they had been carrying 
out instructions. The problems of conscience that now arise are 
less stark than those that should have haunted the people 
convicted at Nuremberg, but in practice that is a complicating 
circumstance. It may be harder for professional people to judge 
when the duty is expected by their employers is incompatible with 
their general responsibility, while there may be a great many of 
these occasions to contend with. Where should the line be drawn 
between duty to employers and to a wider public? 

That an employee has responsibilities towards his employer is 
self-evident. Those working for commercial organizations have 





a duty not to damage their employers’ commercial interests, either 
by bad-mouthing the organization or by passing on confidential 
information (financial or technical) to others. So much is widely. 
understood and accepted, and sometimes even enshrined in law. 
Within such a framework, problems of conscience that cannot 
be tidily dealt with may easily arise. People working in defence 
research establishments, for example, may be conscientiously 
opposed to the use of nuclear weapons, poison gas or some other 
weapon system, and may thus be placed in an impossible position 
if they are asked to work on the development of such devices. 
Or, in a commercial organization, people may resent their 
employer’s diversification into the manufacture of cigarettes or 
of wire-tapping equipment or the provision of a polygraph service. 
Ordinarily, people have little hope of redress in such 
circumstances. 

If a government is constitutionally and legally within its rights 
in making novel weapons, however distasteful, or if a company 
remains within the law by taking on even anti-social or foolish 
business, there is little that an employee can do but find a more 
congenial employer. It is even proper that an employer embarked 
on such a course should be entitled to require that employees 
should not use external channels to oppose whatever decisions 
may have been reached, which is why there can be only a modest 
fund of public sympathy for, say, temperance campaigners who 
earn their livings from distilleries, or anti-nuclear campaigners 
working for electricity utilities. There is a case for asking that 
professional societies should do more to help such people to find 
other jobs, but otherwise there is little that can be done. 

Mr Ponting’s problem is more subtle, and probably more 
typical of the problems of conscience that most commonly occur. 
While not dissenting from the decision that the Argentinian vessel 
should be sunk, Mr Ponting (according to his evidence in the 
Central Criminal Court) considered that his employer was 
planning a misleading explanation of the circumstances flatly in 
conflict with the constitutional convention (in Britain, nothing 
is written) that the House of Commons should always be told 
the truth. The circumstances are exactly comparable with those 
in which, say, a technical organization may suppress information 
about the safety of its products to the ultimate users, or which 
may plan, in the conduct of its operations, to violate the law. 

When and how should people in such a position blow the 
whistle? And what protection can they then be given? At one level, 
this is almost an administrative matter. Both government 
departments and commercial organizations need to equip 
themselves with mechanisms by which those who dissent from 
planned courses of action can say so, and in such a manner that 
they can be heard by those ultimately responsible with such clarity 
that the organization is in no doubt of the charges being made 
against it. The obvious difficulty is that even whistle-blowers who 
have correctly anticipated misdemeanours by their organizations 
do not endear themselves to their bosses. The fate of complainants 
is more often unpopularity. Promotion will rarely be thrust upon 
them. Yet employers as well as employees are damaged in these 
ways. 

In everybody’s interest, there is therefore a need for some 
mechanism by which legitimate professional dissent can surface ` 
within all organizations without the personal interests of the 
whistle-blowers being damaged. This is a field to which 





p | societies should pay mo ; 

perhaps following the physicians in their largely successful 
insistence that their responsibility to their patients takes 
precedence over that to their employers. There is no reason why, 
if organizations will not take sensible steps in this direction, 
legislation should not be used to compel seemly practice. Whistle- 
blowers who have failed to win satisfaction within their 
organization might even be protected if they make their 
complaints public. o 


Embryos untouched 


The British government must act quickly if it is 


not to lose the chance to regulate research. 

AS expected, the British government is now in a fix over its plans 
to regulate research in human embryology. The danger that delay 
in following the report of the Warnock Committee last 
July with legislation would invite some lone Member of Parlia- 
ment to take pre-emptive aciton has now materialized (see p.618). 
Mr Enoch Powell’s bill is unlikely ever to become part of British 
law, given parliamentary procedures which, for practical pur- 
poses, will require either that the government should give the bill 
a helping hand or that the four private members ahead of Mr 
Powell in the queue should be willing to withdraw. Yet the size 
of the vote, and the tenor of the declarations in favour of the 
bill’s proposal that embryos should never be subjects of research, 
will be an embarrassment for the government, which has still to 
decide in what form it will bring in its own legislation. The most 
the Minister for Health, Mr Kenneth Clarke, could promise last 
week was that there would be a set of proposals ‘‘within the 
lifetime of this Parliament”, which could be three years hence. 

The issues are complicated, but can they be so difficult? The 
most serious problem with which the government has to contend 
is the emotive character of public discussion, well illustrated by 
last week’s debate, but also by Mr Powell’s frank (and 
characteristically lucid) declaration that his opposition to research 
with human embryos stems from his ‘‘sense of revulsion, deep 
and distinctive, to the proposition that a thing, however it may 
be defined, of which the sole purpose is that it may be a human 
life, should be subjected to experiment to its destruction for the 
purpose of the acquisition of knowledge’’. Logically, Mr Powell 
went on to acknowledge that it is irrelevant to this position that 
potentially valuable research may never be undertaken. 

For Mr Powell and many others, the issue is clear: a fertilized 
ovum is a human being and there is nothing more to be said. 
But is that indeed the case? A one-cell embryo can become a liv- 
ing person only if implanted in a uterus. No other means of con- 
verting one-cell embryos into people has been found. A project 
for designing artificial systems for maturation would be a daun- 
ting task, given the delicacy of the homoeostatic systems that are 
involved, most of which are still unknown. Moreover, the in- 
tervention of a real uterus and the adult woman to whom it 
belongs is more than a mere source of nourishment; it is a means 
through which an embryo wins the emotional and physical securi- 
ty of its parents for much longer than the period of gestation. 
The Warnock Committee prudently dodged the over-simple ques- 
tion ‘‘when does life begin?’’, but who can object to the pro- 
position that there can be no such thing as a living being without 
implantation? 

That conclusion is not however a licence for unrestricted 
research with unimplanted embryos. Whatever may be the poten- 
tial interest of investigations in this field, Mr Powell’s instinc- 
tive revulsion is too widely shared to be ignored. That is why it 
is generally agreed that research must at least be regulated, 
preferably by means of the open decisions of a committee not 
dominated by researchers. In the absence of legislation, anything 
is possible and will luridly be supposed to be taking place. So 
why does not Mr Clarke take a leaf from Mr Powell’s book and 
bring in a short bill of his own to set up a regulatory committee, 
to require that operations for the fertilization of human ova 
should be licensed, that those concerned should account for all 





ch embryos and also be required to seek approval in i 
for all procedures other than the use of embryos in in vitro fe 
tilization? The result would be acceptable to researchers, and 
would allow some research to proceed. It should also be accep- 
table to Mr Powell and his supporters, being an improvement 
on the present uncertainty. If it were as open as its should be, 
the procedure would also quickly nail the widespread supposi- 
tion that laboratory people are just bursting to fashion Aldous 
Huxley’s Brave New World. And Mr Clarke would then have 
time in which to deal properly with the other conundrums on the 
Warnock agenda. G 


Reactors for trade 


The plan to make the UK AEA function com- 


mercially hazards the independence of research. 
ONCE upon a time, some thirty years ago, the British govern- 
ment created the UK Atomic Energy Authority in the belief that 
only a substantially independent public corporation could fully 
exploit the civil benefits of nuclear energy, previously a military 
business. For much of the early period of its existence, when most 
universities lived on shoestrings, the authority was one of the chief 
agents of research and an important source of technical innova- 
tion in Britain. But over the years, its pride has been dented in 
several ways. Thermonuclear power has proved less accessible 
than it seemed in 1958, thermal reactors went through a bad patch 
and the original hope that most British electricity would by now 
be generated in a careful mix of fast and thermal reactors has 
been put off for at least another thirty years. Then, last week, 
there came the final humiliation, for the authority is to be con- 
verted into what the British Treasury calls a ‘‘trading fund’’, 
organized as if it were a commercial entity which nevertheless 
will depend on the government. 

This decision, announced by the Department of Energy on 11 
February, is consistent with present British fashion of making 
as many government functions as possible into private entities 
standing on their own feet. Fair play, it is also true that much 
has changed since the authority came into being. In the past few 
years, the authority has hived off (as separate public companies) 
its interests in both fuel-processing and isotope applications (as 
British Nuclear Fuels and Amersham International respective- 
ly). The novelty of what is now proposed is that an entity which 
is essentially a research organization should be expected to run 
on commercial lines (beginning on | April 1986). The attraction 
of the new scheme is partly administrative tidiness and partly the 
hard calculation that an organization whose research is carried 
out for the nuclear power industry should win its support from 
its customers, the electricity undertakings. The first version of 
the Department of Energy’s internal report on the subject put 
the issue in these stark terms. The version eventually published 
in abbreviated form last October went some way to recognize 
that a national nuclear industry cannot politically be entrusted 
with its own research on the safety of reactors, while even the 
conduct of long-term research (fast reactors, fusion, fission 
physics) cannot be fairly lumped as a charge on electricity con- 
sumers. Mercifully, these points seem now to have been taken. 

For the time being, everybody seems mightily relieved. The 
British Department of Energy will continue to pay the authority 
for the cost of fast reactor research, now part of a joint Euro- 
pean programme. The electricity utilities will pay for research 
and development directly related to reactor systems, but the 
government will foot the bill for attendant safety research. 
Research establishments such as Harwell, which has fifteen years 
of success in recruiting outside research contracts, will be expected 
to stand even more firmly on their own feet. But there will be 
a substantial part of the authority’s present budget, concerned 
with basic research, that cannot be fairly charged against research 
contracts. Especially because most of the likely research customers 
are themselves monopolies, there are strong reasons why the 
government should match its wish to see an independent research 
capability with a determination to foot the bill. m 
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, Hubble’ s terrestrial tail 
threatens to wag dog 


Washington 

WHEN the National Aeronautics and 
Space Administration (NASA) decided to 
establish an institute to manage scientific 
operations of the Hubble Space Telescope, 
it planned a staff of 100 and a budget of 
$24 million over five years. But since the 
institute was established at Johns Hopkins 
University in 1981, NASA has seen the 
institute grow to a staff of more than 200, 
and, with the launch still at least 18 months 
away, an annual budget of $12.8 million. 
Astronomers and NASA officials are now 
seriously concerned that costs for the 
project are out of control, and that other 
worthwhile projects, such as the theoretical 
astrophysics programme (now running at 
$1 million a year) and the $50 million-a- 
year Explorer satellite programme, are 
being squeezed out. 

Total operating costs of the space tele- 
scope, including development of second- 
generation instruments and the operation 
of the Space Telescope Science Institute 
(STSI), are estimated to reach $150 million 
a year, almost one quarter of NASA’s 
physics and astronomy budget. This is on 
top of the $1,400 million it has cost to 
develop the telescope. 

Although some of the cost overruns have 
been the result of unforeseen technical 
complications in construction and in the 
necessary ground operations, the 
astronomy community has begun to look 
with growing apprehension at the 
expansion of the institute. The institute’s 
budget request for fiscal year 1986 exceeds 
$16 million; by 1989 the figure will be at 
least $21 million, without allowing for 
functions such as data archives and 
distribution and telecommunications, 
which have still not been agreed upon. 
Frank Carr, NASA’s deputy director of 
flight projects for the space telescope, has 
indicated that reserve funds have already 
been tapped to supplement this year’s 
appropriation; budget negotiations with 
STSI have been ‘‘a struggle on both sides”’. 
The staff is also still growing, and is 
expected to reach between 250 and 270 by 
the time the telescope is in full operation; 
the institute’s director, Riccardo Giacconi, 
is said to want a staff of over 400. 

The rapid growth of the institute has led 
to some drastic measures to find extra 
office space. 

One interpretation often heard in the 
astronomical community is that Giacconi 
is engaging in some not-too-subtle empire 
building, hoping to position the institute to 
assume scientific responsibility for future 
satellite observatories. Many of the 
facilities that would be needed for such 
future projects as the Advanced X-Ray 








Astrophysics Facility (AXAF) are already 
in place at Giacconi’s institute. AXAF 
would certainly be a desirable catch for the 
institute, some of whose staff, including 
Giacconi, have expertise in X-ray 
astronomy. The space telescope is 
scheduled to operate for only 15 years; 
more work at STSI would ensure continued 
employment for the institute’s younger 
scientists, many of whom are untenured. 
A spokesman for the institute said Giacconi 
had no comment to make about the STSI 
budget or possible management of AXAF. 

NASA top brass are thought to be set 
against allocating future missions to STSI, 
however. Some astronomers also have 
reservations: in congressional testimony 
last year, Robert Bless of the University of 
Wisconsin said it looked as if too much 
power was concentrated in one institution; 
Lyman Spitzer of Princeton University said 
that problems of communication are 
exacerbated in a large organization. Spitzer 









hoped that if NASA adopts the in 
model for managing future satell 
observatories they would be kept separate 
to avoid creating ‘‘one large, ponderous, — 
possibly unwieldy organization’’. 

NASA, apparently as part of an effort 
to draw the line at further expansion of 
STSI, has commissioned a comprehensive 
external review of the institute’s role from 
the National Academy of Sciences’ 
committee on space astronomy and 
astrophysics. That study, which will be 
completed in April, is headed by William 
Gordon of Rice University. Gordon. said. 
the question of whether STSI should- 
manage future observatories had been 
raised before his committee but that it- 
would be premature for him to address the 
question until. more experience had 
accumulated with STSI, which is a novel. 
experiment for NASA. Questions about. the 
space telescope operating budget have also 
been raised in an advisory panel headed by 
Jeffrey Linsky of the University of 
Colorado. Meanwhile, NASA has. asked 
scientists at Goddard Space Flight Center 
to examine how expertise and facilities 
developed for the space telescope could best. 
be applied to future satellite observatories. 
by exploiting common functions. 

Tim Beardsley 





Japanese cadaver organs 


Tsukuba group murder charge? 


Tokyo 

CONTROVERSY in Japan over the use of 
brain death (the absence of brain electrical 
activity) as a criterion of death is being 
heightened by a new legal challenge. Last 
week a group composed largely of Tokyo 
University Hospital doctors asked the 
Public Prosecutor’s Office to charge a 
Tsukuba University group of three doctors 
with murder for their part in an operation 
performed last year. 

In September, the Tsukuba group had 
operated on a 43-year-old woman who had 
collapsed from a stroke. All signs of brain 
electrical activity had ceased when the de- 
cision was made by the three doctors, Yoji 
Iwasaki, Katashi Fukao and Tadao Nose, 
to remove kidneys, pancreas and liver from 
the woman for a transplant operation. At 
the time, the woman’s heart was still 
beating. It was the first time that such an 
operation had been performed in Japan. 

Now, the 17-member Patients Rights 
Study Group has filed a complaint with the 
prosecutor’s office on the grounds that, 
because the heart was beating, the patient 
was alive and the taking of organs thus 
tantamount to murder. 

The case strongly recalls that of Toshiro 
Wada, who performed Japan’s first heart 
transplant operation at Sapporo Medical 
College, Hokkaido in 1968. He, too, had 
taken brain death as the criterion of death 
before removing the heart of a drowned 
man for transplantation. A similar murder 
complaint was made by a volunteer group 





but ultimately the case was dropped. 

The furore unleashed at the time was, 
however, sufficient to prevent anyone 
attempting another heart transplant. It was 
only this year that the Ministry of Health 
and Welfare once more initiated a pro- 
gramme to build a consensus for public ac- 
ceptance of brain death that would allow 
heart transplants to resume after a 17-year 
lapse (see Nature 313, 338; 1985). The new 
legal action is likely to bring matters to a 
head much more quickly than expected. 

Reaction to the indictment from the 
medical profession has been mixed. Some 
have expressed regret that the Tsukuba 
operation was performed before attempts 
to have brain death accepted by public and 
doctors had made much progress. There is ` 
a fear that the public will now be led into 
thinking that the use of a brain death cri- 
terion will give doctors a free hand to trans- 
plant organs at will. On the other hand, 
there are those who think the case will 
actually hasten the preparation of new leg- 
islation aimed at making brain death the 
legal criterion of death. 

Soon after the announcement of the in- 
dictment, a group of Diet members, drawn 
from all political parties, set up a Life 


‘Ethics Problem Study Parliamentarians 


League. The league contains lawyers, 
doctors and government officials as well -as 
Diet members and hopes speedily to ascer- 
tain whether it is necessary to prepare a new”. 
law concerning the legal criterion of death. 

Alun Anderson: 





Wars 





Washington 

INITIAL research and development on the 
Star Wars ballistic missile defence 
programme will probably cost more than 
$70,000 million, according to a coalition of 
arms control groups opposed to the 
programme. The group, called the National 
Campaign to Save the ABM [Anti-ballistic 
Missile] Treaty, said last week that the 
usual desciption of the Strategic Defense 
Initiative (SDI) as a five-year, $26,000- 
million research project is merely an 
artefact of the Pentagon’s five-year 
planning window, and does not reflect the 
true extent of the effort. 

With the release of the proposed 1986 
budget, the programme has already become 
a six-year, $33,000-million research effort; 
the arms control groups said that the ten- 
year research phase called for in SDI plans 
could reach as much as $100,000 million, 
and drag on an extra three years, if cost 
overruns characteristic of Pentagon 
weapons-system development programmes 
occur. 

SDI plans call for a decision on 
deployment to be made in 1983. The arms 
control groups’ report, prepared by John 
Pike of the Federation of American 
Scientists, notes, however, that the SDI 
¿soffice may be unable to spend its money 
as quickly as it hopes to receive it. While 
most Department of Defense programmes 
= manage in any given year to disburse about 
half of the funds appropriated in that year 
(and about a quarter in the following year), 
> the SDI programme has been able actually 
to spend only one-third of its money in the 
year it was appropriated. 


apee 





w > 
A eee ee PAE NOM 









> 


p 


§ 1,000 million 


























BS 
meee Eee Oa 


6 noon iil i 
1955 1960 1965 1970 1975 1980 1985 1990 
ca Research me Deployment 





- The costs of the US Strategic Defense Initiative and 
predecessor programmes, expressed in “constant” 
dollars at fiscal year 1986 price levels. The ‘‘deploy- 

`: ment”? costs refer to the deployment during the early 

1970s of the US anti-ballistic missile system. 


The arms control groups’ emphasis on 
the budgetary consequences of Star Wars 
appears to be a shift in strategy. Until now, 
the arguments against Star Wars have 
centred on its technical unfeasibility and its 
destabilizing effects on the balance of 
strategic power. The budgetary argument 
appears designed in part to counter the 
Reagan administration’s argument that the 
programme is only a research effort. ‘‘Its 





True cost still growing 


massive budget will create pressures for 
deployment”, Pike said. The report also 
charges that the programme will involve 
testing of actual anti-missile prototypes, 
possibly violating the ABM treaty (which 
forbids any testing of space-based, air- 


Great idea! We stack the money 
vp ina defensive, 


Shield | 





based, sea-based or mobile land-based 
systems or components). According to the 
report, the following hardware is scheduled 
for testing during the research and 
development phase: 
© Booster surveillance and tracking 
system. Components of this mid- 
wavelength infrared system are due to be 
tested on early-warning satellites in the 
mid-1980s; operational testing, in which the 
system would be used to track missiles in 
their boost phase, is planned for the early 
1990s. 
@ Space surveillance and tracking system. 
Operational capability is scheduled for the 
early 1990s for this long-wavelength infra- 
red sensing system, which may be able to 
detect thermal ‘‘signatures’’ of missiles in 
mid-course. 
@ Terminal imaging radar. A 
demonstration of this X-band radar, 
designed to discriminate between decoys 
and warheads, is planned for the late 1990s. 
@ Lasers and neutral particle beams. 
Space-based and ground tests will take 
place in the 1990s. 
@ Pointing and tracking mechanism for 
nuclear-pumped X-ray lasers. A space- 
based test of the pointing and tracking 
component is planned. 
© Ground-based rocket interceptors. Tests 
are planned of the High Endo-Atmospheric 
Defense System (HEDS) as well as a 
follow-on to the Homing Overlay 
Experiment using smaller interceptors. 
@ Rail guns. Space-based tests of a 
hypervelocity launcher are planned for 
early 1990s. 
© Rocket-propelled space-based launchers. 
Tests in space of this system, which follows 
the lines proposed by the High Frontier 
organization, are expected in early 1990s. 
Stephen Budiansky 
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Europe to ban 
without proof? 


Brussels 

POLITICAL pressure from member states of 
the European Community on the use of 
synthetic hormones in farm livestock may 
mean that scientific opinion is overridden. 
While European consumer groups, led by 
the Bureau of European Consumers’ 
Unions (BEUC), prepare another veal 
boycott over the use of growth hormones 
(which increase the weight of calves and 
beef cattle and make them more 
manageable), the Commission is alarmed 
that a scientific report on growth promoters 
that it has commissioned will be preempted. 

In February, BEUC accused the 
European Commission of procrastination 
in producing the report on the controversial 
artificial growth promoters trenbolone and 
zeranol (which imitate the activity, 
respectively, of testosterone and 
oestradiol). The report is being drawn up 
by a special scientific group on anabolic 
agents led by Professor Eric Lamming of 
the University of Nottingham and was 
originally due last autumn. BEUC regards 
the delay as an attempt by the Commission 
to renege on earlier commitments made in 
the wake of the hormone scare in 1980 in 
Italy, when babies fed with babyfood made 
with veal containing synthetic hormone 
residues began precociously developing 
sexual features, not necessarily those of 
their own sex. 

Although European farm ministers 
originally said they were in favour of a ban 
on the use of all hormones for fattening 
purposes, pressure from the French and US 
veterinary industries as well as member 
states where synthetic hormones are widely 
used, led to a subsequent Commission ban 
on only the most dangerous of the synthetic 
hormones — stilbenes and thyrostatic 
substances. 

As well as expressing concern for 
consumers’ health, BEUC insists that the 
present 700,000-tonne beef surplus in the 
Community constitutes an argument 
against the use of growth promoters in 
livestock on economic grounds. Only the 
United Kingdom, Ireland and Luxembourg 
use synthetic hormones. West Germany 
permits the use of natural hormones, but 
the use of all hormones for fattening 
purposes is banned in the remaining 
member states. 

After looking at the evidence compiled 
by the Lamming group, the Community’s 
scientific, veterinary, animal nutrition and 
food committees last April urged the intro- 
duction of strict precautions in using 
natural hormones (17f-oestradiol, 
testosterone, progesterone and their less 
stable additives) and more effective 
monitoring. BEUC wants a strict system of 
controls as well as labelling stating clearly 
that the meat contains no added hormones. 












hormones still allowed as additives, 
trenbolone and zeranol, is that the data are 
considered insufficient. Partly in answer to 
requests by the industry the Commission 
agreed to further research and reconvened 
the Lamming group. Its failure to report 
last autumn is seen by BEUC as an 
indication that the European Commission 
“is: bowing yet again to pressure from 
member states and interested parties. 
European Commission officials deny this 
but admit that political pressure is so 
strong, on both sides, that scientific views 
may not really be taken into consideration. 
The report may not now appear before 
the end of 1985, but, according to 
Professor Lamming, the reasons behind the 
delay are technical. Consumer concern, he 
says, has generated much new research into 
the two compounds. Analysing all the data 
takes time. 
The evaluation of the latest data has also 
. raised questions about the reliability and 
relevance of test methods. The immediate 
objective is to tell whether there is a 
threshold dose of hormones below which 
no effects appear, but this is more than 
usually complicated by doubts about the 
relevance of tests with laboratory species 
to the potential hazards of such compounds 
in humans. Anna Lubinska 





Danube dam stopped 


Work on the controversial Gabcikovo- 
Nagymaros hydroelectric project (see 
_ Nature 311, 293; 1984 and 313 171; 1985) 
has now been halted, Mr Matyas Szuros, 
secretary of the Central Committee of the 
Hungarian Socialist Workers’ Party reveal- 
ed last week. This means, in effect, that the 
Czechoslovak government has agreed to a 
moratorium on the almost completed diver- 
sion and dam at Gabcikovo. Work on the 
Hungarian dam at Nagymaros was stopped 
in 1981 for lack of funds and under 
pressure from Hungarian ecologists fear- 
ing irrevocable damage to the water-table 
of north-west Hungary, destruction of 
river-life and the drowning of the scenic 
“Danube Bend”, Budapest’s chief resort 
area. 

Interviewed on Budapest radio, Szuros 
explained that when the agreement for the 
scheme was first signed in 1977, the effect 
on the environment could not be 
calculated. The two governments, Szuros 
said, had modified the original agreement 
“on the basis of mutual agreement” in 
1983. This would imply that the mora- 
torium had been agreed before the en- 
vironmentalists’ petition against the dam 
and the clamp-down on public discussion 
of the project at the beginning of 1984. 

According to Szuros, there is now until 
the middle of 1985 to ‘‘analyse in a com- 
prehensive way, carry out scientific 
research and assess the potential further ef- 
fects on the environment” of completion 
of the project. Vera Rich 
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Radioactive waste 


Disunited states 


Washington 

STATES could soon face serious problems 
disposing of low-level radioactive waste, 
unless efforts now under way in the US 
Congress succeed in breaking the political 
stalemate which, for the past four years, 
has prevented the development of new dis- 
posal sites. 

The radioactive waste materials con- 
cerned consist mostly of discarded labora- 
tory equipment and clothing. Arrange- 
ments for the disposal of highly active 
wastes, such as arise in fuel reprocessing, 
are covered by separate legislation. 

A law passed in 1980 gave states until I 
January 1986 to form themselves into 
regional compacts responsible for their own 
waste disposal, after which date the three 
existing disposal sites would be able to 
exclude waste from other regions. States 
lacking their own disposal sites have, how- 
ever, blocked the required congressional 
approval allowing them to do so; in retali- 
ation, the three states with sites have 
threatened to close them down completely 
if they are required to take out-of-region 
waste after next year. It is still unclear how 
a short-term crisis will be avoided. 

Some 2.7 million cubic feet of low-level 
waste are produced each year in the United 
States, half of it by electrical utilities and 
half by hospitals and research institutes. 
The need to develop new sites will become 
urgent as the rate of waste production in- 
creases; roughly 40 per cent more waste will 
be produced each year by 2007. Most states 
have now reached provisional compact 
agreements under the low- level radioactive 
waste policy act, but as choosing and 
developing a suitable site can take five 
years, some urgent interim arrangements 
are necessary. Congress is thought unlikely 
to grant the necessary approval for 
formation of regional compacts until a 
solution to the immediate problem is 
found. 

The latest attempt at a political solution 
is a bill introduced in the House of Repre- 
sentatives by Congressman Morris Udall 
(Democrat, Arizona). Udall’s bill, which 
arose out of extensive consultations with 
state governments, would require states 
without disposal sites to submit within one 
year plans for developing sites; the states 
with operating sites would be obliged to 
continue taking limited quantities of out- 
of-region waste until 1993. Udall’s bill, 
which is in the form of an amendment to 
the 1980 act, would also provide a standard 
form of agreement for compacts. But even 
in the bill does prove politically acceptable, 
in its present form it would provide only 
a partial solution to the growing waste 
problem. 

There is general agreement among states 
that the two major sites now in operation 
(at Barnwell, South Carolina, and 
Hanford, Washington) should take less 











urged to act 
waste in future than they do now. Under” 
Udall’s proposal they would have to:‘take™ 
each year only 60 per cent of the amount 
of waste they received from outside their 
compacts in 1983; a third, much smaller, 
site in Nevada would have to take only . 
150,000 cubic feet of out-of-region waste. 
Udall makes no provision for the remain- 
ing 40 per cent, and some states are making 
plans for drastic action. oS 

One widely discussed option is that 
power companies might be required to store 
their low-level wastes at power stations for 
five years, after which time it is hoped new . 
sites will be nearing completion... The 
proposal is, not surprisingly, being resisted 
strongly by the utilities; the American’. 
Nuclear Energy Council, a lobbying group, 
is pushing for ‘‘good faith agreements” 
between states to ensure continued access 
to the existing sites. But supporters of the ` 
five-year storage idea point out that it. 
would reduce waste production to under 60 ` 
per cent of the 1983 level and so perhaps ` 
solve the crisis. 

Although not included in Udail’s bill, the 
five-year storage plan is likely to be 
discussed at forthcoming meetings of state 
representatives where the waste issue will 
be tackled. There is, however, general re- 
cognition that any solution is likely to be’ 
fraught with legal complications, because ` 
agreements between states come close to the 
dangerous ground of balance of power be- 
tween states and the federal government. 

Two provisional regional compacts have | 
already been submitted for approval in the 
99th Congress and three more are expected 
to follow shortly. The outlines, at least, of 
compact agreements can be discerned for 
most of the country, though with negotia- 
tions at different stages. Negotiations 
centre on procedures for deciding where in 
each compact a new disposal site would be 
built; some compact agreements specify, 
for example, that all member states produc- ` 
ing more than a certain percentage of total 
waste must have a site in their own 
territory. 

The major political log-jam is in the 
north-east of the country, where 
Massachusetts and New York, both major 
producers, have refused to form compacts 
with New England states. Massachusetts, 
under a state law known as chapter $03, 
cannot join a compact or approve a site de- 
cision until a public referendum is held — 
which cannot be until mid-1986, after the 
legal deadline for formation of compacts. 
Both New York and Massachusetts may be 
forced to consider temporary storage 
facilities and to impose draconian waste- 
reduction measures that would go beyond 
the voluntary efforts made so far. As for 
what will happen in the longer term, the — 
answer is, in the words of one analyst fol- 
lowing the issue, ‘“‘anybody’s guess’’. 

Tim Beardsley: 








Supercomputers: 


Intel’s hypercube architecture 


Washington 

INTEL, the computer-chip manufacturer, is 
coming out with the first of what it hopes 
will be a new generation of supercomputers, 
inexpensive machines that offer high com- 
putational power by hooking many small 
computers together in parallel operation. 
The Intel machines, which will initially be 
offered in configurations consisting of 32, 
64 or 128 separate computers, or ‘“‘nodes’’, 
are to be aimed specifically at scientific 
users, o those tackling large-scale 
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A hypercube connects N = 2” small computers, called 
nodes, through point-to-point communication channels 
in the Cosmic Cube. Shown here is a two-dimensional 
projection of a six-dimensional hypercube, or binary 
6-cube, which corresponds to a 64-node machine. 
modelling problems in areas such as fluid 
dynamics and circuit simulation. 

The chief attraction of the Intel 
computers is certain to be their price, which 
will range from $150,000 for the 32-node 
model to $520,000 for the 128-node. The 
largest has a peak capacity of 10 million 
floating-point operations per second 
(MFLOPS), or about 25 times that of 
Digital Equipment Corporation’s VAX 
11/780, which costs about $225,000. 
Perhaps the most familiar supercomputer, 
the Cray-1, costs $5-10 million. Intel has 
announced that its computers will be avail- 
able this summer. 

Unlike the other parallel-processing 
supercomputers on the market, the Intel 
machines break totally with the conven- 
tional computer architecture based on exe- 
cuting a series of instructions in sequence. 
Each node consists of a separate central 
processor, floating-point processor and 
512-kbyte random-access memory. 
Memory is not shared between the separate 
nodes. Each node can communicate with 
those adjacent to it in a hypercube layout 
(see diagram). In essence, the idea is to 
increase performance by stringing together 
many cheap processors, taking advantage 

“of the recent advances in Very Large Scale 
Integration technology that have sent prices 
plummeting, rather than spending more 
and more on ultimately diminishing returns 
in attempting to improve performance of 

» individual processors. 


Intel’s problem with this, its first entry 
into the marketing of complete computer 
systems, is that people do not know how 
to program highly-parallel processors. Al- 
though the company says it is encouraging 
third parties to develop applications soft- 
ware, it is offering only an operating system 
initially. Conventional supercomputers, 
such as the Cray, allow users to write their 
programs in the ordinary sequential man- 
ner; smart Fortran compilers (for example) 
are then employed to pick out the steps that 
can be executed simultaneously. The Cray- 
type parallel processor operates most ef- 
ficiently when tackling, for example, vector 
arithmetic operations; its parallel process- 
ors can simultaneously perform the re- 
quested operation on each element of the 
vector. The inherent disadvantage of this 
approach, however, is that the overall exe- 
cution is still sequential, and the high speed 
gained in vector operations inevitably runs 
into a ‘‘bottleneck’’ when single scalar 
operations are reached during the program. 

To program the Intel-type machine 
successfully, the problem has to be split 
into independent pieces that each node can 
tackle simultaneously. In fluid dynamics 
problems, for example, each node can be 
assigned one sector of coordinate space; 
since the underlying physical laws involve 
only nearest-neighbour interactions of par- 
ticles, each sector can be computed inde- 
pendently; the only communication 
between nodes that is necessary is the result 
at the edge of each node’s sector. 

In dealing with such problems, each node 
is used to its fullest, unlike the Cray-type 
machine which operates in practice only at 
5-20 per cent of its peak capacity. (The 
Cray-1 has a peak capacity of about 160 
MFLOPS.) 

In justifying its somewhat daring move, 
Intel points to a potential market for such 
“near supercomputers” of $100 million 
now, reaching ten times that in 1990. 
Supercomputers now account for $300 
million of the scientific computing market, 
estimated to be at least $2,000 million. Intel 
clearly also has its eyes on the National 
Science Foundation’s plans to support the 
establishment of supercomputer centres 
and to purchase time on existing machines 
in response to a considerable perceived de- 
mand for scientific supercomputing. 

The Intel machines are based on the 
design developed by Charles Seitz, a re- 
searcher at California Institute of Techno- 
logy. Intel is licensing the design from 
Caltech. Stephen Budiansky 





Correction 

THE article “Corporate plans all the rage” 
(Nature News 31 January, p.341) incor- 
rectly states that the Ordnance Survey is the 
responsibility of the Ministry of Defence 
rather than the Department of the 
Environment. g 





Japan Prize 


First awards 
go overseas 


Tokyo 

JAPAN’S answer to the Nobel prize was 
launched on 15 February with the 
announcement of the first two Japan Prize 
laureates. Honoured by the Science and 
Technology Foundation of Japan were 
Ephraim Katchalski-Katzir of the 
Weizmann Institute of Science, Israel, and 
John Robinson Pierce, professor emeritus 
of Stanford University in the United States. 

The Science and Technology Foundation 
is itself the creation of its president, 
Konosuke Matsushita, founder of the vast 
Matsushita Electrical Industries, Japan’s 
fifth biggest company. Matsushita is well 
known as a philanthropist and even 
philosopher; he established the spiritual 
and educational PHP (peace and happiness 
through prosperity) movement that has 
gained enormous popularity in Japan. 
Although Matsushita donated 3,000 million 
yen ($12 million) to establish the Prize, he 
has stayed very much behind the scenes 
since — the foundation is officially a non- 
profit foundation endorsed by the Cabinet 
for the awarding of medals of honour. The 
foundation’s funds have, however, made 
it possible to give a prize of Y50 million 
($200,000) with the medal. The Japan Prize 
thus rivals the Nobel prize financially; the 
intention is that with the passage of time 
it will also rival it in prestige. 

The Japan Prize’s aim is a little different 
from that of the Nobel prizes: it is intended 
for those who have achieved breakthroughs 
that can clearly be put to work in new ways 
that will ‘‘contribute to world peace and 
prosperity’’, rather than at discoveries in 
basic science. Perhaps the prize will help 
in some way to overcome Japan’s 
inferiority complex that the development 
of original new technology is in some sense 
a less creative endeavour than research in 
pure science. 

For this first year, three target areas — 
biotechnology, medical engineering, and 
information and communication — were 
selected and nominations of scientists in 
these fields sought from well-known 
academics around the world. Some 432 
recommendations for 291 candidates were 
received, roughly two-thirds of them from 
outside Japan. A 24-member committee, 
split into sub-groups for the three areas, 
then chose just two laureates. 

Considerable surprise was expressed (by 
members of the Japanese press, at least) 
that no Japanese was chosen for the prize 
even though Japan has made a considerable 
contribution in the three areas. The 
simplest explanation, other than plain 
modesty, seems to be that the principal 
Japanese workers in these areas were all 
members of the selection committee. 

In the biotechnology category, Ephraim 
Katchalski-Katzir was awarded the prize 









for the development of the immobilized 
enzyme systems now in widespread use in 
bioreactors and bioanalysers, which have 
done much to trigger the present 
biotechnology boom. He showed in the 
1960s (see for example Nature 188, 856; 
1960) how the charge distribution and the 
hydrophobic and hydrophilic properties of 
enzymes affect their interaction with a 
carrier agent and their. catalytic activity, 
thus making it possible to define criteria for 
selection of. proper enzyme carrier 
materials.. Japanese companies now lead 
the world in immobilized enzyme tech- 
nology: and. the prize may thus partly 
acknowledge a debt to his pioneering work. 

Professor Katchalski-Katzir is now 69 
and a professor at the Weizmann Institute. 
He also served as Israel’s president from 
1973 to 1978, continuing a tradition which 
began with Chaim Weizmann himself that 

















‘prominent scholars should hold the 


presidency. 

In the information and communication 
category, John R. Pierce received the prize 
for a number of studies, among them his 
leading role in the development of pulse 
code modulation theory which has made 
possible the digital communications 
technology now coming into use 
everywhere. His other key discoveries 
include the Pierce gun, the key to the design 
of practical travelling wave tubes and now 
in use in microwave communications 
systems, and the Pierce loop, which has 
made possible the rational design of Local 
Area Networks. Professor Pierce, now 75, 
has been guest professor at the Stanford 
University’s Center for Computer Research 
on Music and Acoustics since his retirement 
as head of research at Bell Laboratories. 

Alun Anderson 





Chinese reactors 


China plans for independence 


CHINA’S nuclear industry must switch 
from military to civilian aims , Li Pong, 
vice premier of the State Council, urged last 
month. Addressing a ‘‘work conference” 
of the Ministry of the Nuclear Industry, he 
called for the ministry to direct its main ef- 
forts to nuclear power generation, while at 
the same time to diversify by providing ser- 
vices on a contract basis to other branches 
of industry. This could entail a major 
change from the defence-orientated stance 
in which good economic returns were 
desirable but not the prime necessity to a 
more cost-effective approach. 

Li Peng’s remarks have been widely 
publicized in the Chinese media, and con- 
trast oddly with the last major coverage of 
nuclear matters — the twentieth anniver- 
sary, last October, of the first Chinese 
nuclear bomb. (Among more overtly politi- 
cal issues, it was noted, on that occasion, 
that the Lop Nor test site has made a good 
ecological recovery, with burgeoning grass 
and gazelles.) Much of his speech, however, 
related rather to the reform of the Chinese 
economy; the need to develop ‘‘horizon- 
tally” and the role of technology transfer 
in achieving the ‘“‘four modernizations’’. As 
an example, he urged that the technology 
for exploiting uranium mines developed by 
the Ministry of the Nuclear Insdustry could 
be transferred to the coal and non-ferrous 
ore sectors. He also took the opportunity 
of annoucing the government’s decision on 
the vexed question of ministerial respon- 
sibility in nuclear power development. Res- 
ponsibility for the construction of large- 
scale nuclear power stations, Li Peng said, 
would rest with the Ministry of Water 
Resources and Electric Power, while the 
construction of the ‘‘nuclear island” would 
be borne by the Ministry of the Nuclear 
Industry. 

Nuclear power in China, Li Ping sug- 
gested, must gradually become a complete- 
ly Chinese matter. The Ministry of the 





Nuclear Industry already possessed, he 
said, a complete system for processing 
nuclear materials ‘‘from the exploration 
and exploitation of uranium mines to the 
post-processing of irradiated fuel’’. This 
expertise must be used so that nuclear fuel 
can be supplied to the power stations by 
Chinese enterprises, and so that a complete 
nuclear fuel cycle can be established. 

The publication of Li Peng’s speech was 
delayed for three weeks to coincide, on 24 
January, with the start of construction of 
what was officially described as the first 
nuclear power plant designed and built ex- 
clusively by China. This is the 300 MW 
pressurized-water station at Qinshan, which 
will serve the east China industrial network 
centered on Shanghai. The Qinshan station 
is expected to provide a ‘‘complete range 
of experience for building power plants’’, 
and hence will have a key role in Chinese 
plans to contruct a total nuclear capacity 
of 10 GW by the end of the century. 

Following Li Peng’s lead, Chinese 
spokesmen have stressed the indigenous 
nature of the project, and rumours that 
China planned to purchase two nuclear- 
powered generating facilities from the 
Soviet Union under the 1986-1990 Sino- 
Soviet economic and trade agreement have 
been strenuously denied by the Chinese 
Foreign Trade Ministry. 

But the Qinshan project may be less than 
exclusively Chinese. The reactor presssure 
vessel and reactor main coolant pump will 
be built by West German and Japanese 
companies to Chinese designs, and the de- 
sign of all major equipment has been 
checked by consultants from the United 
States and Italy. Moreover, according to 
Zhou Ping, vice minister of the Nuclear In- 
dustry, the experience gained at Qinshan 
will enhance China’s capacity to absorb im- 
ported nuclear power technology, paving 
the way for the import of large complete 
generating sets. Vera Rich 




















French reactors 


Problems only 
of plenty 


FRENCH nuclear power strides on — even ~ 
though the major nuclear constructor, 
Framatome, is tottering and the first 
commercial-scale fast breeder, Super- 
phénix, is suffering problems that could 
delay its start-up by one or two years. 

First, the good news. Last year, French 
900-MW pressurized water reactors 
(PWRs, the bulk of the stations now 
operating) achieved an availability (energy 
delivered over energy theoretically avail- 
able) of 79 per cent. These would seem to 
be extraordinary figures in relation to the 
results of only a couple of years ago, when 
availablity was in the sixties, and again con-.. 
firm the claims of Electricité de France 
(EDF), the national utility, that these were 
only ‘‘teething problems” in reactors which: | 
were mostly very new. The first two < 
1,300-MW PWRs, Paluel | and Paluel 2, ` 
also came on line last year and reached full 
power in late December bringing — with 
the other reactors — some 178 TWh of 
nuclear energy into the French grid in 1984 
(compared with British nuclear power 
production in the same year of 34 TWh). 

The trouble now is that with many more 
PWRs under construction, France really 
needs no more electricity, and Framatome 
is in dire need of diversification. The 
problem can be solved only by finding new 
industrial partners (or products), by selling 
reactors abroad or by exporting electricity. 

All options are open. On electricity 
exports, EDF nearly doubled to 25 TWh 
the amount of electrical energy exported 
from France in 1984, and plans to do better 
in 1985 with the establishment of a high- 
power cross-Channel link with the British 
grid. On the export of reactors, Framatome 
is bidding hard for contracts in Egypt and 
in Israel. France, it is believed, is prepared 
to let Israel buy its reactors without 
demanding that Israel sign the non- 
proliferation treaty — the stumbling block 
for a deal with the US company 
Westinghouse in the 1970s. 

Meanwhile, Superphénix, the great white 
hope for European nuclear power in the 
next century, has been troubled by 
vibrations in certain components in the 
sodium cooling circuit, now under test 
before what was to be the fuelling of the 
reactor this summer. The elements are 
baffles in the stainless-steel ‘‘cauldron’’ in 
which the fuel elements sit, and they appear 
to vibrate, when the sodium is introduced 
and pumped. The problem is whether to 
rebuild the baffles, which could cause a 
lengthy delay in the operation of the 
reactor, or to load the fuel and hope the 
problem goes away when the reactor 
reaches its working temperature of 425°C, 
some 75°C above the temperature at which 
preliminary tests have been conducted. - 

Robert Waigate. 


Embryo research 





British Commons votë for ban 


IN Britain last week, the House of 
Commons passed by a large majority (238 
votes to 66) Mr Enoch Powell’s emotively 
titled “Unborn Children (Protection) BiH” 
(see Nature 7 February, p.417), challenging 
both government and opposition alike. If 
the bill becomes law, all experiments on 
human embryos will be banned and it will 
be illegal to have in one’s possession an 
embryo produced by in vitro fertilization 
(IVF) unless it is to be implanted into the 
uterus of a named woman with the aim of 
bringing the embryo to full term. For this, 
the permission of the Department of Health 
will be necessary. 

Mr Kenneth Clarke, Minister for Health, 
represented the government’s view, which 
is to introduce comprehensive legislation at 
some future date, based on the findings of 
the Warnock Committee (see Nature 312, 
389; 1984). Despite pressure from back 
benchers in his own party, Mr Clarke re- 
fused to set a date for such a bill. The 
Warnock Committee took nearly two years 
to produce its report and the government 
has now invited comments on it from in- 
terested organizations. More than 120 such 
depositions have so far been received 
among which there is ‘‘little unanimity”. 
Mr Clarke said that all these views must be 
considered before the drafting of any legis- 
lation, which will encompass much broader 
issues than the current bill, including sur- 
rogacy and the intricate problems of the le- 
gitimacy of children born through IVF or 
other techniques, 

Mr Michael Meacher, the Labour oppo- 
sition spokesman on health, somewhat un- 
usually on the same side as the government, 
also spoke against the bill, arguing in 
favour of regulated research and pointing 
out the huge procedural task involved for 
the Department of Health in assessing IVF 
applications. He also warned of the wider 
implications of the bill for contraception 
and abortion. 

Those in favour of the bill, however, had 
simpler points to make. Mr Powell’s view 
is that embryos are people, and that killing 
people is wrong; he acknowledged last week 
that his bill would impede research, at least 
until other means are found, but said that 
this is the lesser evil. The spectre of the Nazi 
scientist was raised by several Members of 
Parliament (MPs), who felt that a blanket 
prevention of embryo research is safer than 
regulated licensed experiment. Mr fan 
Paisley and Mr Norman St John Stevas 
both supported the bill on religious 
grounds, arguing that it is morally wrong 
to create life in order to discard it later. 

Arguments against the bill plainly failed 
to impress most MPs. Ms Clare Short 
pointed out that the ‘‘test-tube’’ babies 
alive in Britain today would not have been 
born had the bill been law before the tech- 
niques had been developed. Several MPs, 
including Mrs Renee Short, Mr William 








Hamilton and Mr David Couch (the parlia- 
mentary lay member of the Medical 
Research Council), described the potential 
benefits of IVF research in elucidating the 
causes of genetic defects and investigating 
male and female infertility, as well as the 
need to improve the success rate of IVF 
techniques. Despite these arguments, 170 
Conservative MPs voted in favour of the 
bill, including the Leader of the House of 
Commons and the Chief Whip, on a free 
vote. 

Next, the bill must pass through the com- 
mitee stage. The government’s failure to 
prevent the bill so far and the bill's 
popularity with its own MPs will make it 
more difficult for it to delay or prevent the 
bill from passing through this notoriously 
thorny procedural step. The bill will also 
have to be passed by the House of Lords 
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cola: remove much of the bill’s support by 
announcing a definite timetable for its own 
legislation based on the findings of the 
Warnock report. Many of the Conservative 
MPs who voted for the bill last week would 
prefer government-sponsored legislation, 
but, in the absence of a definite date, would 
prefer to ban experimentation altogether 
than allow it to continue under present 
legislation. 

Lady Warnock, speaking this week at 
King’s College London, said that if the bill 
became law, the National Health Service 
IVF programme in Britain would end. She 
also explained that the minority opinion 
dissenting from her report’s recom- 
mendation of a 14-day limit for embryo 
research and the reason why ‘‘people 
genuinely believe that science is up to no 
good” stemmed from the fear that the limit 
would not be adhered to rather than from 
opposition to experiments as such. 

Maxine Clarke 





French influence on Britain 


PROFESSOR Jérôme Lejeune, the French 
geneticist who discovered the trisomy of 
chromosome X21 that causes Down’s syn- 
drome, seems to have had a great influence 
over British Members of Parliament (MPs) 
in their vote last week on human embryo 
research (see above). 

A week before the debate, Lejeune ad- 
dressed MPs and argued strongly that the 
research was unnecessary. So, repeatedly 
in the debate, MPs were quoting this “most 
eminent geneticist” in justification of their 
votes. Lejeune, brought to Britain for the 
debate by the anti-abortion lobby, is 
described by some British scientists as a 
“very religious and very conservative ” 
Roman Catholic. 

In France, Lejeune is an active member 
of the pro-life lobby Laissez-les Vivre. Last 
week, he was quoted by MPs such as Mr 
Norman St John Stevas (who backed the 
bill), as saying that ‘(embryonic research] 
is not necessary” and by Sir Bernard 
Braine, who said that “It is clear from what 
he says that it is misleading nonsense to 
assert that experimentation up to 14 days 
can add anything at all to our knowledge 
of diseases such as muscular dystrophy... 
or cystic fibrosis’’, as by then the relevant 
tissues have not developed. 

According to Sir Gerald Vaughan MP, 
Lejeune claimed at the pre-debate meeting 
that benefit from embryonic research was 
“very unlikely’’, and that ‘‘when one con- 
siders congenital conditions, the most pro- 
fitable lines of research all lie in the 
chemical and vitamin field, many of them 
dealing with the mothers and not with the 
embryo”. 

This is Lejeune’s line of research at the 
University of Paris, where he heads a group 
(at Paris V) investigating the role of 

**monocarbons’’, or C radicals active in 
the developing brain, in causing Down’s 





syndrome. 

Strangely enough, however, Lejeune’s 
impact in France has been less than it 
appeared in Britain last week. The director 
of the French medical research council's 
research unit on reproductive physiology 
and psychology, Dr Emile Papiernik des- 
cribes Lejeune as ‘‘a descriptive scientist, 
not in the field of experimentation”. He 
added that in Britain ‘‘there seems to be a 
very conservative feeling at the present 
time”. 

Lejeune, speaking from Paris on Mon- 
day, said he was ‘‘very honoured” but sur- 
prised to have had an influence over British 
MPs. He explained that his opposition to 
experimentation is on two levels: first, he 
believes that the fertilized egg is a human 
being, and that people should not be ex- 
perimented upon; second, he “had not seen 
any argument’’ that convinced him that 
embryonic research would be beneficial. 

Arguments in the Warnock report that 
the research could help cure Down’s syn- 
drome, haemophilia and muscular 
dystrophy were ‘‘just scientifically wrong”, 
and anyway, he asks, why not do the 
research on embryonic material from 
animals like dogs and pigs? 

Moreover, in Lejeune’s view, in vitro fer- 
tilization (IVF) is not a treatment for in- 
fertility (whereas a repair of damaged fallo- 
pian tubes would be), but a cure for 
‘‘childlessness’’: ‘‘There is a semantic 
distortion” in the debate, he says. Embryo 
research is not needed to treat infertility. 

Lejeune has no objection to IVF, 
although he does object to the cryogenic 
preservation of embryos (‘‘just a trick to 
have some material to hand”). 

He believes that many genetic diseases 
will be treatable with drugs without abor- 
ting a genetically disordered embryo. 

Robert Walgate 


LL LL LL LR SRL neeeanatircsnnsnithetttananeeetenenntransasseeteitnttimstestteertineemmamnasaneits 







SCOPE and 
nuclear war 


Sir — I suppose it would seem odd to 
some people that ‘‘the nuclear winter sub- 
committee of the International Council of 
Scientific Union’s Scientific Committee on 
Problems of the Environment (SCOPE), 
which is due to publish its‘own study next 
June, should have been able to afford time 
fora five-day workshop at Bellagio to draft 
cand put out a statement which, on the face 
of things, will compromise the impar- 
‘tiality of its own work” (Nature 20/27 
December, p.696). But not to the people 
who know that the subcommittee did nor 
afford time, did not draft and did not put 
out the statement. 

The official statement indicates explicitly 
that it-was an “ad hoc group of scientists 
and‘religious leaders .... gathered at the 
invitation. of ICSU and the Inter-Faith 
Academy of Peace’’. In addition, it should 
be noted that the group did not include Ab- 
dus Salam. 

The subcommittee, which is concerned 
with the environmental effects of nuclear 
war, not specifically ‘‘nuclear winter’’, is 
continuing with its studies and meetings. 
The impartial report of its study will be 
drafted in June for submission to the 
SCOPE General Assembly in September. 

F.W.G.BAKER 
(Executive Secretary) 
International Council 
of Scientific Unions, 
51 Bd de Montmorency, 
75016 Paris, France 


Science spending 


SIR — John Maddox is right when he claims 
(Nature 31 January, p.347) that modern 
“‘big’’ physics and astronomy are 
inevitably expensive, but his idea that we 
should persuade research communities and 
governments worldwide deliberately to 
slow the rate of progress in these fields is 
remarkably parochial. Many of these other 
governments, unlike ours, support basic 
research in an enthusiastic way which 
suggests that they really do believe their 
own public statements about its 
importance. Most of them also spend much 
smaller fractions of their research and 
development budgets on secret defence 
research than us. As a result, our highly 
productive research scientists work at a 
relative disadvantage, and the government 
now demands that these scientists must 
select those of their own colleagues whose 
work should be stopped. 

A natural reaction to this ‘‘divide and 
rule’’ proposal is the sad spectacle of a 
television debate in which an eminent 
biology professor decries the value of high- 
energy physics and asks for its funds to be 
redirected to biology. This type of proposal 
is appropriate only if we accept that we 
really cannot afford properly to support 












our current basic research programmes. 
Surely this is incorrect, and we must 
persuade the government that it is essential 
both to support CERN and to fund all of 
the high quality medical research that is 
now under threat? 

John Maddox’s proposal to slow or 
abandon some work may have some merit, 
but not in relation to ‘‘big’’ physics or 
astronomy. Defence spending is much 
bigger and more futile, and we have now 
achieved international armouries adequate 
to kill us all many times. Given a choice 
between new information on the rela- 
tionships between elementary particles and 
an “‘improved’’ armoury capable of killing 
us all with even greater certainty, I know 
which I would ask my government to 
choose. 

Bos MICHELL 
Department of Biochemistry, 
University of Birmingham, 
PO Box 363, Birmingham B15 2TT, UK 





Star wars 


Sir — I wish to correct two errors in your 
leading article ‘‘How to talk about star 
wars” (Nature 3 January, p.1). 

You refer to a study by my ‘‘committee 
operating under the flag of the Union of 
Concerned Scientists in the United States’’. 
In fact, the study that Drs Philip Farley, 
David Holloway and I performed at 
Stanford was an independent one and was 
published by the Stanford University 
Center for International Security and Arms 
Control with the title The Reagan Strategic 
Defense Initiative: A Technical, Political, 
and Arms Control Assessment. 

More importantly, in contrast with the 
statement in your leading article, the size 
of the constellation and the number of 
space-based laser battle stations had little 
to do with the main thrust of our 
arguments. Although that particular issue 
has triggered much discussion and contro- 
versy in the public press, I believe it to be 
of only minor significance in analysing the 
potential and the problems of the Strategic 
Defense Initiative. As our Stanford analysis 
emphasized, the issues of primary concern 
have to do with the strategic political and 
arms control impact of the star wars 
programme as originally proposed and with 
operational problems faced by a fully 
integrated system operating against an 
offence that can respond with diverse and 
effective countermeasures to a defensive 
deployment. The general conclusion we 
stated in our report was: 

**Our analysis raises grave doubts, on tech- 
nical and strategic grounds, that substan- 
tial acceleration or expansion of ABM 
fantiballistic missile] research and 
development is warranted or prudent. 
Deliberation and restraint are imperative 
not simply because of the enormous costs 
of the proposed near-term SDI [Strategic 
Defense Initiative] research and technology 
program, but because the strict limitation 
of ABM deployments is one of the few 
































points of real agreement reached in the US- 
Soviet dialogue about nuclear war and arms. 
control. It has practical consequences of 
great importance for the effectiveness. of 
our deterrent, for such fragile strategic. 
stability as has been achieved, and for our 
prospects of avoiding nuclear war. 

“If defensive systems are to contribute to 
a safer and more stable strategic rela- 
tionship between the United States and the 
Soviet Union, they will have to be 
embedded in a strict arms control regime 
that limits offensive systems. Technology 
alone will not solve the political problem 
of managing the strategic relationship with 
the Soviet Union.” SIDNEY D. DRELL 
Stanford University, 

Stanford, California 94305, USA 


Statistics and 
philosophy 


Sir — George Gale! looks for the theory of 
science to develop from an academic 
philosophy of science but fails to sees 
statistics bordering philosophy, science 
and mathematics. Hoping to clarify the“ 
nature of probability and its role in logic 
and science, philosophers have studied 
theories of probability that are vital to 
different schools of statistics. That 
statistics goes beyond probability shows up 
in the areas statisticians study — from the 
design of experiments? to the weighing of 
evidence* to informal data analysis* to 
what makes a good visual display‘. 

First-rate statistical innovations often 
result when good statisticians collaborate 
with scientists®. While designing experi- 
menis, weighing evidence, analysing data 
informally and summarizing data with 
useful displays do not form a theory of 
science, these individual accomplishments 
show that statisticians have much to say 
about the theory and practice of science. 
Perhaps embattled philosophers of science 
with an empirical bent can find friends 
among statisticians. Good philosophers, 
collaborating with statisticians, might even 
produce first-rate philosophy. 

JAMES K. LITTLE 

Forest Products Laboratory, 
PO Box 5130, 
Madison, Wisconsin 53705, USA 
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Nitrates, nitrites and gastric cancer in 


Great Britain 


from David Forman, Samim Al-Dabbagh and Richard Doll 


Nitrate and nitrite were measured in the saliva of two populations who differed in their risk of developing 
gastric cancer. Surprisingly, the levels of both ions were significantly higher in the low-risk group. 


THE past few decades have seen a 
progressive increase in the general level of 
nitrate in the environment. This has been 
due partly to the formation of nitrogen 
oxides by fuel combustion and their depo- 
sition as a component of acid rain’, partly 
to increases in sewage recycling, but mainly 
to the increased use of nitrate based fertil- 
izers. The result has been an increase in 
nitrate accumulation in some root and 
leafy vegetables and a leaching through of 
nitrate into freshwater supplies? and hence 
into drinking water*®. Vegetables and 
drinking water provide two of the main 
sources of human exposure to nitrate and 
nitrite, the other major source being the 
preservatives added to meat to prevent 
botulism and to enhance colour. The 
permitted levels added to meat have been 
progressively decreased in recent years’, 
but overall there has been a significant net 
increase in exposure due to the increased 
amounts in vegetables and water 8. 


Conversion 

Concern about nitrate is not related to the 
ion itself, but to the fact that certain species 
of bacteria found in the mouth, and 
sometimes in the stomach and bladder, can 
enzymatically reduce nitrate to nitrite’. 
Such nitrate-derived nitrite is the major 
source of exogenous nitrites for most 
humans. Apart from the specific problem 
of nitrite-induced methaemoglobinaemia, 
which is hardly ever seen in the United 
Kingdom", nitrite represents a potential 
hazard because of its participation in 
nitrosation reactions giving rise, with 
appropriate substrates, to N-nitroso 
compounds most of which are strongly 
carcinogenic in animals ™. It has therefore 
been suggested that an increase in nitrate 
exposure may represent an increased 
cancer risk through the production of N- 
nitroso compounds 2}, 

The site most commonly regarded as 
being at risk from endogenous N-nitroso 
compound synthesis is the stomach. 
Stomach acidity favours the nitrosation 
reaction '* and many N-nitrosamides are 
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In the United States the absence of nitrates and nitrites is a selling point. Most processed meat 


products, especially pork, contain nitrate or nitrite additives. 
known to be locally acting in animal ; known to exist within Britain for gastric 


experiments !™!5, There is also a small 


amount of direct human evidence to 
implicate nitrate exposure directly. 


International correlations relate high levels | 


of nitrate intake to gastric cancer 
mortality '® and nitrate exposure has been 
associated with gastric cancer in areas of 
England", Colombia '*, Chile!’, Japan ”, 
Denmark”, Hungary” and Italy. None 
of this evidence is, however, more than sug- 
gestive*4 and some has been contradicted 
by other studies*>*, Thus, whereas some 
writers now view nitrate as a likely human 
risk factor for gastric cancer ?!*, others 
believe there is no compelling human 
evidence to show that it is 174. 

As a result of these shortcomings in the 
human data and the concern that has been 
expressed about nitrate exposure, we 
designed a study to look at the relevance of 
nitrates to gastric cancer in the United 
Kingdom. We took advantage of the long- 
standing, regional differences that are 





cancer mortality?”. Our aim was to 
compare populations from consistently 
high mortality areas with those from 
consistently low mortality areas to see if 
they differed in their exposure to nitrate. 
To estimate the exposure, we measured 
nitrate and nitrite levels in samples of 
saliva. Some 25 per cent of exogenous 
nitrate is actively taken up by the salivary 
ducts from the circulation and about 20 per 
cent of this is reduced by oral bacteria to 
nitrite*®?, This nitrite, formed from 
reduced nitrate, in fact represents approxi- 
mately 80 per cent of total exposure to 
nitrite, the remainder coming directly 
from exogenous sources. Salivary 
measures should, therefore, be a good indi- 
cator of nitrate and, particularly, nitrite 
that will be conveyed to the stomach. 
Populations were drawn from four 
regions of Britain — Wales and the North- 
East (high gastric cancer mortality regions) 
and Oxford and the South-East (low 
















Table 1 Characteristics of study populations 
Low cancer risk High cancer risk” 
Area I Area H Areas T& H Area IH Area IV Areas HI & IV 
Area SMR for gastric cancer* M79 59 & 76 138 & 162 156 
at ax F 66 80 & 67 160 & 147 130 
Regional SMR for gastric cancert M 80 91 112 121 
oe F 88 83 114 132 
Numbers in studyt 
Full sample 220 202 422 209 205 414 
Refined sample 120 84 204 90 86 176 
Fasting sample 14 15 29 14 24 38 
_ Refusals (% ) 4 6 — 4 5 — i 
Males (% )§ 38 (44) 41 (36) 39.(41) 36 (28) 37.(30) 36.029) 
Females. (% } 62 (56) 59 (64) 61 (59) 64 (72) 63 (70) 64 (71) 
Age§ 15-34 years (% ) 38 (39) 35 (32) 36 (36) 34 (32) 45 (41) 40 (36) f 
35-54 years (%) 45 (44) 44 (38) 45 (42) 43 (42) . 43 (48) 434450 
55.74 years (%) 17 (17) 21 (30) 19 (22) 23 (26) 12(12) 17 (10) 

















area around the city or town of interest. 


+ Numbers given for full sample are those participating after exclusion of those refusing and those ineligible due to age or area of residence. ’ 
Those in refined sample are after exclusion of those having eaten or drunk in the 2h prior to sample. Those in fasting sample are after exclusion 


“Gastric cancer risk is defined here as high or low when the age standardized mortality rate (SMR) for the individual town or city is high (130 
or above) or low (80-or below) for both sexes and when the appropriate regional SMR shows a trend in the same direction. Collecting areas were 
outpatient clinics at hospitals in the towns and cities as follows: I, Oxford (Oxfordshire RHA); H, Canterbury & Eastbourne (SE Thames RHA); 
HI; Sunderland & Hartlepool (Northern RHA); IV, Bangor & Llandudno (Wales). 
* Area SMRs for 1969-73 obtained from Office of Population Censuses & Surveys microfiche’ for the following county boroughs: Oxford, 
Canterbury, Eastbourne, Sunderland and Hartlepool: and- for Caernarvon Urban Aggregate (which covers Bangor and Llandudno). 

+ Regional SMRs for 1981 from Office of Population Censuses & Surveys publication* 
Thames Regional Health Authorities. Using the RHA figures was more appropriate than using those for standard regions as the latter cover a larger 


of those having eaten anything on day of sample or drunk in the 2h prior to sample. 
§ Numbers in parentheses are percentages in refined sample. 


for Wales and the Oxford, Northern, and South: Bast 












Table 2. Mean nitrate and nitrite concentrations (nmol per ml) in saliva of the four study populations 











Area I 
Nitrate: 
All samples « 208.3 
(180.5~240., 
Refined samples 171.5 
(140.8-209 
Fasting samples 
Nitrite: 
All samples 123.7 
(112.0-136. 
Refined samples Hil 
(96.1-128 


Fasting samples 


Low risk High risk 
Area Il Area HI A 
157.3 107.2 
4) (142.4-173.7) (93.7-~122.6) (94, 
P<0.01* NSt 
149.5 97.0 
.0) (128.0-174.8) (77.5-121.4) (95 
NS* NSF 
94.6 69.1 
6) (85.0- 105.3) (62.4-76.4) (45, 
P <0.001* P<0.00it 
86.3 76.1 
3) (73.6~101.3) (64.6-89.7) (47 
P<0.05* NSt 


ecm 














All low All high 
rea IV Areas I & Il Areas IH &1V 
107.9 = — 
8-122.8) — — 
116.8 162.1 106.3 
.3-143.2) (142.0-185.1) (91.3-123.5) 

P<0.0001E 
169.0 92.5 
(120.0=237.9) (67.8- 126.3) 
P <0.054 
51.4 — —— 
8-57.7} — — 
58.7 100.2 67.0 
.8-72.0) (89.8-111.7) (58.8-76.4) 
P < 0.00014 
80.8 44.7 
{(61.4-106.4) (34.1-58.4) 
P < 0.0054 





Definitions of the four study areas and of high and low risk populations as in Table 1. Values are geometric means (95% confidence interval). 
Refined samples are those from subjects who had nothing to eat or drink in the 2h prior to sampling, and fasting samples are those from subjects 


who had nothing to eat on the day and nothing to drink in the 2h prior to sampling. 
* P-values from two-sided t-tests comparing area | with area H. 
+ P-values from two-sided t-tests comparing area IH with area IV. 
+ P-values from two-sided t-tests comparing low risk population with high risk population. 


gastric cancer mortality regions). 
Localities were chosen within these regions 
on the basis of having a high (or low) 
standard mortality rate (SMR) for gastric 
cancer for both males and females over the 
period 1969-73. Published mortality 
figures for this quinquennium by local 





authority area are available from the Office 
of Population Censuses and Surveys”. 
Between 200 and 250 residents from each of 
these regions who were visiting hospital 
out-patients departments (that is, friends 
or relatives of people attending the hospital 
as patients and not patients themselves) 










were invited to participate in the study. As 
far as possible, all visitors in a waiting room 
for a particular clinic were asked to~ 
participate, apart from people aged under . 
15 years or over 75 years and people not 
resident in the area. The refusal rate was 
about 5 per cent and did not vary. 





Table 3 Salivary nitrate and nitrite concentrations (nmol per ml) by sex (a) and age group (b) 





a, Sex: Low risk 
Nitrate 
Males 158.6 (129.2-194.6) 
Females 164.6 (138.2-196.1) 
Pi (M vs F) NS 
Nitrite 
Males 106.4 (90.9-124.5) 
Females 96.1 (82.8-111.5) 
P+ (M vs F) NS 

b, Age: Low risk 
Nitrate 
15-34 yr 126.4 (101,8-157.1) 
35-54 yr 167.3 (136.0-205.9) 
55-74 yr 229.8 (177.4~-297.7) 
Pt (age trend) <0.001 
Nitrite 
15-34 yr 77.9 (64.6-93.8) 
35-54 yr 100.7 (86.4-117.3) 
55-74 yr 150.0 (120.4-186.7) 
Pł (age trend) <0.001 


High risk P* {L vs H} 
84.8  {62.2-115.6) <0.001 
116.5  (98.1-138.2} <O0.01 
NS 
59.2 (48.5-72.4} <0.0001 
70.5 (59.7-83.2) <0.01 
NS 
High risk P* {L vs H} 
78.4  (61.3-100.2) <0.005 
135.0 (111.0-164.2) NS 
108.0  (70.0-166.5) <0.005 
<0.05 
45.8  (38.3-54.8) <0.0005 
81.8  (67.4-99.3) NS 
86.9  (62.1-121.8) <0.01 
<0.001 





Values are geometric means (95% confidence interval). NS, not significant. 
* P value from two-sided t-test comparing low risk with high risk populations within each sex 


and age group. 


+ P value from two-sided t-test comparing males with females within each population. 
+ P value for significance of linear regression for age group on log nitrate or nitrite concentration. 





Table 4 Salivary nitrate/nitrite concentrations (nmo) per ml) by social class (SC) 





Low risk 
Nitrate 
SCI&H 218.3 (169.8-280.6) 
sc HI 138.7 (111.7-172.1) 
SC IV&V 130.9 (101.7-168.4) 
Pt (trend) <0.01 
Nitrite 
© SCI&U 112.9  (92.2-138.1) 
8c HI 94.1 (79.5~111.4) 
SC IV&V 82.0 (64.6-104.2) 
Pt (trend) =().05 


High risk P* (Lvs H} 
103.8  (77.1-139.6) <0.0005 
126.6 (100.3-159.7) NS 
73.8  (52.1-103.6) <0.01 
NS 
62.8  (49.3-80.0) <0.0005 
77.2 (62.2-95.6) NS 
63.7 (46.5-87.4) NS 
NS 





Values are geometric means (95% confidence interval). Social class groupings as defined by 
` the Registrar General’s classification of occupations, 1981*°. In these populations the percentage 


in each social class grouping in low and high risk areas respectively were: SC I & H, 27% and | 


22% ; SC IH, 51% and 53% ; SC IV & V, 22% and 25%. 
* P value from two-sided t-test comparing low risk with high risk populations within each 


< social class group. 


+ P value for significance of linear regression for social class group on log nitrate or nitrite 


concentration. 


significantly between the regions. 

All participants provided a sample of 
about | ml of saliva and completed a short 
questionnaire which inquired about a 
~ number of socio-economic features and 
== -dietary habits. The general characteristics 

of the four populations are shown in Table 
- 1. For some of the analyses, the popu- 
lations were refined by excluding anyone 
who had eaten or drunk within two hours 
before giving saliva. This is because con- 
sumption of food or drink generally leads 
to.arapid fluctuation in salivary nitrate and 
nitrite levels, which reach a peak and then 
fall again within about two hours of 
consumption?!. The two hour or longer 
: fast, although not producing a true base- 
“dine, does allow for standardized com- 
-parison of different populations. As can be 


seen from Table 1, the four populations, 
both full and refined, are broadly similar to 
each other in terms of sex and age 
distribution, with a slightly increased 
proportion of females in the refined 
population for the high risk area. For some 
analyses, it was possible further to exclude 
from the refined population those who had 
anything at all to eat on the day of sampling 
(and who did not drink in the preceding 
two hours). The numbers in this fasting 
population are also shown in Table 1. 
Saliva was collected into glass tubes 
containing 1| M sodium hydroxide as a 
preservative. The tubes were then kept in 
the dark at room-temperature until being 
returned to Oxford for analysis, which was 
always within one month of collection. 
Under these conditions, there is no 





egradation of the sample. Analysis was- 

carried out using bacterial reduction of 
nitrate to nitrite and a modified Griess 
procedure for nitrite determination as 
described previously *. 


Significant difference 

The mean salivary nitrate and nitrite 
concentrations for the four regions are 
shown in Table 2. When comparing all the 
samples, there are some significant 
differences, when looking at one high risk 
area with the other, or one low risk area 
with the other. However these largely 
disappear (except for a borderline 
significance for nitrite between the two low 
risk areas) when considering the refined 
samples, consisting of those subjects who 
had nothing to eat or drink in the two hours 
before sampling. It thus seemed reasonable 
to pool the refined samples for both the 
high risk and both the low risk areas (Table 
2). The direct contrast between the high 
risk and low risk populations shows that 
the low risk population had significantly 
increased salivary nitrate (P<0,0001) and 
nitrite (P<0.0001) levels. The means in the 
fasting populations are also shown in Table 
2. These results still show a significant 
difference in the levels, with high values in 
the low risk population (nitrate P<0.05; 
nitrite P<0.005). 

Using refined samples, no major 
differences are observed when comparing 
individuals from whom samples had been 
taken at different times of day or at 
different seasons of the year (D.F. and 
S.AI-D, unpublished observations). 

Table 3 shows salivary concentrations by 
sex and age. Sex makes no obvious differ- 
ence, but increasing age is generally 
associated with an increase in the levels of 
both nitrate and nitrite in both males and 
females and in both high and low risk 
populations. Table 4 shows the effect of 
social class. Social classes IV and V tend to 
have lower concentrations of both ions, 
although the trend across the three social 
class groupings is not uniform (and is 
significant only in the low risk popu- 
lations). Table 5 shows that smoking habits 
have a consistent effect on salivary concen- 
tration of nitrate and nitrite, with smokers 
always having lower levels than non- 
smokers. The difference is statistically 
significant for one group (nitrite secretion 
in the high risk areas) and highly significant 
if one pools together the results from high 
and low risk areas and just considers 
smoking. 


Inverse trend 

Table 6 shows the results of a multiple 
regression analysis which indicates that, 
even after allowing for the effect of age, 
social class and smoking, there is still a 
highly significant difference between the 
geographically defined high and low risk 
populations. Contrary to what might have 
been expected, it is always the high risk 
population that has the lower concen- 
trations of nitrate and nitrite. Similarly, it 








Table 5 


Salivary nitrate/nitrite concentrations (nmol per ml) for smokers and non-smokers 





Low risk High risk 
Nitrate 

Current smoker 135.7 (101.2-182.0) 85.8 (66.1-111.3) 
Current non-smoker 172.0 (148.5-199.2) 116.6  (96.9-140.3) 
P+ NS NS 

z Nitrite 
Current smoker 87.9  (70.6-109.5) 53.7 (44.3-65.1) 
Current non-smoker 104.6  (92.3-118.6) 73.6  (62.2-87.0) 
Pt NS <0.005 


P* (Lvs H) All 


<0.05 106.3 (87.2-129.6) 

<0.005 145.4 (129.3-163.5) 
<0.01 

<0.005 67.6  (58.2-78.7) © 

<0.001 89.8  (81.0-99.6) 
<0.005 





In the population the stated current smokers were 25% 


confidence interval). 


and 33% in the low and high risk areas respectively. Values are geometric means (95% 


* P value from two-sided t-test comparing low risk with high risk populations within each smoking group. 
+ P value from two-sided t-test comparing current smokers with non-smokers within each population. 


is the lower social class grouping which 
generally have the lowest nitrate and nitrite 
levels. In both cases, the trend is the inverse 
of the trend for stomach cancer. If one 
adds to this the fact that, if anything, 
smokers have a slightly elevated risk of 
stomach cancer? and also show lower 
salivary levels, the results presented here all 
appear to be inconsistent with the notion 
that nitrate exposure is a risk factor for 
cancer of the stomach. Indeed, the 
conclusion could be drawn that, in these 
circumstances, nitrates or something 
associated with them exert a protective 
effect. 

The inverse relationship between 
stomach cancer risk and salivary nitrate 
and nitrite concentrations raises two 
distinct problems: why should there be 
such clear population differences in the 
levels, and can nitrate exposure still be 
considered a risk factor for stomach 
cancer? 

We have some evidence bearing on the 
first question from the dietary question- 
naires that the subjects completed when 


they gave saliva. The questionnaire asked 
about the frequency with which the 
subjects consumed the most common 
foodstuffs known to contain moderate to 
high levels of nitrate and nitrite. By 
converting these frequency responses to 
daily intake figures (T. Knight and D.F., in 
preparation), we were able to obtain a 
crude estimate of the mean population 
intake levels from dietary sources. These 
mean levels are shown in Table 7, and are 
given together with the estimated mean 
daily intakes of nitrate from drinking 
water, provided by the Water Research 
Centre. (unpublished results}. Overall, it 
can be seen that there is a substantial 
difference between the populations, with 
those from the low risk areas consuming 
considerably more nitrate from both food 
and water sources. Although the consump- 
tion of exogenous dietary nitrite is signific- 
antly higher in the high risk area, this 
constitutes only a minority component of 
the total salivary nitrite load. Approx- 
imately 5 per cent by weight of exogenous 
nitrate is converted to nitrite?®™? and it is 





Table6 Coefficients for multiple regression on log nitrate and log nitrite concentrations in refined 
population (having nothing to eat or drink in the 2h before sampling) 





Coefficients (s.d.) 


Model N b, ba b, b, d.f. 
Nitrate 
(1) 380 0.18 (0.04)4 — — — 378 
(2) 380 0.18 (0.04) 0.11 (0.03) -— == 377 
(3) 379 0.18 (0.04) 0.11 (0.032 —0.10 (0.05)* — 375 
(4) 306 0.15 (0.05) 0.07 (0.03)* —0.06 (0.05) —0.04 (0.02) 301 
Nitrite 
(1) 380 0.17 (0.04) — — — 378 
(2) 380 0.17 (0.04) 0.15 (0.02)4 — — 377 
(3) 379 0.17 (0.04): 0.14 (0.02) —0.08 (0.04) — 375 
(4) 306 0.13 (0.04)% 0.12 (0.03) ~0.05 (0.04) —0.01 (0.01) 301 





*P<0.05; 7 P<0.01; ¢ P<O.001. 
Models: 


(1) y= bytb,x, 


2) y= byt b,x, + b,x; 
(3) yp=bot b,x, + b,x, + by xy 


(4) v= byt b,x, +b, xt b,x, t ba Xa 


where y = log nitrate or nitrite concentration (nmol per ml); x, = area (1, high risk; 2, low risk): 
X= age group (1, 15-34 yr; 2, 35-54 yr; 3, 55-74 yr); x, = current smoking status (1, non-smoker: 
2, smoker) x, = Social Class group (1, 1 & H; 2, IH; 3, IV & V). This model utilizes. 306 cases as 
it was not possible to assign social class groups to the other 74. 








this that makes the largest contribution to: 
salivary nitrite, rather than dietary nitrite. 
per se. DEDE 

Table 8 shows that there is a close 
correlation between the estimated amount | 
of nitrate in the diet and the salivary levels’: 
of both nitrate and nitrite. The differences : 
between the mean levels in the populations. 
studied can therefore, be attributed, in- 
large part, to the differences of intake. 
shown in Table 7. i 

Increases of salivary nitrate and nitrite. 
levels with increasing age, similar to those 
we have found (Table 3), have been 
reported before*4. One explanation could 
be age-related changes in the active 
transport mechanism responsible for 
nitrate uptake into the salivary ducts and, 
for nitrite, in the density of nitrate- 
reducing bacteria in the oral cavity. But: 
there is no evidence for such processes. 

It is more difficult to explain the slight 
tendency for salivary levels to be increased 
in the higher social class groups. One might 
expect social class differences in dietary 
habits to result in differential consumption. 
of nitrate-containing foods, particularly 
vegetables’, but no such trend was 
apparent in data obtained from our 
questionnaires, although this could be due. 
to the crudeness of the questionnaire, 
making it insensitive to narrow differences 
in diet. : 

The observation that salivary nitrate. 
levels are lower in smokers than in non- 
smokers is readily explained by the 
presence of thiocyanates in cigarette 
smoke. These are present in substantial 
amounts and are secreted in the saliva, 
where they are known to inhibit com- 
petitively the uptake of nitrates >, 

The differences between our geograph- 
ically defined populations are also seen in 
individuals who have fasted on the day of 
sampling (Table 2). It follows that an 
individual’s salivary nitrate level is not 
solely determined by recent consumption 
of food or drink, but is also influenced to 
some extent by longer-term dietary habits.: 

Our results in general weigh against the. 
idea that environmental nitrates and 
nitrites play a major role in determining the 
risk of gastric cancer in Britain. They 
should not, however, be taken to imply. 


Table 7 Daily intake (mg) of nitrate and nitrite from exogenous dietary sources 



































Low risk High risk Pt 
Intake of nitrate from": N Mean N Mean 
Vegetable sources 412 90.29 (84.81-95.77) 386 66.89 (61.45-72.32) <0.0001 
Meat sources 399 2.88 {2.66-3.10} 399 3.49 {3.25-3.73) <0.001 
Other food sources 410 2.79 (2.72-2.86} 411 2.62 (2.55-2.69) <0.001 
Drinking water 24.64 2.21 
Total nitrate intake 384 119.24 (113.56-124.92) 375 74.92 (69.40-80.44) <0.0001 
Nitrite derived from nitrate§ 384 5.57 {5.30-5.83} 375 3.50 (3.24-3.76) <0.0001 
Intake of nitrite from: 
Meat sources 399 0.77 {0.71-0.83} 399 1.02 (0.95-1.10) <0.0001 
Other sources 403 0.44 {0.43-0.45} 386 0.43 (0.42-0.44) NS 
Total nitrite intake 384 6.77 (6.49-7.06) 375 4.95 (4.67-5.23) <0.0001 





Intake (arithmetic mean with 95% confidence intervals) was derived from a questionnaire which asked about frequency of consumption of 18 
dietary items that constitute the main sources of nitrate and nitrite in the diet. The frequency responses were converted to daily nitrate/nitrite intake 
values using estimates of their concentrations in these food items in the United Kingdom (from published values) and of average portion sizes (T. 
Knight and D.F., in preparation and M. Nelson, personal communication). Although limiting the questionnaire to 18 items means that some sources 
of nitrate/nitrite are not included, these other sources either contain very low levels of the ions or are eaten very rarely. Our estimates of mean 
daily intake of nitrate (74.9 and 119.2 mg in high and low risk areas respectively) are therefore likely to be slightly lower than the real values. A 
recent survey of dietary nitrate intake in East Anglia“ estimated from diet diary analysis that mean daily intake of nitrate was 60 and 102 mg in 
areas where the water concentrations of nitrate were similar to our high and low risk regions. Also the NAS report’? on nitrate exposure in the 
United States estimated a mean daily intake of 73 mg. Both these surveys are therefore broadly comparable with our own results. 

* Vegetable sources asked about were cabbage, cauliflower, lettuce, beetroot, carrot, tomato, green beans and potatoes. The first 3 items provide 
the majority of the nitrate. Meat sources asked about were bacon, sausage, ham, and other preserved meats—the majority of the nitrite intake was 
in fact derived from bacon. The other food sources asked about were fresh fruit, bread, breakfast cereals, and spaghetti. Drinking water levels of 
nitrate were derived from information supplied by the Water Research Centre, Marlow. Their estimates of nitrate concentrations in water (in mg ry 
for our study areas were: Oxford, 15.99; Canterbury, 21.62; Eastbourne, 43.68; Sunderland, 4.47; Hartlepool, 3.23; Bangor and Llandudno, 0.27. 
We assumed a daily intake of drinking water of one litre and the estimated intake of waterborne nitrate in mg was added to each individual’s food 
intake level to gives a total nitrate value. There is no exposure to nitrite in drinking water. N is number completing the relevant section of the 
questionnaire. In total there were 414 and 422 questionnaires completed in the low and high risk regions respectively. As not all the sections were 








































nitrite derived from meat. 


that nitrate-related N-nitroso-compound 
carcinogenesis has no role in the 
development of gastric tumours; nor 
should they be taken to exclude the 
possibility that nitrates may play an 
important part in countries where the 
salivary levels are much higher, as in 
Germany and Japan”, where levels 4to 5 
times those in Britain have been reported. 
Several factors could contribute to the 
observed inverse relationship and help to 
mask a real carcinogenic effect from 
nitrates in vivo. The multistage hypothesis 
proposed for the aetiology of cancer of the 
stomach”? requires there to have been 
degenerative changes in the protective 
mucosal layer before carcinogens can act 
on the gastric epithelial cells. It could be 


Nitrates and nitrites as food 


additives 


THE nitrates and nitrites of potassium and 
sodium are permitted as food additives in 
the United Kingdom, acting as curing 
agents or as preservatives (inhibiting, for 
instance, Clostridium botulinum, the 
bacterium responsible for botulism). On 
food packaging they are labelled: 

E249 — potassium nitrite 

E250 — sodium nitrite 

E251 — sodium nitrate 

E252 — potassium nitrate 





completed correctly by all the subjects, the number varies slightly from section to section. 
+ P value for two-tailed t-test comparing mean intake levels for dietary items, low risk populations greater than high risk except for nitrate and 


that completely different dietary factors, 
unrelated to nitrates, are responsible for 
the development of such conditions, and 
that these factors may be more important 
and, in Britain, inversely related to nitrate 
exposure. There may also be anti- 
carcinogenic factors (including vitamin C) 
associated with the vegetables that are the 
principal source of dietary nitrates. 

This might lead one to conclude that it is 
only meat-derived nitrate and nitrite that 
constitutes a problem due to the lack of 
accompanying protective agents. This 
would be consistent with the observed 
increase in such intake in the high risk 
population (Table 7). But waterborne 
nitrate is similarly unlikely to be associated 
with such agents, and this more than 
compensates for the observed differences 
in meat consumption (Table 7). 

It may also be that there is only a narrow 
range of nitrosatable substances that lead 
to the production of the N-nitroso 
compounds acting directly on the human 
gastric epithelium, and that the amount of 
these substrates in the diet may be the 
limiting factor, rather than the amount of 
nitrate and nitrite ions. It is conceivable, 
too, that the levels of salivary nitrates and 
nitrites bear little or no relationship to the 
levels found in the gastric juice. Salivary 
nitrites could be selectively absorbed across 
the gastric epithelium as soon as they reach 
the stomach, while some other physiolog- 
ical process might determine the gastric 


§ Nitrite derived from nitrate was calculated assuming 6.3% mol (4.7% by weight) of nitrate is converted to nitrite in the saliva”. 


level (ref. 39 and S.R. Tannenbaum, 
personal communication). Certainly, in 
the special case of achlorhydria, the 
decrease of stomach acidity and bacterial 
colonisation promote the formation of 
nitrites from nitrates. 

The meaning to be attached to the results 
depends crucially on the validity of the 
assumption that current levels of 
exogenous and salivary nitrate and nitrite 
are relevant to levels of gastric cancer in the 
recent past. As they cannot have played 
any direct part in the production of the 
cancers that determined the mortality rates 
with which they were compared, we have to 
assume either that past levels of exposure 
were proportionately similar or that the 
ranking of gastric cancer mortality by 
geographical area and social class will 
continue to be much as it has been in the 
recent past for many years to come. In view 
of the stability of the proportional rates 
over the past 30 years*’, the second 
assumption seems reasonable, so that the 
ranking of the current salivary levels may 
be related to the current ranking of the 
incidence of the disease. It is possible, 
however, that the geographical and social 
class distribution will change in the next 30 
years to correspond with the current distri- 
bution of salivary nitrate. Also the massive 
increase in fertilizer usage in recent years* 
may lead to an effect that will not become 
apparent for some years yet, as nitrate 
fertilizers may take 30-40 years to 









ercolate into ground water '°. 


fonitoring 

im is important, therefore, that trends in 
mortality should continueto be monitored. 
‘should the overall decline in gastric cancer 
ortality not continue, or should the 
_seographical pattern of the disease begin to 
hange, our data would have a different 
ianplication. 
Our data are not unique in failing to 
show a positive relationship between 
‘waterborne nitrate and gastric cancer risk 
#n the United Kingdom. Beresford et al. ® 
ailed to find one and a lack of relationship 
as also been reported in the United 
States*! and France*. Positive relation- 
iships have, however, been observed in 
ftaly*?, Hungary2?, Denmark?! and 
‘Colombia!®. The inconsistency suggests 
‘either that very different conditions pertain 
on different localities (for example, 
dependence on well water with very high 
mitrate levels) or that nitrates play varying 
woles in different situations. 

More direct evidence of the effects of 
nitrates should be obtainable from the 
experience of groups of men and women 
exposed to large amounts of nitrates in the 
vourse of their work, in whom other 
Environmental causes of gastric cancer 
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Table 8 Salivary nitrate and nitrite levels by total daily nitrate intake 








Daily nitrate intake Nos. Nitrate Nitrite 

(mg) 

0-39 44 104.3 (75.6-143.8) 68.3  (52.6-88.7) 
40-79 t17 125.5 (105.0-150.1) 70.7 (60.5-82.7) 
80-119 72 144.3 (114.5-182.0) 96.7 (80.1~116.6) 

120-159 65 138.8 (108.1-178.2) 87.2 (71.0-107.1) 
160+ 43 172.0 (128.6-230.1) 98.5 (78.4-123.7} 
P (trend)* <0.05 <0.05 





Values are geometric means (95% confidence intervals) for refined populations, excluding those 


who ate or drank in the 2h prior to sampling. 


* P value for t-test for significance of regression of daily nitrate intake on salivary nitrate or 


nitrite concentration. 


should be the same as those of other 
residents in the same area. Such groups 
have been difficult to define, and the 
available data are inconclusive“. More 
data should, however, be available shortly 
from a group of fertilizer workers in north- 
east Britain now under investigation. (S.AI- 
D., in preparation). a 
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Hopes grow for supersymmetry 


trom John Ellis 


High-energy collisions between protons and antiprotons produce strange events in which momen 
tum fails to balance. Missing momentum may be carried by photinos, super-partners of the photort 


THE proton antiproton (pp) collider at 
CERN, the European organization for 
nuclear research, is the first particle accele- 
rator to explore physics in the energy range 
up to about 100 GeV. Therefore it has had 
a golden opportunity to detect new particles 
and observe other new phenomena. 
Already the periods of collider operation 
in 1982 and 1983 have provided a rich crop 
of discoveries: those of the W* and Z° 
intermediate vector bosons announced in 
1983 and possible evidence for the top 
quark published in 1984. Along with the 
new particles, the 1983 experiments pro- 
duced evidence, albeit inconclusive, of 
events that are not easily explicable by 
established theories, such as quantum 
chromodynamics (QCD) or the Weinberg- 
Salam model of the electroweak interac- 
tions. Just as the existence of the neutrino 
was proposed by Fermi to account for the 
momentum which seems to be missing from 
weak interactions, so today’s physicists are 
postulating that similar anomalies in the 
CERN results can be explained by ‘spar- 
ticles’ — particles whose existence is 
predicted by theories of supersymmetry. 
(For a very readable introduction to the 
ideas and terminology in this field, see 
ref.1). 

The unexpected events seen in 1983 in- 
clude many radiative decays of Z° into a 
lepton pair plus a photon, a possible bump 
in dijet masses around 150 GeV, and sev- 
eral categories of events with missing 
transverse momentum. Among the latter 
are lepton plus jet events’, single jets of 
particles, one event with three jets, and one 
or two events containing electromagnetic 
showers due to one or more photons’, all 
with unbalanced transverse momentum. 
The statistical significance was not compell- 
ing for any of these categories of events, 
but this has not prevented physicists from 
speculating energetically about their possi- 
ble interpretations. 

Advocates of composite structures for 
quarks, leptons and gauge bosons have 
been encouraged by many of the possible 
new phenomena, while advocates of super- 
symmetry have been particularly intrigued 
by the events with missing transverse 
momentum. The only known sources of 
missing transverse momentum are neu- 
trinos, as known, for example, from decays 
of a W to an electron plus neutrino or to 
a muon plus neutrino (W > ev or pv). The 
lepton plus jet events with missing trans- 
verse momentum could have been due to 
the production by higher-order QCD pro- 


cesses of Ws with associated jets. This, 
however, is not a possible interpretation for 
the ‘monojet’ events containing a single 
hadronic jet with missing transverse mom- 
entum. Nor are these events easy to explain 
by other ‘conventional’ physics, such as the 
decay of a W to a tau plus neutrino (W > 
tv) followed by the decay of the tau to 
hadrons plus neutrino, or the pair- 
production of heavy flavours followed by 
their semileptonic decay (charm or bottom 
—> e or wt+v+hadrons). An alternative 
mechanism for producing neutrinos is the 
production of jets with Z° bosons decay- 
ing into vi pairs. The monojets observed 
in 1983 seem to occur at a rate much higher 
than expected from QCD calculations of 
Z° production, and no analogous events, 
containing jets plus a Z° decaying either 
into charged lepton pairs or into hadrons 
were seen. While by no means conclusive, 
these facts argue against neutrinos as the 
source of missing transverse momentum 
and suggest the presence of some new 
species of neutral, weakly-interacting and 
stable (or quasi-stable) particle. 

Supersymmetry provides a natural the- 
oretical home for such a particle. In most 
such theories, heavy supersymmetric par- 
ticles decay into lighter ones, and the 
lightest of all these sparticles would be ab- 
solutely stable, should be electrically 
neutral and should have no strong interac- 
tions. If it did it would bind to ordinary 
matter and give too large an abundance of 
anomalously heavy isotopes. The most ob- 
vious candidate for this sparticle seems to 
be the photino, the spin 2 partner of the 
photon, but other possibilities are also 
open. One could expect squarks — the spin 
O partners of the quarks — to decay into 
quark plus photino or gluino, and gluinos 
— the spin 2 partners or the gluons — to 
decay into quark, antiquark and photino. 
Theoretical ideas about the masses of spar- 
ticles are quite vague but can play a useful 
role in fixing the weak interaction scale if 
they weigh less than about 1 TeV. Within 
this range, the values of their masses are 
rather model-dependent*. 

Qualitatively, sypersymmetry certainly 
suggests the possible observation of events 
with missing momentum carried away by 
photinos. Quantitatively, supersymmetric 
particle couplings are completely specified, 
so one can reliably caiculate the cross- 
sections for producing them, as functions 
of their unknown masses. One can 
therefore use the relatively small number 
of missing monojet events observed in 1983 





to give lower bounds on the possible masse 
of squarks and gluinos. More radically, on 
could try to interpret the observed monc 
jet events in terms of squark or gluino prc 
duction and decayř®. Since these super 
symmetric particles are strongly interactin 
they are likely to have the largest produc 
tion cross-sections in pp collisions. In in 
terpreting the 1983 data, care must be take: 
to implement correctly the conditions unde 
which the apparatus was triggered and th 
data were analysed. Hadrons emergin, 
from the collision point within about on: 
steradian of solid angle were coalesced in 
to jets, and only events containing at leas 
one jet with a transverse energy abov: 
about 25 GeV were recorded. Additiona 
‘jets? with transverse energies less thay 
about 12 GeV were not thought to b 
measured very reliably, and so were put o1 
one side. In fact, all the 1983 ‘monojet 
events contained one or more sucl 
‘minijets’. 


Monojets 


The way in which the 1983 data were col 
lected induced a ‘trigger bias’ which mean 
that the pair-production of either squark 
or gluinos yielded predominantly monoje 
configurations, at least as long as thi 
squark of gluino mass was less than abou 
40 GeV. The trigger bias favours event 
where, for example, one squark decays in 
to an energetic quark and a soft photino 
and vice versa for the other squark, o 
towards configurations where the tw« 
quark jets coalesce into one as seen by th: 
apparatus. Were it not for the bias on: 
would have expected each quark to give ; 
quark jet, making two jets per event, anc 
each gluino to give both a quark and an an 
tiquark, making four jets per event. Th 
relatively small number monojet event 
observed allowed the conclusion®* tha 
squarks and gluinos could not have masse 
much less than 40 GeV, whereas th 
previous lower limits were about 20 Ge\ 
for squark mass and 4 GeV for gluinc 
mass. More excitingly, they raised ques 
tions of whether the observed monojet 
could be interpreted in terms of eithe 
squarks or gluinos with masses around 4 
GeV; whether there could be other super 
symmetric interpretations of the monoje 
events; how one could discriminate betwee 
the different interpretations; and what ex 
periments could help resolve these issues’ 

The 1983 data provided two possible, bu 
statistically insignificant, reasons for pre- 
ferring®’ the squark pair-production inter. 












@retation over gluino pair-production. Oné 
as the hardness of the spectrum of mono- 
wet transverse energies, and of missing 
Mransverse momenta. While not trivial to 
‘explain with either squark or gluino pairs, 
squarks are favoured because of their 
iharder, two-body, squark to quark decay 
Spectrum. The other reason is the thinness 
sof the observed monojets, which seem to 
«contain fewer charged particles with lower 
invariant masses than conventional QCD 
Jets. Neither squarks nor gluinos tend to 
igive thin enough jects, but gluino jets are 
ithicker on average and hence disfavoured. 
A third possible interpretation’ of the 
gmonojets as a signature for supersymmetry 
predates their discovery. The idea is that 
if gluinos only weigh a few GeV, a signifi- 
cant number of them would contained in- 
trinsically as partons in the proton and an- 
‘tiproton, which could fuse with quarks and 
antiquarks in the other beam to form 
squarks weighing 80 to 100 GeV. Some of 
‘the squarks so produced would decay into 
a quark plus a photino, producing mono- 
jet events. Such monojets would exhibit a 
Jacobian peak in transverse energy, 
analogous to that seen for electrons from 
W > @ decay. 
Dijets 
However, while this light gluino-heavy 
squark mechanism sidesteps trigger bias as 
an explanation of the sighting of monojets, 
there are some potential difficulties which 
have to be resolved. For every decay of 
squark to quark plus photino there shold 
be many decays of squark to quark plus 
gluino, which would give two jet events 
with missing transverse momentum align- 
ed almost parallel to the softer jet. Another 
potentially copious source of such 
‘coplanar’ dijets is pair-production and 
decay of the light gluinos. A more 
theoretical difficulty is that models with 
such light gluinos tend to contain stable 
photinos weighing less than one GeV, 
which would give more dark matter in the 
Universe than is consistent with astrono- 
mical considerations. Since none of these 
arguments conclusively favours one inter- 
pretation over the other, and since the 1983 
data may have nothing to do with super- 
symmetry, it is important to search for 
other signatures which could support one 
of the supersymmetrical interpretations. 
One obvious candidate is the dijet 
events", If squarks or gluinos have masses 
of the order of 40 GeV, dijet events would 
be expected at about half the rate of mono- 
jet events. Squark or gluino pairs usually 
give configurations in which the decay jets 
are not coplanar, in contrast to the light 
gluino-heavy squark mechanism. In addi- 
tions, one would expect there to be more 
subtle differences between the enery and 
engle distributions of dijet events from 
squarks and gluinos; and the differences 
might ultimtely help distinguish between 
the squark and gluino interpretations. 
Finally, how about trijet events with miss- 
ing transverse momentum, one of which 








was observed among the 1983 data? These 
emerge naturally from gluino pair-produc- 
tion, can also arise from higher order cor- 
rections to squark pair-production, but are 
less natural in a light gluino/heavy squark 
mechanism. ; 

So far we have only discussed the 1983 
data, but first glimpses of the 1984 data 
were becoming available late last year, for 
example in a talk by Carlo Rubbia at the 
Rutherford Appleton Laboratory Theoreti- 
cal Physics meeting last December. The 
UA\I collaboration, which he heads, had 
seen no new candidates for radiative decays 
of the Z°, nor had there been an excess of 
lepton plus jet events with missing 
transverse momentum. Monojets, however, 
were rolling in at a rate comparable to the 
previous data, suggesting that they are not 
just a statistical fluke. Most interestingly, 
a few candidate dijet events with missing 
transverse momentum had been found. At 
least some of these are not of the coplanar 
type, and therefore the light gluino/heavy 
squark interpretation of the monojets is 
perhaps disfavoured. 

What if we throw caution to the winds, 
and assume? that squarks with a mass 
around 40 GeV have been observed, while 
gluinos have masses above 40 GeV? Super- 
symmetric grand unified theories enable 
one to calculate most of the sypersymmetric 
particle masses in terms of just three 
parameters: the bare spin 0 sparticle mass, 
the bare spin 4 gaugino mass, and a ratio 
of Higgs vacuum expectation values. The 
choice of these parameters is now tightly 
constrained, along with the possible masses 
of other, unobserved, sparticles. For exam- 
ple, sleptons, the spin O partners of the 
charged leptons, would then be expected to 
have masses of 20-30 GeV, the photino 
mass would be 5-8 GeV and gluinos should 
have masses less than about 60 GeV. 
Gluino production should therefore be 
detectable at the CERN pp collider, while 
slepton pair-production could be seen with 
positron-electron (e*e~) machines at 
energies slightly higher than those attain- 
ed by PETRA. An interesting process to 
search for with present e*e~ machines, is 
the annihilation of an e* e~ to an invisible 
pair of photinos, tagged by a bremsstrah- 
lung photon. Such ‘monophoton’ events 
have already been looked for by the MAC 
collaboration at PEP, which even has one 
doubtful candidate, taken as an upper limit 
on the cross-section. A new experiment 
with improved sensitivity, called ASP, has 
been prepared in record time and is now 
taking data at the Stanford Linear Ac- 
celerator. If the squark mass is around 40 
GeV, monophoton events should occur at 
a rate very close to the limit set by MAC. 
They would not be expected by the other 
interpretations of the pp collider monojet 
events, and so could help distinguish bet- 
ween the different models. 

If the sleptons do indeed weigh less than 
about 40 GeV, supersymmetric decays of 
the W* and Z? into slepton pairs! t} 
should be observable at the CERN pp col- 














lider. The most distinctive signature may 
be for the decay of Z°’ into selectron and 
anti-selectron, which in turn decays into an 
e*e” pair with large transverse momen- 
tum and about 20 GeV missing transverse 
momentum carried off by a pair of 
photinos. H the selectron weights less than 
about 30 GeV, one would expect one such 
event for every ten or so conventional 
decays of the Z° into ete”. With more 
than 20 such Z° decays in their 1984 data, 
the UA! collaboration should soon be ab 7 
to discriminate between different in 
tations of the monojet: events 

In the past few. years, we 
used to hearing negative results fror 
ches for supersymmetric particles 
collider monojet events aret! 
sibly positive results, though their 
pretation is still far from-clear. Confirma- 
tion of some interpretations of the data will 
require at the very least the discovery of | 
other missing transverse momentum events 
with different topologies. Possible can- 
didates include dijet or e*e~ events with 
missing transverse momentum in pp colli- 
sions, or monophoton events in e+e” 
collisions. 


Patience 


The present situation is reminiscent of the 
discovery of neutral currents at CERN in 
1973. Then it was the combination of 
hadronic neutral current events (which were 
relatively ‘dirty’ because of worrisome 
backgrounds despite good statistics) and 
leptonic neutral current events, (which were 
relatively ‘clean’ with low and well-under- 
stood backgrounds but limited to one or 
two events) which was crucial in convinc- 
ing physicists of the reality of neutral cur- 
rents. Perhaps monojet and dijet events will 
play the role of hadronic neutral current 
events, and e*e~ or monophoton events 
the role of leptonic neutral current events 
in establishing supersymmetry. Will the full 
analysis of the 1984 collider data reveal 
supersymmetry, or will we have to be more 
patient? Perhaps the present data have 
nothing to do with supersymmetry. It could 
even be that Nature knows nothing of 
supersymmetry — but that would seem to 
be a waste of a beautiful theory. i 
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Quasar birthpangs observed? 


from C. Martin Gaskell 


BETWEEN 5-10 per cent of high-redshift 
quasars show broad absorption lines arising 
from gas being expelled at speeds of up to 
10 per cent of the speed of light. A recent 
study published in Astrophysical Journal 
282, 33; 1984 by Cyril Hazard and collab- 
orators leads to the suggestion that these 
so-called broad absorption line (BAL) 
quasars are actually quasars turning on for 
the first time. 

Early studies showed that quasars are 
more common the further back in time one 
looks (that is, at higher redshifts). This pro- 
duced confident predictions that surveys 
down to faint optical magnitudes and low 
radio-flux levels would turn up many high- 
redshift quasars. However, despite the big 
advances over the past decade in radio and 
optical telescopes, and in particular in low- 
light level detectors, the quasar redshift 
record has only crept from 3.53 in 1974 to 
3.78 in 1982. This lack of progress should 
be contrasted with the situation for more 
normal (non-quasar) galaxies over the same 
period, where the same advances in 
instrumentation have pushed the redshift 
record from 0.46 to 1.82. 

Where are the quasars with a redshift (z) 
of greater than 3,8? As search techniques 
have been refined in recent years, it has 
become increasingly apparent that there is 
a real deficit of quasars with z of greater 
than 3.2, and this has led many people to 
suggest that by z of say 3.5 we have already 
reached the epoch of quasar formation 
(and perhaps the epoch of galaxy formation 
as well). If this is true, then we might well 
expect high-redshift quasars to show 
spectroscopic signs of their youth. 

One of the techniques being developed 
to search the sky for quasars (and other 
interesting objects) is objective-prism 
spectroscopy using the UK Schmidt tele- 
scope in Australia. The prism in front of 
the 48-inch Schmidt telescope produces 
millions of tiny spectra of extremely faint 
objects over a 6° x 6° field of view. 
Hazard, one of the pioneers of this tech- 
nique, and his collaborators report the 
discovery of nine new broad absorption- 
line quasars on objective-prism plates, 
expressing particular interest in their red- 
shift distribution. Much of their paper is 
spent discussing the difficulties of recog- 
nizing BAL quasars on the UK Schmidt 
objective-prism plates. Normal quasars can 
be recognized relatively easily by their 
strong emission lines but the identification 
of quasars with broad absorption lines is 
much harder and in some cases almost 
impossible without follow-up spectroscopy 
on a large telescope. Their detectability is 
a strong function of their distance, because 
their redshifts govern what features fall 
within the observed wavelength region. 











Hazard ef al. expect to be able to detect 
BAL quasars in the redshift range of about 
1.4 - 3, with the range of about 2.1-2.3 
being particularly favoured. Four of their 
nine BAL quasars fall in the favoured 
redshift range, but the five that lie outside 
this range all have higher redshifts. This is 
surprising, since one finds more non-BAL 
quasars in the redshift range of 1.4 - 2 than 
2.4-3. It seems, therefore, that the 
fraction of quasars with broad absorption 
lines rises steeply at high redshifts. 

This discovery is important. It leads 
Hazard et al. to suggest that BAL quasars 
are young quasars and that the broad 
absorption troughs are the result of some 
violent ejection during the first onset of 
quasar activity. In the course of time the 
BAL quasar will evolve into a more normal 





quasar. This contrasts with earlier sugges 
tions that BAL quasars are either a speci i | 
kind of quasar or, perhaps, are normak 
quasars viewed from a special angle. What 
ever the cause of BAL quasars, the rise in’ 
the percentage of quasars showing broad. 
absorption lines as redshift 3.5 is ap~ 
proached is strong support for ‘something”’ 
having happened about that time. 
Hazard et al. also point out that if many 
quasars pass through the broad absorption 
line phase, with heavy elements being. 
rejected at high velocities, there could be: 
a considerable influence on the pollution 
and dynamics of the intergalactic medium 
and the formation of galaxies. Full confir- 
mation of these ideas will require more ex- 
tensive studies of the frequency of BAL 
quasars among the quasar population as a 
whole and more follow-up spectroscopy of 
quasars found to have peculiar spectra on 
the UK Schmidt prism plates. D 
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Geochemistry 


Multistage accretion and 
core formation of the Earth 


from Shen-su Sun 


THERE are several competing hypotheses 
to explain the Earth’s accretion from the 
solar nebula and the subsequent formation 
of its metal core within a period of 100 
million years, about 4.6 thousand million 
years ago. Arguments are based on models 
of the development of the Solar System, 
studies of meteorites, experiments carried 
out under high temperature and pressure, 
and our knowledge of elemental abun- 
dances in the Earth’s mantle. Specific pro- 
cesses of accretion and core formation have 
left their finger prints on the abundance 
patterns of elements with different affini- 
ties for silicates, metallic iron and 
sulphides. The strengths or weaknesses of 
various hypotheses can therefore often be 
exposed when accurate abundance data for 
certain critical elements become available. 
A good example is provided by a recent 
study by Newsom and Palme of the abun- 
dances of molybdenum (Mo) and tungsten 
(W) in the Earth’s mantle', which lends 
strong support to multi-stage accretion 
models and severely limits the role played 
by metal and sulphide during the final stage 
of accretion. 

As a result of the accretion processes, 
many elements are depleted in the Earth's 
mantle relative to their abundance in type 
1 carbonaceous chondrites (C1)—believed 
to represent the most primitive Solar- 
System material. The general sequence of 
depletion factors for lithophile elements in 
the Earth’s mantle relative to chondrites 
(see figure) corresponds approximately to 





the predicted sequence of condensation of 
elements and phases from a cooling gas of 
solar composition. The regular distribution 
patterns suggest that the terrestrial deple- 
tion is related to the character of the source 
material within the Solar System and/or is 
a consequence of a selective condensa- 
tion/volatilization process which occured 
during Earth’s accretion. Depletion of the 
siderophile elements in the mantle reflects 
their preferential entry into the core (about 
one third of the Earth’s mass) but the 
degree of loss of individual elements dur- 
ing accretion varies according to their 
volatility. The highly siderophile elements 
(platinum group elements, Au) are depleted 
in the mantle by a factor of about 300 but 
maintain chondrite ratios relative to each 
other. A surprising feature of the figure is 
that the abundances of siderophile elements 
in the mantle are much greater than would 
be predicted by partition coefficients! bet- 
ween iron and silicates expected to occur 
in the mantle. A multi-stage process of ac- 
cretion and core formation is therefore 
required?" 

One viable model of that type has three 
main stages. In the first, there is accretion 
of 85 - 90 per cent of the Earth from re- 
duced chondritic components with simul- 
taneous formation of the iron core; all 
highly siderophile elements and most mod- 
erately siderophile elements are carried in- 
to the core, with minor retention of Ni, Co 
and FeO in the silicate mantle. In the 
second stage, after initial core formation, 
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Elemental depletion factors versus solar condensation temperature for the Earth’s primitive man- 
tle. Depletion factor is the ratio of the abundance of an element in the primitive mantle to that 
in type | carbonaceous chondrites relative to Mg. Square symbols denote a siderophile, circles 
a lithophile, and plus signs a chalcophile during solar condensation. Stars represent possible 
upper limits. Modified from Fig. 3 of ref. 2 to include new data on W and Mo from ref. I. 


10 - 15 per cent of more oxidized chon- 
dritic components are added. This may 
result in cessation of the main core-forming 
‘event, because the accreting material con- 
tains much less metal and the mantle 
becomes more oxidized. The oxidized com- 
ponents could be of C1 chondrite type, thus 
accounting for the abundances of 
siderophile and volatile elements in the 
mantle. A continuous change of the oxida- 
tion character of the source material from 
the first stage to the second seems likely. 
Extraction of a very small amount (much 
less than one per cent) of sulphide-rich iron 
from the partially molten mantle into the 
core could severely deplete highly sidero- 
phile elements whereas moderately sidero- 
phile elements would be depleted to dif- 
ferent extents. Ni, Co, Cu and Ga remain 
in the silicate mantle. Finally, in stage 
three, accretion of about one per cent of 
chondritic material brings in highly 
siderophile elements and establishes the 
low abundances that are now observed in 
the mantle. 

Newsom and Palme point out that 
because Mo has a stronger affinity than W 
for iron (siderophile) and sulphur (chalco- 
phile), the depletion of Mo relative to W 
provides a sensitive indicator of the second- 
stage process. Deviations within a factor of 
two of the newly estimated Mo/W ratio for 
the Earth’s mantle from the expected chon- 
dritic value for the bulk Earth would limit 
metal or sulphide segregation from the 
mantle to the core during stage two to pro- 





bably less than 0.1 per cent, otherwise 
stronger depletion of Mo relative to W, Co 
and Ni would be observed. Similar nor- 
malized abundances of Cu (highly 
chalcophile) to Co (moderately chalcophile) 
lend support to this conclusion. 

It is worthwhile pointing out, however, 





Ecology 


How and why eroded 
ecosystems should be restored 


from Jared Diamond 


RESTORATION ecology is emerging as an 
applied science related to the basic science 
of ecology in the same way that medicine 
relates to molecular and cell biology. It 
aims to repair, create, or recreate eco- 
systems and ecological communities. 
Typical goals include converting eroded 
areas into productive land, restoring fish 
production in overfished or polluted lakes, 
and recreating vanished communities. To 
lay the conceptual foundations of restor- 
ation ecology, it will be necessary to 
identify reasonable goals, to define the 
minimum scientific knowledge necessary to 
achieve those goals, and to exploit the 
potential spin-offs from restoration ecology 
to ‘pure’ ecology. These three aims were 
explored in a symposium organized by the 
University of Wisconsin Arboretum and 















preclude the possibility that sulphide might 
have played an important role during the 
first stage of core formation. Critical 
evaluation of the suggestion® that sulphur 
is a major light element in the core, which 
has a density about 10 per cent lower than 
pure Fe, requires independent evidence. 
Ringwood? " has pointed out that ¢ xygen — 
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core might ‘contain -about! ne per cent. 
sulphur. The full significance of the detail- 
ed abundance patterns of moderately 
siderophile and volatile elements shown in 
the figure remain to be explored. Their ap- 
plication to differentiation of the Earth’s 
mantle during the accretion and core 
formation should provide us with a much 
better appreciation of the history of the 
Earth. o 
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held in Madison on 11-12 October 1984. 
Founded just after the dustbowl disaster of 
the 1920s, the Arboretum was a most 
appropriate host because of its role in 
recreating samples of Wisconsin’s vanished 
prairies and forests and its experiments on 
the use of fire in prairie management. 
The issue of goals came sharply into 
focus over the repeated mention of the 
words ‘natural’ and ‘self-sustaining’, and 
over the contentious question of whether 
restoration ecologists may use only native 
species. If restoration ecology had the 
single goal of restoring defined natural 
communities, the use of exotic species 
would obviously be anathema. Reality: is 
more complex, for at least five reasons. 
First, no community on Earth has: 
escaped the direct or indirect effects of | 





an, so which is the ‘natural community 
that one would seek to restore? For 
instance, the stated mandate of the US 
National Park Service is “to preserve the 
parks for posterity in essentially their 
natural state’’. Does that mean the exact 
state first seen by Europeans, or the state 
after correction for effects of successional 
processes then operating, or corrected for 
prehistoric effects of Amerindians? Should 
one merely prevent man-made fires, or 
should one deliberately simulate fires set by 
Amerindians or lightning? Such seemingly 
arbitrary choices can have major conse- 
quences; for example, should the restored 
park be closed forest, open forest or 
prairie. Second, even if the goal of a 
natural community could be specified, it is 
often unattainable because important 
native species have been exterminated and 
introduced species have become firmly 
established. Third, the resulting semi- 
natural community may not be self- 
sustaining without continual management 
to compensate for tiny population sizes, 
severed nutrient inputs and severed 
migration routes (see Nature News and 
Views 289, 350; 1981). Fourth, increments 
of ‘naturalness’ cost money and time that 
might better be spent elsewhere: should one 
make a costly attempt to eradicate the last 
few exotic plant species from a restored 
woodland, or spend the money on restoring 
another woodland? Finally, there are many 
cases where a restoration project has legi- 
timate goals unrelated to naturalness, such 
as preventing erosion or restoring timber 
and fisheries production. Thus, the goals 
of restoration ecology are much broader 
than simply restoring natural communities. 
Instead there is a spectrum of goals, which 
is responsive to a spectrum of needs and 
constraints; and each goal requires 
application of ecological knowledge. 

What ecological knowledge is necessary? 
A seemingly prudent answer would be to 
demand detailed studies of each species, 
their interactions with each other and with 
the environment. This may be appropriate 
when ample money and time are available, 
but the usual challenge of restoration 
ecology is to make do with much less know- 
ledge. Rainforests, for instance, consist of 
thousands of plant and animal species, for 
most of which the details of reproduction 
are unknown. More generally, restoration 
ecology is a crisis discipline operating under 
short deadlines and fixed budgets where the 
central methodological question is the 
ecological information that needs to be 
acquired in order to achieve the particular 
goal. Much discussion at the symposium 
centred around the tension created by 
adapting the methods and values of a pure 
science to the needs of an applied science. 
For example, the reclamation of mined 
lands is usually accomplished by irri- 
gation and fertilization of the land, 
followed by dispersal of seed by machine. 
An alternative approach is to use seed- 
eating mammals to disperse the seed, but 
this requires knowledge of the seed types 


| most likely to be dispersed by animals 





Rather than solve this question for each 
granivore species, James MacMahon (Utah 
State University) showed how the inform- 
ation could be achieved cheaply and 
elegantly for whole classes of species by 
setting out dishes of seeds in the desert by 
night or by day, inside or outside cages. 
Desert ants, birds and rodents all turn out 
to select seeds by their caloric or soluble 
carbohydrate content. 

Amidst these discussions of practical 
problems, the symposium also examined 
two ways in which restoration ecology 
could make unique contributions to basic 
ecology. First, Anthony Bradshaw (Univer- 
sity of Liverpool) pointed out that the acid 
test of a presumed understanding of an 
ecosystem, as of a clock or enzyme reaction 
chain, is whether it can be reassembled in 
working order from its individual compo- 
nents. He illustrated his point with a 


Genetic engineering 





dramatic photograph of a ‘restored’ Britis 
waste dump, still bare of vegetatior 
because its need for nitrogen had been over 
looked. Restoration ecology’s syntheti 
approach thus complements the reduction 
ist approach of academic ecology in under 
standing ecosystems. Second, although th 
controlled experiment is as powerful a too 
in ecology as in other sciences, most con 
ceivable manipulations of ecosystems arı 
illegal, immoral, or impractical (see Natun 
News and Views 304, 586; 1983) and eco 
logical field experiments are doomed tc 
operate for short times on tiny areas. Onl 
in restoration projects can ecologists exter. 
minate or introduce species over large area: 
and plough up whole landscapes. Thus, 
restoration ecology vastly expands the scale 
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of experimental ecology. È 
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Better enzymes by design 


Jrom E.T. Kaiser 


A BURGEONING activity among those in- 
terested in the mechanism of enzyme action 
has become the redesign of active sites, as 
well as of structural regions, through the 
use of the technique of site-directed muta- 
genesis. Because this technique permits the 
systematic replacement of particular 
amino-acid residues by other residues of 
any characteristic the ‘designer’ wishes to 
introduce, it is rapidly replacing the 
technique of chemical conversion. The 
latter technique has had some success in 
converting catalytically crucial nucleophilic 
residues in an enzyme into other potentially 
reactive nucleophilic groups!?, but is 
limited by the requirement for reactions to 
be targeted specifically to one residue in a 
protein molecule and by the need to carry 
out conversion reactions under mild con- 
ditions, typically at ambient temperatures 
and at pH values near neutrality. No such 
constraints are placed upon site-directed 
mutagenesis as long as cloned DNA for the 
enzyme in question can be obtained. The 
technique is already showing its paces. 
So far, the genetic engineering of enzyme 
active sites has focused on catalytic species 
involved in acyl transfer reactions such as 
the enzyme f-lactamase. Typically, a short 
synthetic DNA sequence encompassing the 
desired mutation is used either to prime 
production of double-stranded cDNA prior 
to cloning or to replace a gene fragment 
excised from a DNA duplex. The active- 
site serine in B-lactamase has in this way 
been replaced by a cysteine residue? and 
by a threonine residue*. Although the 
former mutant catalyses the hydrolysis of 
penicillin with a Km value similar to that 
measured for the parent enzyme, the K ca 
of the mutant enzyme is approximately 100 
times smaller. With the cephalosporin, 








nitrocefin, as the substrate, the Km of 
thiol-f-lactamase is increased more than 
10-fold, and the kex is at least comparable 
to that of the parent enzyme. When the 
active-site serine is converted to a threonine 
residue, on the other hand, the enzyme 
loses its catalytic activity towards 
penicillin *. 

Although the number of enzymes 
catalysing acyl transfer in which active-site 
nucleophiles have been converted into new 
potentially reactive nucleophiles is still 
rather small, the examples studied to date 
show low activity towards all but the more 
highly-activated substrates. In most acyl 
transfer reactions the catalytic pathway in- 
volves formation and decomposition of tet- 
rahedral intermediates (with the possible 
exception of cases with very good leaving 
groups) and requires a series of rapid pro- 
ton transfers. The replacement of the nuc- 
leophilic residue at the active site of a pro- 
teolytic enzyme by a new nucleophile in a 
mutant form may, in a particular molecular 
environment, hinder some proton transfer 
steps and cause a bottleneck. If this expla- 
nation is correct, then generation of the 
effective new active-site nucleophiles in acyl 
transfer enzymes may require concomitant 
alteration of the nearby environment by 
additional mutations. 

Recently, the possibility has been ex- 
plored that alteration of active-site nucle- 
ophiles may have less deleterious effects in 
enzymes catalysing other types of group 
transfer reactions, where rapid proton 
transfers may not be a requirement for 
effective catalysis. In my laboratory, we 
find that conversion of the active-site serine 
to cysteine in alkaline phosphatase of 
Escherichia coli does not alter the enzyme’s 
high degree of catalytic activity toward a 





aumber of phosphate monoesters. This 
nay be due to a less stringent requirement 
for rapid proton transfers in the phos- 
shoryl transfer process than is usual in acyl 
cransfer reactions. If so, it may provide a 
neans of predicting species that are effec- 
‘ive at catalysing group transfer reactions. 

Several other experiments have tested the 
effects of altering non-nucleophilic residues 
in enzymes, and have produced intriguing 
results. In rat trypsin, glycine residues 216 
and 226 have been replaced by alanines 
(C.S. Craik et al., personal commun- 
ication). As expected from analysis by 
computer graphics, these substitutions dif- 
ferentially affect the enzyme’s selectivity 
towards lysine and arginine substrates. 
However, in contrast to predictions, the 
selectivity is not dominated by the Km 
but rather by the Kea values; mutants 
containing alanine 226 have a dramatically 
decreased Kea. Additionally, the role of 
aspartic acid 102 in the catalytic triad of 
trypsin was tested by replacing it with 
asparagine. The resulting enzyme has 
similar Km values but only five per cent of 
the kea value of the parent enzyme in 
catalysing the hydrolysis of arginine and 
lysine peptide substrates. 

In experiments with rat carboxypeptidase 
A, the substitution of phenylalanine for 
tyrosine 248, a residue which has been con- 
sidered a potential proton donor in the 
catalytic action of the enzyme for peptide 
substrates, results in a mutant enzyme that 
is still competent at hydrolysing a peptide 
substrate and two ester substrates, although 
it has an approximately 15-fold reduced 
activity towards potato carboxypeptidase 
inhibitor (S. Gardell, D. Hilvert & W.J. 
Rutter, personal communication). Replace- 
ment by alanine of threonine 51 of the 
tyrosyl-tRNA synthetase of Bacillus 
stearothermophilus results in a lowering of 
the Km for the substrate ATP by a factor 


of two®, More dramatically, the Km for 
ATP in the amino-acylation step is 
decreased more than 100-fold by replace- 


Mounds formed by callianasid ghost 
shrimps on the floor of the lagoon at 
Ehewetak Atoll, Marshall Islands. The 
opening of the mound, which is about 15 
cm high, is arrowed. The shrimps sort 
massive quantities of sediment to extract 
organic matter, burrowing to depths of 
1.5 metres. The redistribution of radio- 
nuclides resulting from this activity is 
described on page 674 of this issue. 
| Photograph by T.H. Suchaneh. 




















ment of the threonine by a proline, which 
probably disrupts an a-helix in the region 
of the enzyme where residue 51 is located. 
The effect on E. coli dihydrofolate 
reductase of substituting lysine for gluta- 
mine 139, which participates in a hydrogen- 
bonded salt bridge with histidine 141 
remote from the active site, is a significant 
decrease in stability for the urea-induced 
unfolding transition (S J. Benkovic, C.R. 
Matthews & D. Tu personal commun- 
ication). The thermal transition for the 
mutant is 36°C while that of the parent 
enzyme is 47°C. Most interestingly, at tem- 
peratures both above and below the 
transition zone the catalytic activity of the 
mutant enzyme is unchanged from that of 
the parent. The conversion of proline 39 
of dihydrofolate reductase to a cysteine 
produces a mutated enzyme with normal 
catalytic activity ’. According to the X-ray 
structure of the enzyme, the cysteine would 
be situated in such a way that it should be 
possible readily to form a disulphide bridge 
with cysteine 85. Oxidative formation of 
this disulphide substantially reduces 
enzymatic activity, which is ascribed to a 
concomitant reduction in the dynamic 
flexibility of the enzyme molecule. 
While much attention will continue to 








be focused on the use of site-directed 
mutagenesis to modify enzyme active sites, 
alteration of structural regions should also 
be important. For relatively small mole- 
cules, such as many peptide hormones, 
where chemical synthesis is feasible, the . 
systematic replacement of substantial. 
segments outside the active site by. non- 
homologous segments that preserve or 
accentuate the original secondary-structur 
characteristics has. already Least 








stability *. 
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Oncogenes 


Yeast aids cancer research 


from Paul Nurse 


MUTANT ras genes are strongly implicated 
in the transformation of certain mam- 
malian cells to cancer cells, which can then 
form tumours. Thus, point mutations are 
detected in the ras genes of some tumour 
cells, and the mutant genes are capable of 
completing the transformation of NIH 3T3 
fibroblast cells. But the biochemical func- 
tions of the p21 (referring to their size) 
proteins produced from either normal or 
mutant ras genes are not well understood. 
The discovery of ras-related genes in the 
yeast, Saccharomyces cerevisiae'?, has 
opened up new and powerful approaches 
to this problem which are not possible in 
mammalian cells. Sophisticated genetic 
procedures available in yeast, such as tetrad 
analysis and gene replacement, allow the 
behaviour of specifically mutated genes 
to be studied in a variety of genetic 
backgrounds. Two recent papers*” clearly 
demonstrate the power of this type of 
analysis and have provided important 
clues about the biochemical function of 
ras genes. 

Yeast contains two genes closely related 
to ras, RAS] and RAS2 (not ras! and ras2 
simply because of the conventions of S. 
cerevisiae geneticists), which code for pro- 
teins of 309 and 322 residues'*. These are 
around 90 per cent homologous to the 
mammalian p21 proteins in their first 
(amino-terminal) 80-90 amino acids, and 
about 60 per cent homologous over their 





first 172 amino acids but are dissimilar at 
their carboxy-termini. Disruption of both 
the RASI and RAS2 genes is lethal to yeast 
but disruption of only one of them is 
not®**; thus, RAS functions are necessary 
for yeast cell viability but these can be pro- 
vided by either RASI or RAS2. 

Wigler and his coworkers? have now 
shown that yeast cells are still viable when 
the yeast ras-related genes are replaced by 
a human ras gene, H-ras. The human gene 
is not completely effective in replacing the 
yeast genes; only about 40 per cent of yeast 
spores containing H-ras germinate and 
those that do grow slowly. This is probably 
due to differences in the carboxy-terminal 
regions of the yeast and human genes since 
there is much better germination of spores 
containing a chimaeric gene made up of the 
first part of the human gene and the second 
part of the yeast RAS2 gene, and the 
resulting cells have a normal generation 
time. The interchangeability of the yeast 
and human genes establishes that much of 
the biochemical function of the yeast RAS 
proteins is shared by the mammalian p21 
proteins. Further support for this view 
comes from Scolnick and coworkers who 
have found that the amino-terminal region 
of yeast RAS/ binds guanine nucleotides 
and has a GTP hydrolytic activity, like 
mammalian p21’. 

In a second paper, Wigler and Ishikawa, 
with their coworkers in the United States. 





the biochemical functions of the RAS pro- 
teins in yeast*. They find mutants of a 
gene called BC Y/ that can still grow even 
though their RAS/ and RAS2 genes are 
disrupted. BC Y/ is one of three yeast genes 
whose products are involved in the syn- 
thesis of cyclic AMP and the phosphoryl- 
ation of proteins by a cyclic-AMP depen- 
dent protein kinase that is composed of a 
catalytic sub-unit and a regulatory sub-unit. 
BCY! mutants are deficient in the 
regulatory sub-unit of the cyclic AMP- 
dependent protein kinase, CYR3 in the 
catalytic sub-unit, and CYR/ in adenyl 
cyclase, the enzyme that synthesizes cyclic 
AMP in the cell’. In the absence of cyclic 
AMP the regulatory sub-unit binds to and 
inhibits the catalytic sub-unit of the kinase; 
the enzyme becomes activated when cyclic 
AMP binds to the regulatory sub-unit and 
causes its dissociation from the catalytic 
sub-unit. 

CYR/ mutants resemble strains in which 
both RAS/ and RAS2 have been disrupted 
in that they are lethal but their lethality can 
be suppressed by BCY/ mutations. Other 
similarities between these strains are that 
both have low levels of cyclic AMP and 
both sporulate in relatively nutrient-rich 
medium’. Therefore a lack of RAS pro- 
teins in the cells has effects that are similar 
to those caused by a reduction in adenyl 
cyclase activity. Because other guanine 
nucleotide-binding proteins have been 
found to modulate adenyl cyclase activity, 
the authors suggest that this may be one of 
the biochemical functions of the RAS pro- 
teins. They support this suggestion by 
showing that cells that contain disrupted 
RAS genes lack a membrane-localized 
GTP-dependent activity which would 
stimulate adenyl cyclase’. 

What effects are seen when the RAS 
genes of yeast are mutated in a way that 
is equivalent to the mutations of human ras 
genes that result in cell transformation? To 
answer this question, a mutant was con- 
structed in which the glycine at position 19 
of RAS2 was replaced with a valine’, 
equivalent to the change at position 12 of 
p21 that results in mammalian cell transfor- 
mation. This RAS2 mutation affects yeast 
in a similar way to BCY/ mutants; neither 
mutant strain can sporulate and, when 
nutritionally starved, both have low viabili- 
ty, fail to accumulate storage carbohydrates 
and have unusually high levels of trehalase 
activity. The RAS2 mutant strain has four 
times the normal content of cyclic AMP 
and has an increased membrane-localized 
GTP-dependent activity that stimulates 
adenyl cyclase. Therefore, a mutant yeast 
RAS protein, which is analogous to a 
transforming p21 protein, stimulates adenyl 
cyclase, leading to high levels of cycle AMP 
and probably to increased cyclic AMP- 
dependent protein phosphorylation in the 
cell. This is an intriguing conclusion, given 
that cyclic AMP has been implicated in 
growth and cell-cycle control of certain 
mammalian cell types’, and suggests that 





“protein phosphory- 
lation may be involved in the trans- 
formation of mammalian cells mediated by 
mutant ras genes. 


Cell-cycle control 

Will it be possible to use the yeast system 
to delineate the steps by which the transfor- 
ming mutants of mammalian RAS genes 
eventually stimulate cells that contain them 
into uncontrolled entry into the cell cycle? 
A strong case can be made for this view: 
altered RAS genes do seem to have effects 
on the yeast cell cycle. 

Cells of yeast in which both RAS genes 
have been disrupted accumulate in the G, 
phase of the cell cycle prior to DNA replica- 
tion; disruption of the RAS2 gene alone 
pushes cells out of the cycle and into sporu- 
lation even in relatively nutrient-rich 
medium, which normally favours cell pro- 
liferation. When glycine 19 of RAS2 is 
replaced by valine, cells in nutrient-poor 
medium leave the cycle without having built 
up their carbohydrate reserves, and so lose 
viability and fail to sporulate. 

It seems, therefore, that a decrease in 
cyclic AMP-dependent protein phospho- 
rylation causes yeast to leave the mitotic cell 
cycle. What proteins could be the target for 
this phosphorylation? One obvious can- 
didate is the product of the CDC28 start 
gene!!! which is required in G, for com- 
mitment to the mitotic cycle; its homo- 
logue in fission yeast also regulates the 
initiation of mitosis. Analysis of the 
sequences of these two genes suggests that 
they code for a protein kinase that is 
phosphorylated"'-'*. If that phosphoryla- 
tion is stimulated by cyclic AMP-dependent 
protein kinase, then a direct link could be 
established between RAS and cell-cycle 
control in yeast. Interestingly, a role for 
cyclic AMP in cell-cyclic control has been 
proposed previously from studies on a- 
factor,,, a mating pheromone of yeast 
which causes transient arrest in G, prior to 
conjugation!?. Pheromone addition has 
been reported to inhibit adenyl cyclase and 
this could reduce levels of cyclic AMP in 
the cell, leading to G, arrest’. Although 
this observation is consistent with a role for 
cyclic AMP in the control, more recent 
work has failed to confirm that a-factor 
induces an inhibition of adenyl cyclase'*. 

It may not be possible, however, to study 
in yeast the whole pathway that links ras 
genes to mammalian cell-cycle control, 
since the controls in yeast and mammalian 
cells may be rather different. In yeast, the 
control is fairly simple!®. Apart from the 
pheromone effects, cell-cycle control is ex- 
erted at the level of cellular growth rate, 
probably by a process of monitoring pro- 
tein synthesis!®'5. When nutrients are 
available and cells are growing, they enter 
the mitotic cycle, whilst cells faced with 
nutrient deficiency leave the mitotic cycle 
and enter stationary phase or sporulation. 
The RAS genes may influence this control 
only indirectly by disturbing cellular growth 
rate. In mammalian cells there is an extra 








layer of controls appropriate 
multicellular organism: cell proliferation 
must be controlled during embryogenesis 
wound healing and tissue renewal for exs 
ample, and this is likely to involve effec< 
tors — such as growth factors, hormones 
and molecules concerned with cell-surface: 
contact — that are not relevant for yeast. 
Although ras-related proteins may be per- 
forming similar immediate biochemical 
functions in yeast and mammalian cells, 
their longer-range physiological effects may! 
be quite different. It is possible that the ras 
genes have been recruited into the extra! 
layer of controls appropriate to multi- 
cellularity at a point in evolution after yeast 


and the metozoa diverged. Ch 
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100 years ago 
CIVILISATION AND EYESIGHT 

THE question of the increasing prevalence of 
short sight has for a considerable time been the 
subject of much investigation and speculation in 
Germany, the results of which have been in many 
cases to give rise to predictions of rather an alar- 
mist tendency. The numerous statistics from Ger- 
man schools have shown that the proportion of 
short-sighted boys continually increases from 
form to form, and from this fact it is very 
generally argued that the continued use of the 
eyes for the perception of near objects is the 
essential if not the only factor in the production 
of short sight. This view appears, again, to be 
supported by statistics which allot the largest pro- 
portion of short-sighted individuals to those 
branches of industry or those pursuits which con- 
stantly call for near vision. Two points, however, 
appear to be forgotten, or at all events fail to 
receive sufficient consideration, in arriving at 
such a conclusion. In the first place, there is an 
undoubted tendency to increase in the degree of 
short sight with age alone up to the period of 
cessation of growth. The second point is how far 
the greater proportion of short sight amongst 
literary men, or artisans whose daily work 
necessitates close vision, is actually due to their 
occupation, or depends on the circumstances 
that, being originally short-sighted, they have 
drifted into pursuits which are more attractive 
to them, owing to their not being able to enjoy 
out-door work or sports to the same extent as 
others whose eyes are more fortunately focussed, 
From Nature 31 387, 26 February 1885. 









Nuclear physics 


Spinning the erbium 


nucleus into different shapes 


from Neil Rowley 


Ir HAS long been known that the motions 
of individual neutrons and protons within 
the nucleus are strongly affected when the 
nuclear matter distribution is bodily 
rotated. At high enough rotational vel- 
ocities, however, the entire matter distri- 
bution itself may undergo convulsive 
changes, as demonstrated by a recent 
experiment (Simpson, J., et al. Phys. Rey. 
Lett. 53, 648; 1984), performed at. the 
Nuclear Structure Facility of the Science 
and Engineering Research Council by a 
group from the Universities of Liverpool 
and Copenhagen. 

The predicted evolution of the shape of 
a typical deformed rare-earth nucleus with 
increasing rotational frequency w is shown 
in Fig.1. The nucleus is shown rotating in 
the plane of the page so that we are look- 
ing along the axis of rotation. At low fre- 
quencies (Fig. ła) the matter distribution 
has a ‘prolate’ shape, that is it has an axis 
of symmetry s with its poles stretched out 
along this axis. At intermediate spins 
(Fig.1b) the rotation forces some of the 
matter out into the plane of the page. The 
original axis s is still readily recognizable 
but is no longer an axis of rotational sym- 
metry; the nucleus is now said to be ‘triax- 
ial’. At high spins (Fig.ic) the matter 
distribution is more extensively thrown out 
in the plane of the page but in a sym- 
metrical fashion, so that no special direc- 
tion in the plane now exists. The nucleus 
again possess a symmetry axis but this now 
points out of the plane so that it coincides 
with the axis of rotation and the system is 
flattened at its poles into a ‘oblate’ shape. 
It is the dramatic collapse of the erbium 
(Er) nucleus into such an oblate con- 
figuration that Simpson et al. have 
observed. 

In order to understand the experimental 
signature for such a shape change, one 
must consider the concept of ‘rotational 
frequency’ for a microscopic object. The 
excited states of the nucleus should strict- 
ly be labelled by their total angular momen- 
tum / rather than by w, which is a classical 
quantity. If, however, one does picture the 
nucleus as a rotating deformed object, then 
its positive charge will result in the genera- 
tion of a rotating deformed electric field 
which will emit electromagnetic radiation. 
The rotational frequency of such a de- 
formed object may be inferred from the 
frequencies of the sequence of y rays that 
the nucleus emits as it decays from states 
at high angular momentum. 

If the rotational frequency is a meaning- 
ful concept, the properties of the nucleus 
should vary in a smooth manner as a func- 
tion of it. Fig.2 shows the total energy of 





S8Er relative to that of a classical rotor 
with the same spin and frequency. Despite 
the two rapid increases displayed, we see 
that this quantity is indeed a smooth con- 
tinuous function of w. Such rapid changes 
have been known for some time (both in 
this nucleus and in other systems) and are 
qualitatively well understood. They corres- 
pond to a pair of neutrons (at w,) and a 
pair of protons (at w,) starting to rotate 
around the axis of collective rotation and 
thus contributing a large fraction of the 
total angular momentum of the system. 
This process, known as rotational align- 
ment, tends to localize these nucleons in the 
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Fig.1 Change in shape of a typical rare-earth nucleus as the nuclear rotational frequency w, in 


creases. Explanations in text. 


Fig.2 Energy of the '*Er nucleus, E, relative to that of a classical rotor E,o, with the same spin, . 
J and frequency, w. Spin values are marked along the curve in units of #. : 
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-plane of rotation and thus 
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ributes t 
the triaxiality of the system (see Fig.1b 

The highest point marked in Fig.2 corres- 
ponds to a nuclear spin of 38 #. Although 
the Liverpool-Copenhagen experiment has 
quite clearly shown several excited states at 
higher spins (above wp), they are | 
cluded from Fig.2 because the’ s 
nature of the curve completely breaks down 
above this point. It is precisely the obser- 
vation of this breakdown that indicates th: 
the nucleus has flipped over into an oblate 
shape. This can be understood from Fig.1 
Since the matter distribution is symmetrical. 
about the axis of rotation, then so is the: 
associated electric field. Consequently, the 
rotation does not change this field and cans- 
not produce radiation; thus, y decays from 
a nucleus in such a configuration. must 
come from changes in the orbits of in-: 
dividual nucleons moving within the m 
ter distribution rather than from a collec- 
tive rotation of this distribution. itself. 
There is no reason, therefore, why the fre- 



































uencies of the y rays should be char 
terized by a ‘collective rotational frequen- 
cy’, and a more erratic behaviour ensues. 

Indeed, the motion of individual nu- 
cleons is principally determined by the 
average field of all the others, and for rota- 
tions about a symmetry axis this field is also 
unchanged. Thus, in a sense, the nucleons 
are completely unaware of the rotation 
and, to some extent, it is meaningless even 
to speak of the system rotating. It is 
preferable to say that the total angular 
momentum of the nucleus is aligned along 
the symmetry axis. 

At much higher angular momenta, fis- 
sion of the nucleus must eventually occur. 
Breaking of the nucleus into two distinct 
fragments clearly corresponds to a prolate 
configuration. Prior to the fission, there- 
fore, one can expect the matter distribution 
to reassume a collectively rotating prolate 





hape (as in Fig:1a) with a much increased 
deformation. Strong evidence for such a 
‘superdeformed’ state in Dy has been 
found in an earlier experiment performed 
at the Nuclear Structure Facility (Nyako, 
B.M. et al. Phys. Rev. Lett. 52, 507; 1984). 

Both of these experiments owe their 
success to a unique y-ray spectrometer, 
TESSA2 (Twin, P.J. et al. Nucl. Phys. 
A409, 343; 1983). This was designed by 
members of Liverpool University to sup- 
press much of the large y-ray background 
produced by Compton scattering in the 
detectors. The enormous power of such a 
device has been recognized by many other 
groups and similar devices are currently 
under construction in Europe, North 
America and Scandanavia. g 





Neil Rowley is at the Science and Engineering 
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Astrophysics 


Unsmoothing the Universe 


from Virginia Trimble 


THE world around us is highly structured 
on many different scales. On some scales, 
we think we understand, or at least can 
reduce, the problem to basic physics: atoms 
and molecules follow from quantum 
electrodynamics, the masses of stars are 
determined by a balance between thermo- 
dynamic presssure and gravity. But the 
origin of the largest structures — galaxies 
and clusters of galaxies — remains a 
mystery, and a basic one, for they may be 
the oldest density fluctuation of all, without 
which the kinds of stars and planets we now 
see would have little chance of forming. 

Several speakers at the most recent Texas 
Symposium on Relativistic Astrophysics* 
. Suggested ways galaxies might have 
formed. All sounded about equally plausi- 
ble, and all required at least two somewhat 
special circumstances (‘“‘tooth-fairies’’ ac- 
cording to David Schramm, University of 
Chicago) to yield the observed degree of 
lumpiness on the right scales at the right 
time. This suggests that we may still lack 
the right underlying physics. There were 
also disputes on precisely what data need 
to be explained. 

The points on which nearly everyone 
agrees are, first, that galaxies must form 
before a redshift of 3.5 - 4 in order for us 
to see quasars at that epoch. Second, if the 
universe has passed through an inflationary 
phase, the luminous matter must be more 
highly clustered than the dark matter mak- 
“ing up most of the critical density. Third, 

the amplitude of the density fluctuations, 
åĉg/g, must by now have grown to unity, 
or larger, on the cluster and supercluster 
scales. And fourth, the amplitude of fluc- 
tuations (at least adiabatic ones) must have 
been less than a few parts in a thousand at 


“The Twelfth Texas Symposium on Relativistic Astrophysics’, 
17-21 December 1984, Hebrew University, Jerusalem. 





the time matter and radiation decoupled 
(redshift ~ 1000) in order not to produce 
anisotropies in the microwave background 
radiation larger than the current upper 
limits, d7/T = 2 x 10° over angular 
scales 1-4 arc min, according to a review 
by Bruce Partridge (Haverford College). 
Some of the possible models and dif- 
ficulties with them include: 
(1) Strings are hypothetical thin tubes of 
false vacuum left over after a universal 
phase change to a real vacuum. They con- 
nect pairs of monopoles and bound domain 
walls. They can cross over themselves and 
reconnect, breaking off loops. Alexander 
Vilenkin (Tufts Univerity; see also Nature 
312, 598; 1984) discussed how oscillating 
closed loops can act as condensation cen- 
tres for galaxy formation. A virtue of the 
idea is that the reconnection process 
guarantees that lumps formed around loops 
will have non-random phasing; that is, that 
galaxies will be more highly clustered than 
matter as a whole. But the strings them- 
selves contribute nothing to the local mass- 
density, so that we must still postulate some 
form of dark, non-baryonic matter that 
makes up most of the universe. 
(2) ‘Bias’ is the idea that galaxies might 
form only at extreme points of the density 
distribution. This yields galaxies that are 
more clustered than the mass in general, 
even with a randomly-phased spectrum of 
primordial perturbations, because galaxy- 
sized lumps superimposed on larger-scale 
positive density fluctuations have the best 
chance of collapsing. An inflationary epoch 
automatically expands quantum fluctua- 
tions to give the requisite initial spectrum 
(equal power at each scale as it comes 
within the horizon) and though we cannot 
currently calculate the amplitude of the 
fluctuations, the microwave isotropy sets 








an upper limit. But the need for some kin 
of weakly-interacting massive particle to 
make up most of the energy density con- 
stitutes a second tooth-fairy. 

James Bardeen (University of 
Washington, Seattle) and Simon White 
(University of Arizona) presented biased 
models of this type. In Bardeen’s model, 
with cold dark matter — axions, super- 
symmetric particles (see Nature 313, 9; 
1985), or other particles of = 2 GeV— 
either isocurvature or adiabatic fluctua- 
tions, together with gravitational interac- 
tions, suffice to form galaxies with the 
observed distribution in the sky. But struc- 
tures as large as Abell clusters could only 
have collapsed by the present time if they 
had much larger density contrasts over the 
background than observed. White’s cold 
models behave similarly, while those 
dominated by particles of low mass (for ex- 
ample, neutrinos <100 eV) or intermed- 
jate mass (for example, gravitinos ~ 100 
MeV) concentrated much of the matter in- 
to 10'6 - 10!” Solar mass structures (larger 
than we see), and produce excessively high 
density contrasts on smaller scales, unless 
galaxy formation is strongly suppressed in 
high density regions-a sort of inverse bias. 
(3) Other possible combinations were ad- 
dressed by Keith Olive (Fermilab) and 
David Schramm: a universe dominated by 
cold massive particles that decay to lower- 
mass relativistic particles just after galaxy 
formation ends (so that density contrast 
stops growing), or a universe dominated by 
low-mass hot particles, but which only 
starts with small-scale isothermal perturba- 
tions. The former must be very finely tun- 
ed whereas the latter cannot be produced 
by inflation or any other known physical 
process, so again we need two tooth-fairies. 

Perhaps the greatest surprise to most 
participants was a suggestion from 
Margaret Geller (Center for Astrophysics) 
that the supposed data these simulations 
are designed to match are not as secure as 
we had thought. She has re-examined 
details of the Shane-Wirtanen galaxy 
counts, a major source of published 
statistics which shows how the distribution 
of galaxies in the sky differs from ran- 
domness. It is based on plates that were 
taken under a wide range of observing con- 
ditions and counted by two different peo- 
ple over some period of time. Shane and 
Wirtanen attempted to compensate for the 
inevitable non-uniformities by forcing the 
closest possible matches in regions of plate 
overlap. One result is to push down the 
numbers in plates surrounding a bad one. 

Geller finds that these and other problems 
in the original data not only create artificial 
features in the galaxy distribution but also 
hide real ones. For instance, a conspicuous 
filamentary feature traces down the edges 
of a group of plates counted by Wirtanen 
rather than Shane; a bad plate near the 
Coma cluster has suppressed nearby areas 
and makes the cluster look very isolated; 
and there is a shift between counts done on 
single plates and those done across plate 








boundaries at just about the scale where 
one might have expected to see a real 
change in the slope of the correlation func- 
tion. Thus only effects that have been seen 
in more than one survey should be taken 
seriously, such as the slope of the correla- 
tion function (r~!), but not its precise 
amplitude, the length scale at which it turns 
over (if it does), or whether it goes negative 
at some large distance. 
. Clusters of galaxies are, themselves, even 
more strongly clustered than the galaxies, 
according to Neta Baheall (STScI). Rich 
clusters are more clumped than poorer 
ones. That is, the amplitude of the rich- 
cluster correlation function exceeds that of 
the galaxy correlation function by a factor 
of about 30, at a scale length of SMpc; the 
amplitude for smaller clusters falls in bet- 
ween; and the slope of all three correlation 
functions is r~' 8, Bahcall interprets this 
to mean that a large fraction of galaxies 
form outside clusters. But Schramm 
pointed out that, when the correlation 
functions are renormalized to scale length 
as a fraction of the average separation of 
the objects concerned (a technique adopted 
from condensed-matter physics), rich and 
poor clusters look the same, while the gal- 
axies are more strongly clustered, reflecting 
the action of an extra factor, presumably 
gravity. If this is correct, then the galaxy 
correlation function should go negative at 
about 40 Mpc and that of the cluster at 400 
Mpc. As Geller noted, some surveys show 
such a turn-over but others do not. 
Finally, Bahcall remarked that cluster- 
ing on still larger scales should reveal itself 
through large velocity deviations from 
smooth expansion, A hint of the predicted 
peculiar velocities has recently turned up 
at another meetingt. Marc Aaronson 
(University of Arizona) and Jeremy Mould 
(California Institute of Technology) have 
analysed redshift data for 10 nearby 
clusters, the distances of which have been 
determined from the correlation of infrared 
luminosity with 21 cm line width (the Tully- 
Fisher relation). Scatter in the derived value 
of the Hubble constant is minimized if the 
Local Group of galaxies has a velocity of 
788 + 188 km/s in the direction of galactic 
latitude 18° + 13° and longitude 255° + 
17°. This is in reasonable agreement with 
the 600 + 30 km/s in about the same direc- 
tion that seems to be our velocity relative 
to the 3 K microwave radiation. But, more 
to the point, it can be broken up into a vec- 
tor sum of an infall of the Local Group 
toward the centre of our (Virgo) 
supercluster at about 300 km/s plus a 
somewhat larger motion of the supercluster 
towards the adjacent Hyades-Centaurus 
supercluster. The best-fit value of the Hub- 
ble contant from this analysis is about 90 
km/s/Mpc, which presents its own pro- 
blems. But that’s another story. O 
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Mutants without mutations 





| been reported by D.A. Melton (Proc. natn. 


THE Drosophila embryo shown on the left | Acad. Sci. 82, 144; 1985). 


is an example of a Artippel mutant, the 
result of a mutation in the Ariippel gene. 
This embryo is short relative to the normal 
embryo shown in the middle, because it 
lacks all thoracic and several abdominal 
segments, so that the head is directly con- 
nected to one of the more posterior ab- 
dominal segments. The embryo on the 
right, which resembles the Kridppe/ mutant, 
in fact has normal Kriippel genes, but is the 
dramatic result of the injection of the em- 
bryo, at a very early stage in its develop- 
ment, with a large dose of what is known 
as Kriippel ‘antisense’ RNA, as described 
on page 703 of this issue. 

Krtippel ‘antisense’ RNA, which is syn- 
thesized ia vitro from the ‘wrong’ strand 
of Krtippel cDNA, is complementary in se- 
quence to Kriippe/ ‘sense’ (natural) RNA 
and so is able to pair with it to form double- 
stranded RNA. Although the precise fate 
of Krüppei antisense RNA in injected em- 
bryos is unknown, it is thought to pair with 
Kriippel sense RNA and so prevent it from 
being translated into the normal Kriippel 
gene product. Direct evidence that antisense 
RNA (for beta globin) works in this way 
in micromjected frog oocytes has recently 





The ability to ‘phenocopy’ mutants in 
this way is of more than academic interest, 
An example of the kind of problem to 
which the technique might be applied 
comes from some recent work on the en- 
grailed locus of Drosophila, which was dis- 
cussed by Peter Lawrence in these pages 
three weeks ago (24 January, p.268). En- 
grailed has some characteristics of a 
homoeotic gene, and, like the better known 
homoeotic genes of the bithorax and 
Antennapedia complexes, it contains a 
homoeo-box sequence. Close by the 
engrailed gene there is a second homoeo- 
box sequence, which identifies the 
engrailed-related gene. What does this gene 
do? Nobody knows, for as yet no muta- 
tions mapping in this region of the Droso- 
phila genome have been identified. The use 
of antisense RNA offers a direct way to 
test what effect the loss of engrailed-related < 
gene function has on development. Anti- 
sense RNA should also be useful in dissec- 
ting the activities of genes involved in the 
regulation of development by preventing 
their expression at specific times and in 
discrete regions of the embryo. E 

Geoffrey North 





Sik — Francis Crick considers in News 
and Views under the title ‘Memory and 
molecular turnover” ! the problem, often 
overlooked, that although memory 
operates over periods of years or decades, 
most macromolecules (with the exception 
of DNA) turn over with half lives of hours 
or weeks. Crick sees the dilemma since 
memory is prolonged and a consequence of 
inter-synaptic interaction which is 
dependent on fixed intrasynaptic macro- 
molecules, such as membrane glyco- 
proteins, either singly or more probably in 
larger aggregates of some form. To sustain 
memory two alternative strategies are 
proposed, either the memory macro- 
molecule is immune from turnover (a less 
likely possibility for Crick) or the memory 
macromolecules in a synapse can be 
replaced one at a time without altering the 
overall state of the memory macro- 
molecular complex. 

My response to Crick’s interesting 
challenge lies in the observation that peri- 
nuclear (often sided) membrane disposition 
is required before protein catabolism in 
normal cells takes place ? and some special 
association of proteins with cytoskeletal 
elements may precede routing to the 
cellular destructive machinery 34, 

Nerve cells are exquisitely polarized with 
the cell body (nucleus, polysomes and 
Golgi) quite spatially distinct from synapse 
forming processes such as axons or 
dendrites. Therefore, memory proteins dis- 
patched from around the nucleus into pro- 
cesses by axoplasmic flow would need to 
retrace their steps for destruction as 
described in the protein turnover cycle $. It 
is not at all fanciful to suppose that the 
intricate arborizations of nerve cell pro- 
cesses in the temporal cortex (and every- 
where else) have evolved, at least in part, 
in order to separate and ‘immunize’ infor- 
mational macromolecules spatially from 
the apparatus of molecular turnover. 
Simply detaching such macromolecules 
from the neuroskeletal system would 
suffice (compare refs 2-4), thereby pre- 
venting (or slowing) the return of the 
macromolecules to the perinuclear destruc- 
tive machinery. Alternatively, selective 
reversible detachment-attachment to the 
neuroskeleton would identify populations 
of proteins (or individual proteins) which 
are to be routed for destruction and 
replacement. 

Both of the above alternatives could be 
mediated by protein modifications such as 
those described by Crick. Likewise both 
possibilities could operate together in a 
single neurone. Either way, neuronal evo- 
lution could have capitalized on the spatial 
„Separation of proteins (in membranes) in 

the synapses of cellular processes away 
from the perinuclear destruction apparatus 
in cell bodies so that information storage 
is achieved by permanent or temporary 
macromolecular stabilization. 

It is perhaps salutory in an ageing human 


Molecular turnover and memory 








population that facultative loss, as occurs 
in Alzheimer’s disease, and motor disorder, 
as seen in Parkinson’s disease, might be 
triggered by the disruption of the status of 
cell body-synaptic trafficking in cortical 
neurones and nigro-striated pathways re- 
spectively, leading to intraneuronal degra- 
dative (degenerative) processes. 

R.J. MAYER 
Department of Biochemistry, 
The Medical School, 
Queen’s Medical Centre, 
Clifton Boulevard, 
Nottingham NG7 2UH, UK 
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Human B-cell cytotoxic 
lymphokine priority 


Sır — The recent article on the cloning 
and expression of human lymphotoxin by 
scientists from Genentech Inc.! described 
work that first came to my attention when 
a report appeared in The Guardian of 6 
June 1984 concerning an announcement by 
the company that they had developed a new 
cancer drug which did not have side effects. 
The initial scientific papers from 
Genentech’ stated that the lymphotoxin in 
question had a relative molecular mass 
(M,) of approximately 20,000. I therefore 
thought that it must be a new cytotoxic 
lymphokine. Some seven years earlier?-*, I 
had published a description of a humoral 
cytotoxic factor produced by a human lym- 
phoblastoid cell line of B-cell lineage deriv- 
ed from a local patient with leukaemia. 

Those papers of mine, which character- 
ized the properties of the factor and how 
it was distinguished from other forms of 
cell killing, were probably the first well 
documented studies showing that some 
human B-lymphoblasts growing in vitro 
produced a cytotoxic lymphokine. In these 
early papers we also reported that the 
humoral factor preferentially kills malig- 
nant cells and that it had reduced by ap- 
proximately 50 per cent the incidence of 
malignancy (fibrosarcoma) in mice?*, Our 
studies also showed that the cytotoxic fac- 
tor was a protein with an M, of 
65,000+ 1,0005. 

In the recent paper in Nature by 
Genentech, the authors state that their 
initial published result (1984) on the relative 
molecular mass was incorrect and that the 
actual M, of this human lymphoblastoid 
cell-derived lymphotoxin is 60,000-70,000. 
This value is so closely similar to the 65,000 
M, we had previously reported in 19805, 
that it now seems extremely likely that the 
human B-lymphoblast-produced lympho- 








described in 1977%4. It will be for future 
studies to establish whether the cytotoxic 
factor described from Cambridge in 1977 
and the lymphotoxin described in 1984 ir 
the United States are in fact identical anc 
to explore the efficacy in the treatment ol 
malignant states. 


A. KARPAS 
Department of Haematological Medicine, 
University of Cambridge 
Clinical School, 
Hills Road, 
Cambridge CB2 2QL, UK 
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HTLV-II, LAV, ARV are 
variants of same AIDS virus 


Sir — Retroviruses have been isolated 
reproducibly from patients with the ac- 
quired immunodeficiency syndrome 
(AIDS), and have been designated human 
T-cell lymphotropic virus (HTLV) type 
HI', lymphadenopathy-associated virus 
(LAV), or rather recently AIDS-related 
virus (ARV) by different groups of in- 
vestigators. Forty-eight independent 
HTLV-II] isolates were originally reported 
from our laboratory', several additional 
ones since*+’, and now we have obtained 
more than 100 independent isolates (S.Z. 
Sakhuddin ef al., in preparation). The re- 
cent publications of the complete 
nucleotide sequence of two HTLV-II 
proviruses®, LAV’, and ARV® allows a 
detailed comparison (see table). Sequences 
of HTLV-II clones BHS and BH8 
(representing the 5‘ and 3’ portions of pro- 
virus(es), respectively), clone LAV la, and 
ARV-2 are compared to HTLV-III clone 
BH10. LAV is closely related to HTLV-II 
clone BH10 and differs in 1.5% of 
nucleotides and 2.2% of amino acids, while 
ARV-2 differs in 6.3% of its base pairs and 
9.2% of its amino acids from that of 
HTLV-II clone BH10. These data show 
that HTLV-II, LAV, and ARV are 
variants of the same virus. The greater se- 
quence divergence of ARV from HTLV-II 
is not likely to be a result of errors in se- 
quence determination. First, sequences ob- 
tained independently in different 
laboratories for the same HTLV-II clones 
were in agreement®. Second, multiple 
clones of ARV isolated from the same cell 
line infected with a virus isolate from a 
single individual differ in sequence from 
one another by only 2 or 3 base pairs 
(bp)®. Third, we have sequenced another 
proviral clone of HTLV-II derived from 
another one (RF) of the original 48 isolates 
reported’, which differs from BH10 to a 
similar degree as does ARV (our unpublish- 
ed observations with B. Starcich, B, Hahn 











AIDS virus sequences 





No. and % (in parentheses) of differences compared with HTLV-II clone BH10 sequence 
LAV ; 


HTLY-IH clones BH5/BH8 





Non-con- Non-con- 
servative servative 
Nucleo- Amino amino Nucleo- Amino amino Nucleo- Aming 
Total Total tide acid acid tide acid acid tide acid 
nucleo- amino differ- differ- differ- differ- differ- differ- difter- difer- 
tides acids ences ences ences* ences ences ences” ences 4 
LTRt 634 = 8} — — 10 — — 30 
(1.6) (1.6) (4.7) 
Leader and 152 -= 4t — — § — — 14 
tRNA PBS? (3.6) (3.3) {9.2 
gag 1,536 512 19 7 3 46} t64 2 865 
(1.2) (1.4) (0.6) (3.0) (EAS) (0.4) (5.6) 
pol 3,045 1,015 29 12 3 594 QE 5 134} 
{0.9) ai (0.3) (1.9) Q.D (0.8) (4.4) 
sor 609 203 6 4 l 2 6 0 31 
(1.0) (2.0) (0.5) (3.3) (0.0) (0.0) (5.1) 
Between sor 584 — 16 _ —_ ii — — 49 
and env-lor (2.7) (1.9) (8.4) 
env-for: 
Signal peptide ti 37 0 Q 0 2 2 0 26$ 
(0.0) (0.0) (0.0) (1.8) (3.4) (0.0) (23.4) 
Extracellular 1,443 481 271 12i 5 324 14€ 6 1644 
portion (1.9) (2.5) (1.0) (2.2) (2.9) (1.2) (114) 
Transmembrane 1,035 345 9 6 2 9 5 2 66 
portion (0.9) (1.7) (0.6) (0,9) (1.4) (0.6) (6.3) 
3° onf** 648 216 12 5 l 13 g 3 5244 
(1.8) (2.3) (0.5) (2.0) (3.7) (1.4) (8.0) 
Total 9,213 2,593 122 40 14 144 58 15 582 
(1.3) (1.5) (1.5) (2.2) (6.3) 





* Considered conservative substitution if same charge or both neutral, and both either hydrophilic or hydrophobic amino-acid insertions and deletions not counted, 


+ Portion of R, U5 and leader sequence deleted from unintegrated HTLV-II] clones BH5, BH8 and BH10, and determined from integrated clone HXB2. 
+ Deletion of one copy of 36-bp (12 amino acid) direct repeat sequence. 
§ Insertion of 9-bp sequence and deletion of 15-bp sequence. 


|| Deletion of 15-bp (5 amino acid} sequence. 
4 Insertion of 15-bp (5 amino acid) sequence. 


# Deletion of 18-bp (6 amino acid) sequence, insertion of 12 bp (4 amino acid) sequence, deletion of 6 bp (2 amino acid) and 15 bp (5 amino acid) sequences. 
** Includes full open reading frame defined by BH8 and LAV sequences; BH10 has a termination codon at amino acid position 134, 


tt Insertion of 12-bp (4 amino acid) sequence. 


iand G. Shaw). 

The DNA sequence data confirm the fin- 
dings from restriction enzyme site analysis 
of the HTLV-II genomes which show a 
spectrum of diversity from closely related 
to more distantly related variants (ref. 9 and 
F.W.-S. et al., unpublished). The closer 
similarity of the LAV DNA sequence to 
that of HTLV-II might be because the in- 
dividuals from whom these isolates were 
derived acquired the virus at a similar time 
and place. In fact, many of our earliest 
HTLV-II isolates were all from specimens 
obtained in late 1982 or early 1983 from the 
east coast of the United States'!° and 
LAV, although isolated from a French man 
with a lymphadenopathy syndrome, had his 
contact in New York in the same period?. 
In contrast, the individual from whom 
ARV was derived was from California, and 
the specimen was apparently obtained in 
19843, The other more divergent virus 
(RF) was obtained from a Haitian patient 
in 1983. 

A comparison of the ARV sequence with 
that of HTLV-III reveals the greatest 
nucleotide sequence conservation in the 
LTR and the gag, pol, and short open 
reading frame (sor) genes. Many of the 
differences between the AIDS virus 
sequences represent in-frame deletions and 
insertions (see notes at bottom of table). 
The non-coding areas are somewhat less 
conserved. The most divergence, however, 
is within the open reading frame, 





designated env-lor, which encodes the 
precursor to the envelope proteins and 
possibly a second protein analogous to lor 
in HTLV-I, HTLV-H, and bovine 
leukaemia virus (BLV). Of note is the high 
level of heterogeneity in the extracellular 
portion of the envelope which differs in 
17.0% of its predicted amino acids (8.5% 
non-conservative amino acid differences) 
from that predicted for HTLV-III clone 
BH10. These data may have significant 
implications for immune system 
interactions with AIDS virus infected cells, 
as well as in the design of reagents for viral 
detection and treatment. 

The sequence of clone H9pv22 also 
derived from HTLV-II-infected H9 cells 
shows 0.5% nucleotide and 0.6% amino- 
acid differences from that of clone BH10 
(ref.11). 

The presence of a trans-acting and tran- 
scriptional enhancer in HTLV-IU-infected 
cells, as was demonstrated in HTLV-I, 
HTLV-II and BLV-infected cells, suggests 
that there is a gene for lor in the HTLV- 
III genome that may mediate this acti- 
vity'?. We have hypothesized that the 3’ 
portion of the open reading frame desig- 
nated env-lor may be responsible for this 
function®, though others have not made a 
similar interpretation’®"", 

The similarities and differences of the 
AIDS virus isolates to other retroviruses, 
including the HTLV-BLV family, are 
discussed in the recent publications®*. The 


important general structurg] features of this 
virus, most notably juxtaposition of 
myrgagtin, p17, and largagtin, p24 (see ref. 
13 for terminology) and the presence of a 
lor coding sequence, suggest that these 
viruses are related to other members of the 
HTLV-BLV family. In adunion, we are 
confident that HTLV-II shares nucleotide 
sequence homology with the maedi-visna < 
lenti-retrovirus'*, although another report 
shows. no homology of LAV to visna’. 
We cannot explain this descrepancy. A 
more comprehensive discussion of factors 
to be considered in taxonomic assignments 
for this virus is forthcoming (W.A. 
Haseltine el al., in preparation). 

L. RATNER 

R.C. GALLO 

F. WONG-STAAL 
Laboratory of Tumor Cell Biology, 
National Cancer Institute, 
Bethesda, Maryland 20205, USA 
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The mitochondria and 
cellular calcium 


Sir — Somlyo’s News and Views article! 
summarized evidence that the regulation of 
intracelluar free calcium level by the sarco- 
plasmic reticulum in muscle may be carried 
out by the endoplasmic reticulum in non- 
muscle cells. I believe the subsidiary role 
accorded to the mitochondria in this 
presentation fails to give due weight to 
recent advances in the study of their Ca- 
transport. Newer work shows two impor- 
tant features. First, in contrast to the earlier 
results with the isolated organelles, both Ca 
affinity and uptake rate are sufficient to 
predict mitochondrial involvement in intact 
cell Ca regulation. Second, such regulation 
can be demonstrated in suspensions of 
mildly disrupted cells leaving the mito- 
chondria in situ with activity observed 
under very near physiological conditions 
(see refs 2,3 for reviews). These comments 
do not detract from the role for the endo- 
plasmic reticulum and sarcoplasmic reti- 
culum in cellular Ca homeostatis summar- 
ized by Somlyo, but allow for interactions 
between organelles particularly in dynamic 
aspects of Ca-regulation. 

One paper specifically cited in Somlyo’s 
article (ref. 4) as negative evidence for a 
mitochondrial involvement in Ca-regu- 
lation merits discussion since much depends 
upon the precise detail. The Ca-content of 
mitochondria in resting and activated 
smooth muscle was determined by electron 
probe microanalysis. It rose from 0.8 + 0.5 
mmol per kg dry wt to 1.8 + 0.6 (n=61; 
+ s.e.m.) which was quite reasonably stated 
to be ‘‘not significant” (in the statistical 
sense; the P value only approaches the 0.1 
level). (Somlyo and his group have made 
exhaustive studies Í of the limitations of 
this technique.) In fact the wrong null 
hypothesis has been applied: since the 
authors wish to show that ‘Mitochondria 
do not accumulate significant Ca concen- 
trations in normal cells” (the article’s title), 
the data should be assessed for similarity 
rather than difference. On this basis the 
conclusion represented by the title would 
have to be rejected, even if the converse 
remains unproven. (Recently published 
revised data® do not materially affect 
these comments.) A change of the order of 
ImM in mitochondrial Ca would not be re- 
solved reliably by this technique but would 
actually be sufficent to account for much 
of the Ca necessary to produce full relax- 
ation of cardiac (and possibly smooth) 
muscle given the relative volumes occupied 
by the mitochondria in these tissues and the 
concentration of binding sites saturated 
during contraction’. Other negative 
evidence, to which Somlyo attaches sig- 
nificance, includes reports that Ca- uptake 
rates and affinities are too dow, particularly 
at physiological [Mg +] ?. This evidence 
has been superceded; even ‘the symposium 
papers?!! immediately preceding 
Somlyo’s..own contribution’ provide 
strong, positive evidence for the physio- 





particular, Becker in JaA [Cat] 
regulation at submicromolar levels by both 
isolated mitochondria and those accessed 
by selective (digitonin) perforation of the 
cell membrane under near physiological 
conditions. 

These phenomena have recently been 
studied with selectively ‘skinned’ cardiac 
muscle either as myocyte suspensions (ion 
fluxes monitored with ion-sensitive elec- 
trodes '?) or in trabeculae (force measure- 
ments |3-!4) under physiological conditions 
of [Mg**], [Na +], pH, temperature and 
extramitochondrial Ca-buffer capacity. 
‘Sarcoplasmic’ [Ca**] reduction in the 
micromolar range by the mitochondria has 
an effective time constant below 200 ms. 
Transfer of Ca from the mitochondria to 
the sarcoplasmic reticulum, as a result of 
their different Ca-affinities and [Na +t 
sensitivity, can occur between successive 
calcium releases from the reticulum. Thus 
Ca is only transiently accumulated by the 
mitochondria during relaxation. I believe 
that the evidence reviewed should keep 
minds open to the idea that the ‘‘com- 
plicated mitochondrial Ca transport system 
so passionately pursued by biochemists for 
more than 20 years” (ref.1, p.517) has 
physiological significance, and may be an 
integral part of the system responsible for 
cellular Ca regulation. 

DAVID J. MILLER 
Institute of Physiology, 
Glasgow University, 
Glasgow G12 8QQ, UK 
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No pattern yet for 


snowflakes 


Sır — It surprises me that John Maddox’s 
News and Views article ' makes no refer- 
ence to the role of electric forces in deter- 
mining the structure of snowflakes. Ad- 
mittedly, short-range forces are implied by 
the surface tension effects considered but 
long-range forces are also likely to have an 











material of such high polarizability as wa: 
(dielectric constant 78} the electric fie 
around charged ice crystals gathers wai 
molecules at a far higher rate than wor 
result from the random walks of neuti 
particles. The ice crystals will be charg 
by photoelectric emission, most of t 
ejected electrons being collected by wat 
molecules. The photo-energy will be us 
in transporting the polarized molecules 
electric attraction. 

The initial ice crystals are long hexagor 
prisms and growth will take place on t 
major faces, under suitable conditions, th 
causing the hexagonal symmetry of t 
snowflakes. Electrical mutual repulsic 
between growths on separate faces w 
prevent them from coalescing to mere 
increase the growth of the nucleating prisi 
Possibly these crystals formed in darkne: 
uncharged, by the random walk proces 
There are many factors likely to influen 
the form of growth in addition to the ve 
obvious; temperature and water content | 
the atmosphere. Air pollution of vario: 
kinds, turbulence and electric fields of lar; 
scale such as those which give rise to ligh 
ning may all have such effects. There 
some evidence that long ice crystals may | 
aligned vertically by an electric field, und 
calm conditions 2. 

It is unclear to me why there should t 
any need to invoke lattice vibrations to “tt 
one growing face what the shape of tl 
opposite growing face is like” '. It do 
not have ‘the need to know’. In a statisti 
ally uniform environment of man 
particles, statistics and electric fields wi 
shape all six growths uniformly. 

W.S. MORTLE 
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Sır — The missing element for models o 
snowflake growth seems to be som 
property which could coordinate growt 
across a crystal. May I suggest that the ur 
neutralized partial charges at the surface o 
the crystal may provide such a mechanism 
In the case of proteins, unneutralize 
charge at the surface generates electrostati 
fields through the interior of the molecul 
which affect protein structure elsewhere ii 
the molecule. In the case of snowflakes 
possibly comparable electrostatic field 
could provide an attractive force at th 
minor axis, thus leading to greater crysta 
growth at the smaller diameters. Whethe 
such a mechanism could account for crysta 
symmetry would depend on details o 
charge structure at the surface of the crysta 
and the permittivity of the interior. 
ALICE FULTO? 
Department of Biochemistry 
University of Iowa 
Towa City, Iowa 52242, USA 















Parasegments and compartments 
in the Drosophila embryo 
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Ine of the first steps in segmentation of the Drosophila embryo seems to be not the format mn of 
egments, but instead the definition of 14 domains, each of which encroaches into adjacent egment 
Ve call these domains parasegments and discuss their developmental significance. 











‘But when the morphologist compares one animal with another, point 
y point or character by character, these are too often the mere outcome 
artificial dissection and analysis. Rather is the living body one integral 
nd indivisible whole in which we cannot find, when we come to look 
wit, any strict dividing line even between the head and the body, the 
iuscle and the tendon, the sinew and the bone. 
D'Arcy Thompson, On Growth and Form 
(Cambridge University Press, 1942) 


VE now know that this view of an animal is both true and false, 
t least as far as the fruitfly is concerned. There is good evidence 
iat Drosophila is made piecemeal of compartments, yet they 
re so well fused together that their borders leave no signature 
1 the body pattern'?. Drosophila has traditionally been 
escribed as if it is made bit-by-bit, a picture based less on 
mbryology than on morphology, guesswork and even 
nthropomorphism. One aim of Drosophila developmental 
enetics is to transform this picture from a subjective to an 
bjective one, to understand what Brenner has called the ‘inter- 
al representation’ of the fly’ as distinct from (our) external 
escription, These two descriptions can be at variance; one 
xample is the eye, which to us is a sharply defined organ with 
unique function, but in development is only part of the anterior 
ompartment of the antennal segment of the head*’. At no time 
1 development (except at the very end) is there an eye primor- 
ium—a group of identified and committed cells which will give 
ise to the eye and to nothing else. We know this because late 
1 development a cell can generate a clone of descendants which 
All form both head cuticle and photoreceptor eye cells. The 
zord ‘eye’ probably is not written in the fly’s internal description. 

This problem—that we do not know the rules or understand 
he principles by which the fly is constructed—has become more 
vident recently as new results dispute the traditional picture 
if the young embryo as a series of segmental primordia; these 
irimordia have been described by Poulson’ as if they correspond 
ə the segments of the larva and adult. Here, we question this 
nd consider segmentation of the ectoderm and mesoderm from 
. different viewpoint. 


[arly segmentation of the ectoderm 


“he Drosophila ectoderm derives from the lateral part of the 
lastoderm; dorsally only epidermal cells are formed, whereas 
entrally, epidermal cells and neuroblasts are intermingled’. 
iarly in development, close to the blastoderm stage, the main 
nass of the ectoderm is divided up into alternating anterior (A) 
nd posterior (P) polyclones which will generate the A and P 
compartments of the adult (reviewed in ref. 2). One anteriorly- 
ocated A plus one posteriorly-located P polyclone constitutes 
he primordium of a segment”. In the adult the A/ P compartment 
»oundary extends through the segment and divides appendages 
nto two parts. In the larva the A/P boundary cuts right through 
he Keilin’s organs, sensory structures which are the only 
-volutionary remnant of the larval legs and are associated closely 
vith the disks that will construct the adult legs™'®. The precise 


















position of the P/A segment boundary is not so well known. 
but in the abdominal segments it is near the ante 
the denticle bands of the cuticle”. In the fully developed 
segments are defined traditionally by structural crite: 
there is a deep groove in the epidermis: at or near 
segment boundary and longitudinal muscles spannin 
ment attach nearby. 

A chain of alternating stripes can be grouped into pai 
two ways. In the ectoderm, segments are AP pairs of compart- © 
ments and we call the alternative PA pair, where P is. the 
anteriorly located one and A the posteriorly located one, a | 
parasegment (Fig. |). There are five lines of evidence to suggest 
that the parasegment is important in the fly's internal rep- 
resentation. 

First, there is the pattern of expression of the bithorax com- 
plex—an integrated group. of selector genes responsible partly 
for the diversification of compartments (Lewis'? and reviewed 
in ref. 13). The Ultrabithorax ( Ubx*) function, the best under- 
stood element of the bithorax complex, operates mainly in two 
parasegments (5 and 6; see Fig. 1); this has been shown by 
genetic experiments'”'*'* and supported by the observation that 
there is a strong band of Ubx expression in the sixth parasegment 
from the blastoderm stage onwards'®'*, Studies of larvae 
deficient for other elements of the bithorax complex indicate 
that these elements are also deployed in parasegments rather 
than segments'”'’, 

Second, there is the activity of the fushi tarazu (ftz*) gene” 
one of several pair-rule genes described by Nisslein-Volhard 
and Wieschaus’’. In situ hybridizations show that transcription 
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Fig. 1 Expression of Ubx* in the Drosophila embryo with respect 


to the different metameric units (parasegments, compartments and 
segments). Parasegments are one compartment out of register with 
segments. The pattern of ftz* expression” together with the 
neuroblast map’ suggest that the initially segmented region of the 
embryo extends from the posterior compartment of the mandibular 
segment (Md) through the maxillary (Mx), labial (Lb), thoracic 
(T1-T3) and abdominal (Al-A8) segments to the anterior compart- 
ment of A9. The realm of expression of Ubx* is as shown, but 
does not illustrate the differences in degrees of expression within 
it (see refs 16-18). 












Fig. 2 In situ hybridization of ftz* double-stranded DNA to a 

medial section of a wild-type embryo at the late blastoderm stage. 

Methods and result have been described previously'*?*-**. At this 

stage the fiz* RNA can be localized approximately to parasegments 

2, 4,6, 8, 10, 12 and 14; the widths of both labelled and unlabelled 
bands are about 4 cells*”. Scale bar, 50 pm. 


of this gene begins at about the 11th nuclear division; by blas- 
toderm the transcripts have accumulated in seven evenly spaced 
and sharp stripes, with much less transcript in between” (Fig. 2). 
Each stripe is approximately two compartments wide and the 
registration of the stripes” suggests they are closer to paraseg- 
ments than segments. A precise identification of the cells 
expressing ftz* is difficult as the stripes seem to narrow as 
development proceeds (compare Figs 3b, d and 4b in ref. 22 
and our Figs 2 and 5). By the end of germ-band extension, when 
the first signs of segmentation are visible, the stripes are no 
longer detectable. The fiz” phenotype consists of the elimina- 
tion, due to cell death, of seven units which are approximately 
parasegmental****. Other pair-rule mutations seem to eliminate 
similar areas which also span segment boundaries; perhaps the 
regions removed in ftz” are contained in parasegments 2,4... 
whereas those missing in even-skipped and hairy are within 
parasegments 1,3... (refs 21, 25). 

A third line of evidence refers to the ends of the chain of 
alternating A and P compartments which extend between the 
primordia for the fore and hind gut. If the chain contained an 
integral number of segments it would be expected to begin with 
the A compartment of the mandibular segment and end on the 
P compartment of A8 or A9. Alternatively, if the chain consisted 
of parasegments it should begin with a P compartment and end 
with an A. The evidence, which is not completely compelling, 
supports the latter case, as the most anterior compartment in 
the developing central nervous system seems to be a partial 
mandibular segment and the most posterior a truncated A9 
segment (ref. 7 and M. Bate, unpublished observations). Some 
independent evidence that there is an A9 segment and that it is 
incomplete comes from extra sex comb (esc) embryos where 
A9 appears as a patch of denticles similar to that normally found 
only in the anterior compartment of A8 (ref. 26). We therefore 








Fig. 3. Reproduction of Poulson’s drawing of the early stages of 
segmentation®. In his description of the embryo there are I! 
tracheal pits and each one is shown in the middle of each thoracic 
and abdominal ‘segment’; we believe these units are actually para- 
segments (see text). C,-C, correspond to parasegments 1-3, the 
three thoracic segments to 4-6 and his eight abdominal segments 
to parasegments 7-14. Abbreviations: CF, cephalic furrow; TR, 
trachea; TRP, tracheal pit. 


suggest that the most anterior compartment is posterior man 
dibular, whereas the most posterior one is the anterior compart 
ment of A9. The post-oral epidermis would then consist of 1« 
parasegments arranged in sequence. Two of the parasegmenty 
(numbers 3 and 6) actually. span across the traditional sub 
division of the insect into head, thorax and abdomen and, of 
course, in the adult each thoracic leg is formed from parts o! 
two parasegments. 

The next evidence concerns the earliest signs of segmentatior 
in the embryo. The key features are reiterated grooves anc 
tracheal pits. Tracheal pits are found in the thorax and abdomer 
but not in the mouthparts; according to anatomical studies they 
arise well within zones whose boundaries are visible as grooves 
on the surface of the embryo”. These zones were described as 
segments and the grooves as segment boundaries by Poulsor 
(our Fig. 3, from Poulson®). But an elegant study by Keilin’* 
painted a different picture, with the tracheal pits arising noi 
within segments but at the boundary between segments: a picture 
inferred from his observations that the number of spiracles o1 
tracheal pits in different insect groups is always one less thar 
the total number of segments in, the thorax and abdomen 
Keilin’s view finds strong support from in situ hybridization of 
Ubx probes to wild-type embryos’? and we therefore believe 
that Keilin’s picture is correct and that the grooves described 
by Poulson (see Turner’s pictures, Figs 30 and 32 in ref. 29) are 
boundaries between the parasegments and not between the 
segments. These boundaries appear very early, at about 5h, 
shortly before the pits develop. We find it significant that the 
first anatomical subdivisions are not segmental but paraseg- 
mental. There is one other problem that the pits raise; Poulson 
counted 11 of these pits whereas others’”’ suggest that only 10 
form the tracheal trunk. Sections of embryos show that there is 
a deep invagination about one segment behind the 10th pit’; it 
is more dorsally located than the other pits but could well be 
that belonging to the 14th parasegment (Fig. 4a). We believe 
Keilin’s observations” can be reconciled with those of others 
if this last pit contributes to the posterior spiracle (Fig. 4a) and 
this is why it has a somewhat different structure and location. 

We conclude that the earliest morphological ‘segmental’ 
grooves have been described wrongly and are parasegmental. 
If the tracheal pits are at the future position of the true segment 
boundaries, then these boundaries are placed eccentrically in 
the parasegments (Fig. 4b). Turner and Mahowald’s pictures?” 
show clearly that the pits are in the anterior third of the paraseg- 
ment (Fig. 4c), suggesting that in the extended germ band the 
P compartment is smaller than the A compartment. 

Finally, there is evidence from other arthropods that the 
parasegment may be established very early in development and 
therefore in evolution. The germ band of certain crustacea is 










































produced from lines of cells, each line giving rise to a well- 
defined parasegmental region including pieces of appendages 
from neighbouring segments*’. Thus, the parasegment but not 
the segment is represented in the earliest cell lineage of these 
animals. 

Although the case for parasegments as an important unit of 
insect design could not rest exclusively on any one of these 
arguments, we find them persuasive when taken together. 

Is there counter evidence which suggests that segments are 
also important units of design in the early embryo? Selector 
genes in the Antennapedia complex may have their realms of 
action defined by segment boundaries*'. Antennapedia* has 
been reported as expressed preferentially within T2 (ref. 32), 
although the resolution of these studies is not sufficient to 
eliminate the possibility that the borders of expression are para- 
segmental. Clonal analysis of the adult and studies of larval 
phenotypes strongly suggest that the posterior limit of Sex comb 
reduced” requirement is at the P/A segmental border between 
the P compartment of TI and the A compartment of T2 
(refs 33, 34). So there may also be genes which are expressed 
in a true segmental fashion, but the limited information we have 
at the moment points to parasegments and compartments as 
being first in development and foremost in design. 


Segmentation in the mesoderm 


The mesoderm arises as a strip of cells along the ventral midline 
of the blastoderm which invaginates and is soon subdivided 
into two separate parts, the outer somatic mesoderm and the 
inner visceral mesoderm®’. At about the same time (5-6 h of 
development) as the ectoderm develops shallow grooves (which 
we have argued are parasegmental boundaries), the mesoderm 
also becomes organized into cell masses that are demarcated by 
grooves. By the criterion of their position with respect to the 
ectodermal grooves and the tracheal pits, the mesodermal masses 
are in register with the parasegments (our unpublished observa- 





Fig. 4 Relationships between tracheal pits and parasegmental 
grooves in the Drosophila embryo of about 7h development. a, 
Lateral sagittal section through the ectoderm of parasegments 
12-14; note the llth pit (p11) is different in structure and position 
from p10 and p9, being more dorsal and cell divisions continuing 
until germ-band shortening. We believe that the 1 Ith pit contributes 
to the posterior spiracle. The best evidence for this is the effects 
of pair-rule mutations, ftz, which eliminates the segment boundary 
contained in parasegment 14, has very rudimentary spiracles, 
whereas hairy, which eliminates the segment boundary in paraseg- 
ment 13 and leaves that within 14 intact, has normal posterior 
spiracles. In the embryo the pits are at the segmental boundaries, 
reflecting the ancestral condition (see Fig. 25 in Keilin's paper**), 
in the larva and adult they are well within the segments, probably 
because the tracheae have migrated”. Anterior to the left, ventral 
to the bottom. Wild-type embryos were fixed as described pre- 
viously”, embedded in Araldite and sectioned. Scale bar, 50 pm. 
b, Medial sagittal section of another embryo similar to that shown 
in a. Note parasegmental grooves (arrowheads) are out of register 
with tracheal pits. Scale bar, 10 pm. c, Tracing of Turner’s scanning 
electron microscope picture of an embryo ~7 h old (ref. 29). Note 
that the part of the germ band shown (parasegments 14-9) includes 
that shown in a. Parasegmental boundaries appear as grooves 
medially but not laterally (as also pointed out explicitly in ref. 7). 
Note the pits (P) seem to be in the anterior part of the parasegment 
(see text). 


tions and see Fig. 31c in ref. 6). Also, the origin of these mesoder- 
mal masses can be traced by using the expression of the fiz 
gene as a marker. At blastoderm the fiz stripes (Fig. 2) include 
both presumptive ectoderm and mesoderm”. The straightness 
of the fiz stripes at about 4} hours (Fig. 5) indicate that the 
registration of ectoderm and mesoderm is maintained in spite 
of the cell movements at gastrulation. We therefore believe that 
the mesodermal masses are parasegmental in origin. 

There is evidence that between 5h and the attachment of 
muscles to the epidermis at about 14h, all or part of the 
mesoderm shifts about one half-segment caudally with respect 
to the ectoderm so that the mesodermal parasegments are now 
in register with the ectodermal segments. When Ubx* is 
expressed first in parasegment 6 at the blastoderm stage, the 
zone of transcription extends continuously into the presumptive 
mesoderm'*. Later, expression of Ubx* in the ectoderm and 
mesoderm falls out of step so that the strongest peak in the 
ectoderm is in parasegment 6, which consists of the P compart- 
ment of T3 and the A compartment of A1. In the muscles there 
is expression in Al but not in T3 (ref. 16). Although this shift 
could be due to a change in the pattern of transcription, we 
suggest that it is more probably due to relative cell movement. 

Remember that in the ectoderm there is a chain of A and P 
compartments. Is there a similar chain in the mesoderm? Cer- 
tainly, clones of cells marked soon after blastoderm can label 
all the muscles of one segment but do not cross to neighbouring 
segments, so there are metameric lineage restrictions in the 
mesoderm, but there is no indication of any A and P compart- 
ments in the muscles’. Moreover, the engrailed* gene, which 
is active and required exclusively in P compartments of the 
epidermis***’, may well have no role in the mesoderm; cells 
homozygous for strong engrailed-lethal mutations show no 
phenotype in mesodermal derivatives’, These findings sug- 
gest, but do not prove, that the mesoderm is subdivided into 
half as many lineage compartments as the ectoderm and that 
these lineage compartments are parasegmental in origin. 








Segments 


If parasegments and compartments are important in design, 
what role do segments play in the making of the organism? The 
main reason why segments have been defined as morphological 
units in the larva and adult is that the cuticle flexes at the 
segment boundaries and this is where the longitudinal muscles 
attach. Segments also seem to be the units of pattern formation; 
in hemipteran bugs, gradients of positional information appear 
to reiterate every segment®” and there is some interruption of 
cellular communication at the segment boundary***'. During 
development, segments can be defined only relatively late; dur- 
ing germ band shortening (~9 h) the grooves defining paraseg- 
ments deepen considerably and drag in the external remnants 
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Fig. 5 In situ hybridization of fiz* DNA to a medial sagittal 
section of a wild-type embryo at the beginning of germ-band 
elongation (~4 h). Gastrulation has taken place and the mesoderm 
lies ventrally above the ectoderm. The seven stripes have narrowed 
and extend, in register, into the mesoderm. Material prepared as 
in Fig. 2. a, Anterior midgut; c, cephalic furrow; e, ectoderm; m, 
mesoderm; pc, pole cells: pg, posterior midgut; D, dorsal; V, 
ventral. Photograph is a superimposition of two images of the same 
section; one is phase contrast, the other shows the photographic 
grains as black dots and is a negative dark-field image. Scale bar, 
S0 pm. 








of the tracheal pits (our unpublished observations; Figs 32-36 
in ref. 29). Because some 60% of the epidermal surface is drawn 
into the grooves, it is not clear whether they should be described 
as segmental or parasegmental at this stage. Later (~11-14 h) 
the myoblasts fuse and longitudinal muscles attach near to the 
pit remnants, which are near the segment borders. These muscles 
reach to the next segment boundary and therefore clearly define 
segments for the first time. Remember the definition of segments 
is only descriptive; we do not yet know whether the genome of 
the fly specifies segments in the same way as it specifies paraseg- 
ments and compartments. This will probably be elucidated when 
the patterns of expression of all genes in the Antennapedia 
complex*' and of pair-rule and segment-polarity genes“! are 
described. Segmentation in the pre-oral region remains obscure; 
the expression of fiz” (ref. 22) and the neuroblast map’ suggest 
that it does not segment in the early embryo. 


Conclusions 


The picture of segmentation in the ectoderm and mesoderm is 
slowly sharpening. By the objective criteria of cell lineage and 
the expression of genes in the bithorax complex and by the 
more subjective criteria of morphology, it seems that paraseg- 
ments are fundamental units of pattern formation in the young 
embryo; they may be the only metameric unit in the mesoderm. 
Many questions remain unanswered; for example, we do not 
know if the embryo is first divided into larger domains and then 
into parasegments and compartments, nor do we know if, in 
the ectoderm, parasegments are replaced by segments as units 
of design as development proceeds. 
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There exists substantial variation in initial strontium isotopic composition in rocks from three otherwise homogeneous 
tonalite plutons. We interpret disrupted dykes as conduits through which heterogeneous liquids were added periodically to 
the inflating magma chambers. Recharge buffered the physicochemical but not the strontium isotope properties of ‘the 


crystallizing liquids. 





AN understanding of the origin of the great continental margin 
batholiths of the world is fundamental to the development of 
‘theories on the nature and origin of the continental crust. The 
magmas ultimately solidifying to produce the batholiths, 
however, may be highly modified from those of the original 
magmas formed at depth in the crust or upper mantle. These 
changes occur by various processes acting both during melt 
collection and transport, as well as during magma chamber 
inflation and crystallization. Recent theoretical, experimental 
and geological observations suggest that the processes operating 
in a large crustal magma chamber are considerably more com- 
plex than has generally been thought’. 

We have therefore studied in detail three large, well-exposed 
tonalitic plutons (bodies of intermediate composition granular 
igneous rocks) in the San Jacinto Mountains of southern Califor- 
nia (Fig. 1) and have developed a model for the filling and 
crystallization of these relatively SiO,-rich crustal magma cham- 
bers, involving periodic recharge of a fractionating system with 
new isotopically-variable magma pulses. This recharge-frac- 
tional crystallization process buffered the liquids in the magma 

¿chambers thermally and chemically (but not isotopically) 
throughout much of their crystallization histories, yielding large 
volumes of mineralogically and chemically homogeneous, but 
isotopically heterogeneous, tonalite. 


Geological relationships 


Rocks from the Peninsular Ranges batholith (PRB) were studied. 
The PRB developed during a single Cretaceous magmatic cycle 
and shows regular transverse (west-east) asymmetries '°. More 
than two distinct end-member compositions are involved in the 
origin of the bulk of the batholith®® and a further component 
(possibly old continental lithosphere) is required for the San 
Jacinto rocks®"', 

Three large and many small plutons outcrop in the San Jacinto 
Mountains (Fig. 1). Three large tonalite masses were emplaced 
into an heterogeneous assemblage of slightly older igneous, and 
metasedimentary rocks. Each major tonalite spans a limited 
compositional range from mafic tonalite (colour index (CI) > 

-15) to K-feldspar-poor granodiorite (CI~10). Minor felsic 
differentiates extend the compositional range to granodiorite. 
Units I and II are slightly more mafic (that is, more hornblende- 
and biotite-rich) than Unit IH. All units are comprised of plagio- 
clase, of composition anorthite (Ango_49) (50-55 volume %), 
quartz (20-30%), K-feldspar (1-8%), biotite (10-15%), horn- 
blende (0-5%), titanite (0-2%) and accessory zircon, apatite, 
allanite and ilmenite. Variations in mineral abundances are 
geographically systematic only in Unit IHI, which grades from 
marginal mafic tonalite to central K-feldspar-poor granodiorite. 
Alignment of foliations, lineations and inclusions (Fig. 1) and 
apparent flow-sorting and scour features seem to reflect mag- 
matic flow patterns in each chamber (R.I.H., unpublished data). 
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Fig. 1 Simplified geological map (palinspastic base) showing 
structural data and sample localities for the three major tonalite 
units in the San Jacinto Mountains, Inset shows location at the 
northern end of the PRB of southern and Baja California. Unit I 
was emplaced before complete solidification of Unit 1; Unit HI, 
in turn, was emplaced before complete solidification of Unit I. 
Conservative depth extrapolations imply that both Units I and II 
have total volumes > 1,000 km”. Solid symbols are for samples with 
SiO, <65.5 wt% and open symbols for other tonalites and K- 
feldspar-granodiorites (SiO, >65.5 wt%). Unit I, W, 0; Unit H, 
A, A; Unit HI, @, ©. 





The three major tonalites yield zircon U-Th-Pb crystallization 
ages in a narrow interval from 93 to 94 Myr; two studied older 
intrusives are at most 4-5 Myr older, implying that the entire 
igneous assemblage. was emplaced and solidified in at most 
6 Myr (L.T.S. and R.LH., unpublished data). 

Mineral compositions in the three major tonalites are remark- 
ably uniform. The An content of the bulk plagioclase calculated 
from mineral and rock chemical data falls from Ana in the most 
mafic tonalites to An, in the K-feldspar-poor granodiorites; 
Mg/(Mg+ Fe) of biotite and hornblende (determined by elec- 
tron microprobe) drop similarly from 0.44 to 0.36. The 
homogeneity of mineral compositions implies remarkable stabil- 
ity of physicochemical conditions throughout solidification of 
each unit. 

Unit II] is the best preserved and best exposed of the three 
major plutons and is considered here in two parts. In the 
northwestern portion, foliations are generally shallow with ran- 
dom orientations. Small patches of both metasedimentary and 
igneous country rock are present; we suggest that this part of 
the pluton is generally within a few hundred metres of the 
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luton 
roof. Foliations here define a concentric pattern centred near 
Black Mountain (Fig. 1). Foliation intensity and dip both 
decrease (dip from ~70 to ~10°) inwards from the pluton 
margin, giving an overall resemblance to a series of systemati- 
cally stacked funnels which successively shallow upwards. 
Compositions of rocks from Unit IH also change systemati- 
cally inward. Marginal rocks are mafic tonalites, commonly 
heterogeneous at the centimetre-metre scale, with abundant 
schlieren, layering and inclusions. Rocks free of such effects 
may vary considerably in colour index (15< CI < 25). Marginal 
tonalites commonly contain >5% hornblende and 1-3% K- 
feldspar. Mafic mineral abundances decrease (to CI ~ 10) and 
K-feldspar abundances increase (to ~8% ) away from contacts, 
so that rocks from around Black Mountain are K-feldspar-poor 
granodiorites containing only minor hornblende. Inclusion and 
schlieren abundance also decrease away from the pluton mar- 
gins, so that the inner third (by area) of the eastern portion of 
Unit IIL is composed of relatively featureless felsic tonalite and 
K-feldspar-poor granodiorite containing uncommon inclusions 
and inclusion trains and cut by rare mafic dykes. 










Inclusions, inclusion trains and dykes 


> Ellipsoidal dark inclusions with maximum dimensions of ~1 m 

© are common throughout the more mafic tonalites, locally com- 
_ prising over 50% of the rock. They are aligned usually in the 
foliation plane defined by oriented mafic minerals in the host 
tonalite. The most extensive tabular concentration of inclusions, 
orinclusion train, forms the outermost part of the eastern margin 
of Unit HI. This train (or composite of several trains) is <200 m 
wide and is continuous for 27 km. Inclusion trains often can be 
traced for 0.1 to several kilometres before they die out or 
exposure is lost. Such trains are less common with increasing 
‘distance from pluton contacts; they are rare or absent from the 
central part of Unit HI. 

Dark inclusions contain the same minerals (except K-feld- 
spar) as the host tonalites, but some have different proportions: 
hornblende is commonly much more abundant and biotite less 
abundant compared with host tonalites. Mineral compositions 
are approximately similar; Mg/(Mg + Fe) of mafic minerals and 
An content of plagioclase are marginally higher (by a few mole 
%) in inclusions. Inclusions commonly contain relatively large 
(to a few millimetres) euhedral to subhedral plagioclase tablets, 
smaller euhedral to subhedral hornblende prisms and large 
rounded equant quartz grains forming an interlocking 
framework filled in by smaller and less well-formed plagioclase, 
hornblende and quartz crystals, with irregular biotite and anhe- 
dral titanite. The largest plagioclase and hornblende crystals 
appear as distinct phenocrysts in hand specimen. Rare plagio- 
clase tablets contain overgrown cores, suggesting a complex 
history. Plagioclase, hornblende and quartz seem to have been 
the early crystallizing phases. 

Accidental xenoliths of country rock and cognate inclusions 
are also found rarely. Cognate inclusions (early solidifying rocks 
from the pluton margins re-incorporated into the magma) are 
similar texturally to host tonalites, lack phenocrystic plagioclase 
and are recognized most easily when fragments are derived from 
nearby scoured or slumped pluton walls. 

Fine-grained dark dykes, ~ 10cm to 2 m in width and up to 
several kilometres in length, intrude the tonalites and are tex- 
turally and mineralogically similar to the common inclusions. 
Mutual veining of dyke and host is common; pegmatoidal 
patches adjacent to contacts and apparent shear of dyke margins 
into tonalite are found also. The dominant rock type in the 
marginal inclusion train of Unit IHI is dyke-rock in all stages 
of veining by tonalite. Dykes in all stages of intrusion and 
subsequent break-up by injection of tonalite are present; the 
end result of this process is an assortment of randomly oriented 
blocks of dyke material in a tonalitic matrix. Similar relations 
_ have been described from the Sierra Nevada batholith'?"'*, There 
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Fig.2 Harker diagrams for CaO, Na,O and K,O. Symbols as 
Fig. 1 with: +, felsic differentiates; x, mafic inclusions; +, dyke- 
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Fig. 3 K-Rb and K-U diagrams for major tonalites. Symbols as 
for Figs | and 2. Mafic tonalites show linear element-element 
relations in contrast to the more complex behaviour shown by 
more-felsic rocks. These patterns are interpreted as resulting from 
mixing of simply related but heterogeneous new mafic liquids with 
fractionated liquids (represented by the felsic differentiates) in the 
magma chambers. Tonalite compositions are not representative of 
liquid compositions, unlike inclusion and dyke-rock compositions. 
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Fig. 4 Ci plotted against 5'°O for unexchanged rocks. A calcu- 
lated mass-balance trajectory is shown; variations in horn- 
blende/biotite and quartz/ feldspar ratios give a range of +0.15% 
in the 5'0 value calculated for a given CI, but do not alter 
substantially the slope of the line. Symbols as for Figs | and 2. 


is a complete gradation in outcrop from dykes through broken- 
up dykes to inclusion trains. We suggest that many of the 
inclusion trains in these plutons, and, by inference, individual 
inclusions distributed throughout the various intrusive bodies 
studied, are derived principally from disaggregated dykes or 
pillows of mafic liquid injected into a mass of partially liquid 
tonalite in the slowly-solidifying magma chambers. Observations 
in well-exposed areas suggest that dykes with a composition 
similar to that of the host tonalites are more abundant than are 
mafic (quartz-dioritic) dykes. The lack of contrast between dyke 
and host material, however, makes identification (and thus quan- 
tification) possible only in exceptional circumstances. The dykes 
were the conduits through which substantial amounts of material 
were added to the inflating magma chambers. Flow through a 
single fissure 1 m wide and 1 km long at a velocity of 107? ms! 
sould fill Unit IH in 10*-10° yr. Flow would probably be inter- 
mittent as individual fissures open and close. 

A range of features could be developed during the addition 
of each new input, depending on the thermal and chemical 
contrasts between the new and pre-existing liquids in a pluton. 
Many of the planar features common in large SiO,-rich plutons 
(schlieren, compositional contrasts) may owe their origin, at 
least in part, to processes operating during the emplacement of 
new liquids into pre-existing magma chambers. 


Geochemical and isotopic results 


The three tonalite units overlap in both chemical and isotopic 
compositions, except that Unit III is both slightly more felsic 
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Fig. 5 Geographic variation in Sr concentration (p.p.m.), Sr; CI 

(volume % ), and 5'*O (%) for Unit HI. Open symbols for Sr, and 

5'°O represent samples with either petrographical or oxygen 

isotape evidence for substantial exchange with country-rock fluids 

and are not used in the contouring. Open symbols for CI are for 

samples not representative of the bulk of the rock in the vicinity 
and are also not used in contouring. 


and more homogeneous than either Unit I or II (Table 1). The 
ranges for SiO, and K,O listed here are biased by the inclusion 
of volumetrically insignificant ‘felsic granodioritic differentiates’ 
collected to sample extreme variations. The homogeneity of the 
three units is shown on the Harker diagrams (Fig. 2); 60% of 
samples from Unit II have 66.5-68.0 wt% SiO, and 70% of 
samples from Units Land IH have 62.5-65.5 wt% SiO,, consistent 
with field observations that Units I and II are generally a little 
more mafic than Unit III. Rocks in these restricted compositional 
ranges span almost the entire observed range of initial ®’Sr/*°Sr 
(Sr,). Major elements (except K) and Sr, Zr, Sc, Ga, V, Cr and 
Zn give tight linear arrays on Harker diagrams (Fig. 2). Inclusion 
and dyke samples fall on the low SiO, extrapolation of these 
trends (except for Sr, Zr and Cr). Elements relatively high in 
the felsic differentiates (K, Ba, Rb, U, Th, Pb and rare-earth 
elements) have more complex element-element relations. 
Behaviour of K-U and K-Rb (Fig. 3) are typical; analyses fall 
in a triangular field, with the mafic tonalites (defined arbitrarily 
as those with SiO, < 65.5 wt% ) defining the base of the triangle 
and the felsic differentiates forming the apex. 

Except in the most mafic rocks, which have variable 6'8O 
values, 5'*O shows a narrow range that correlates with rock 
composition (Figs 4 and 5), whereas Sr, does not (Fig. 5). The 
steady increase of 6'8O from +10.0 to +10.4% (Fig. 4) results 
from the smaller proportion of the low '*O minerals hornblende 
and biotite and a larger proportion of relatively high O K- 
feldspar in more felsic central rocks. All but the two most mafic 
rocks from Unit III could have solidified from a homogeneous 
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Table 1 Chemical and isotopic data for rock samples from major tonalite bodies 





No. of 
samples SiO, (wt%) K,O (wt% ) 

Name analysed Mean Range Mean Range Rb(p.p.m.) Sr (p.p.m.) Sr, 8Q* 
Unit I 22 65.5 62.5-70.1 2.2 1.64-3.06 48-99 430-618 0.7060-0.7077  +9.8 to +10.4 
Unit H 10 65.5 62.7-70.5 2.2 1.55-3.89 48-97 407-620 0.7058-0.7074 9.77 
Unit IH 30 66.8 63.5-70.6 23 1.75-3.64 62-106 439-588 0.7058-0.7073  +9.6to +10.6 
Inclusions 5 — 55.4-60.8 — 1.45-1.79 48-79 499-671 0.7068-0.7073 ~= 
Dyke-rock 2 — 58.4, 62.9 — 1.65, 1.97 44, 80 787, 432 0.7084, 0.7072 —, +9.0 
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Chemical analysis by X-ray fluorescence”! ”*; *’Sr/**Sr at time of crystallization (Sr,) calculated using the mean zircon U-Pb age for the intrusives 
L.T.S. and RLH., unpublished data) and is referenced to a value of 0.70800 for E&A SrCO,. Oxygen isotope data are reported in the standard 
3-notation”® relative to a value of 0.0 for SMOW. NBS-28 has 8'50 = +9.60 on this scale. *, 8'°O data available for a more limited population; +, 
ingle sample. 














‘(for oxygen) liquid with a &'*O value of approximately +10.2. 
The two more mafic samples (6'*O = 9.0, 9.6) could not have 
precipitated from this liquid and indicate at least some initial 
oxygen isotope heterogeneity in this pluton. The sample with 
6°0=+9.0% is a dyke-rock texturally similar to unanalysed 
host tonalites. 

In contrast to the '*0/'°O data, the strontium isotope data 
can only be interpreted as preserving (perhaps modified) sig- 
nificant initial liquid heterogeneity. Sr, serves as a tracer of 
original liquid properties unaffected by magma chamber proces- 
ses; the sparse dyke and inclusion data demonstrate the presence 
of liquids during pluton inflation and solidification with a range 
in Sr, from at least 0.7068 to 0.7084 (Table 1). 


Conclusions 


Our data show that each of the major plutons is homogeneous 
in major element composition and mineral chemistry. Unit IH 
shows some concentric zonation for both major and trace ele- 
ments and for 6'8O. Sr,, however, is quite variable in each 
pluton and does not correlate well with any other measured 
parameter. These observations place constraints on the evolution 
of the magma chambers that produced these plutons. 

The Sr; variations are not compatible with solidification of 
these rocks from large, closed-system magma chambers; open- 
system behaviour of some type is inferred. We conclude that 
dykes represent conduits through which new material was added 
periodically to each chamber, providing a mechanism for a more 
dynamic system. The chemical relations result from mixing of 
new, relatively mafic liquids (with an average composition of 
tonalite) with slightly more-evolved liquids already present in 
the magma chambers. The most extreme of these liquids are 
represented by the analyses of the uncommon felsic differenti- 
ates. All analysed samples can be interpreted simply as mixtures 
of such felsic evolved liquids and liquids with a compositional 
range encompassing at least the inclusion and mafic tonalite 
compositions. Unless there has been major loss of material either 
upward or downward from the 3 km of vertical exposure, the 
average composition of added liquid is simply the bulk composi- 
tion of each pluton (Table 1). Relatively SiO,-rich values (in 
comparison with mafic dyke and inclusion values) are consistent 
with field observations that the most abundant dykes have 
tonalitic compositions. 

Once a horizontally extensive magma chamber had developed, 
it intercepted and incorporated all liquids rising from deeper 
source regions that rose as far as its base. This is analogous to 
the eruption of basaltic magmas outside the diameter of an 
extensive molten rhyolite sheet in rhyolitic caldera environments 
but not within the caldera itself, where they are trapped beneath 
the low-density rhyolite magma'*"'’. 

The effects of replenishment will depend on the frequency, 
relative volume and chemical and isotopic properties of each 
liquid increment, which cannot be constrained tightly at present. 
Some deductions can be made from the observed relationships: 
(1) The extent of fractionation between successive increments 
must have been small compared with the volume of the chamber, 
otherwise more extensive variation in rock and mineral 
chemistry would be expected. (2) Small influxes of hotter new 
magma ‘vould be cooled quickly to the ambient temperature of 
the chamber. Crystallization would produce inevitably both 
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crystals and a liquid differing little in major element and prob- 
ably trace element composition from the surrounding melt’*®. 
Both crystals and hybrid liquid could, however, differ in various 
isotopic parameters from those of the surrounding melt. 
Repeated replenishment tends to buffer both the composition 
and the temperature of the liquid in the chamber’. If replenish- 
ment and solidification are approximately in balance, large 
volumes of homogeneous solids necessarily result, the composi- 
tion of which relate directly to the composition of the added 
liquids, as must occur for Units I, II and the outer rocks of Unit 
IH. If rapid inflation of a magma chamber is followed by 
cessation of the replenishment system, closed system fraction- 
ation may develop as has occurred for the inner part of Unit 
HI. The extent of fractionation is dependent on liquid composi- 
tion. (3) The discordances and rapid local variations in Sr; 
necessitate considerable isotopic variability in the added liquids, 
consistent with observations that the dykes and inclusions, infer- 
red to represent samples of these added liquids, show such 
variation. The isotopic composition of a rock at a particular 
location is thus determined by the isotopic composition of the 
particular batch (or batches) of liquid from which it crystallized; 
the isotopic composition of added liquids is itself a function of 
source composition, shown for the PRB to be strongly 
geographically variable*’. (4) The variability of Sr, in the central 
part of Unit IHI, where recharge had apparently either ceased 
or become insignificant, implies that the liquid remaining in the 
magma chamber was not stirred efficiently at the scale of = 1 km. 
This could result from increasing yield strength in the cooling 
liquids inhibiting convection or from the development of local- 
ized convection patterns. 

Our interpretation of the bulk of the San Jacinto mafic 
inclusions as samples of quenched magmas injected into the 
inflating plutons has more widespread applicability to the prob- 
lem of the origin of the mafic inclusions common in granitoid 
rocks. Evidence has been cited supporting an origin-for the 
common granitoid inclusions (enclaves) by magma mixing 
(reviewed in ref. 19); the inclusions may form by mingling and 
quenching of globules of more mafic magma in the host granitoid 
magma. We do not recognize a restite-derived inclusion popula- 
tion at San Jacinto, compatible with the inferred high tem- 
perature and relatively low viscosity of these magmas (R.I.H., 
unpublished data). This contrasts with the abundant restite of 
the lower temperature, more viscous plutons of southeastern 
Australia’. Inclusions in granitoids will have a wide variety of 
origins dependent on the details of magma production and 
transport, as well as on the mechanisms of pluton emplacement 
and solidification. 

We conclude that the crystallization behaviour of the San 
Jacinto magma chambers was controlled by a recharge-fractional 
crystallization process. Operation of such a process buffers the 
chemical and thermal properties of solidifying magmas and may 
yield vast volumes of geochemically and mineralogically homo- 
geneous but isotopically heterogeneous rock. 
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Rearrangements of T-cell receptor B-chain genes are usually found on both chromosomal homologues, occurring by both 
deletional and non-deletional mechanisms. Two constant-region (Cp) genes have been identified previously and at least 
one is transcribed in every helper or cytotoxic T cell tested, but the choice of Cg gene expression is not correlated with the 
specialized functions of these T lymphocytes. By contrast, four of five suppressor T-cell hybridomas examined have deleted 
all known joining (Jg) gene segments and Cp genes and therefore may have antigen receptors encoded by different T-cell 


receptor gene families. 





THERE are at least three separate functional classes of T lym- 
phocytes: helper T cells stimulate immune responses, suppressor 
T cells diminish these responses and cytotoxic T lymphocytes 
kill cells expressing antigenic molecules. T cells bind and 
respond to antigen only in the presence of specific gene products 
encoded by the major histocompatibility complex (MHC)!”. 
The functional class of a given T cell is correlated with the 
recognition of particular MHC-encoded molecules. Most helper 
T cells recognize antigen in conjunction with the class H prod- 
ucts of the MHC? and most cytotoxic T cells recognize antigen 
plus the class I MHC gene product*. There is still a question 
as to whether all suppressor T cells are MHC-restricted and 
which particular MHC gene product(s) they recognize®. 

The T-cell antigen receptor is a heterodimer consisting of two 
disulphide-bridged polypeptide chains, œ and B°*. Several 
cDNA clones encoded by both the human and mouse B-chain 
gene families have been isolated”"'’ and contain regions similar 
to immunoglobulin variable ( V) and joining (J) gene segments 
and constant-region (C) genes”''''?. The genes encoding the 
B-polypeptide are located on chromosome 6 of the mouse'*'4 
and analysis of the germ-line B-chain gene organization provides 
further evidence for similarity with immunoglobulin gene 
families'*~*'. The germ-line DNA contains separate Va, diversity 
(Dg) and Js gene segments that rearrange in T !ymphocytes to 
form complete V; genes. These rearrangements apparently are 
mediated by recognition signals similar to those of 
immunoglobulin gene segments located just 3’ of Vs gene seg- 
ments, 5' of Jz gene segments and on both sides of the Dg gene 
segments. 

Unique features of the B-chain gene family include the Cz 
gene arrangement; the closely linked Cl and Cg2 are each 
preceded by a cluster of six functional Jz gene segments'*'”'* 
and at least one functional Dg gene segment (Fig. 1)'??!. Thus, 
Va gene segments may rearrange directly to either Cp gene. 
Here, we characterize B-chain DNA rearrangements and tran- 
scripts in several T lymphocytes and lymphoid tissues and have 
begun to elucidate the mechanisms of rearrangement in the 
B-chain gene family. We demonstrated that some suppressor 
cells do not use the B-chain genes and therefore may have 
antigen receptors encoded by a different gene family and we 
have tested the possible functional significance of Cg! and C,2 
gene expression. 





t Present address: Centre d'Immunologie de Marseille-Luminy, 
Marseille Cedex 9, France. 
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Fig. 1 Germ-line T-cell antigen receptor -chain genes showing 


~29kb DNA from the B-chain gene locus. Exons are depicted 
by vertical lines or boxes above the thin horizontal line. The two 
known Dg gene segments, the two clusters of seven Jz gene 
segments and the four exons encoding each of the two Cg genes 
are indicated'*~*', Restriction enzyme cleavage sites are represen- 
ted by vertical lines below the horizontal line. Abbreviations: B, 
BamHI; H, HindIll; P, Pvull; R, EcoRI. The various features 
are drawn approximately to scale. Hybridization probes were 
purified restriction fragments derived either from the germ-line 
cosmid clone 2.3W7 or from subclones made from this germ-line 
ß-chain gene cosmid clone or purified restriction fragments from 
a Cal cDNA clone. They include the following: Probe A detects 
rearrangement of D, 1-1 or its surrounding sequences. It is a 1.8-kb 
Pst! fragment previously subcloned into MI 3mp8. Probe B hybrid- 
izes to Dgl-1, Jg1-1 and Jg1-2 and is a 3.2-kb HindIH/ BamHI 
fragment previously subcloned into pUC8. Probe C hybridizes to 
the Jg1-3, Jgl-4 and Jg1-5 gene segments. It is a Bam/ Poul! 
fragment derived from a 6.2-kb Bam/ HindIII fragment subcloned 
into pUC8. Probe D, which includes the Cyl gene, is a 2.5-kb 
EcoRI fragment derived from the same 6.2-kb Bam/ HindIII sub- 
clone described above. Probe E hybridizes to Dg2-! and is a 2.4-kb 
Hindlil/ EcoRI fragment previously subcloned into M13mp18. 
Probe F is a 2.3-kb EcoRI fragment derived from a 4.5 kb 
Bam/ HindIl fragment subcloned into pUC8 and hybridizing to 
the entire J,2 gene segment cluster. Probe G, which includes the 
Cg2 gene, is a 3-kb HindHI fragment subcloned into pUCS8. Probe 
H hybridizes to the 3’-nontranslated sequences of the C,2 tran- 
script. It is a 2.5-kb SacI fragment purified from a digest of the 
cosmid clone. Lastly, another C,1 probe, the 700-bp PstI fragment 
of the RBLS-17 cDNA clone which contains most of the C region 
and 3’-untranslated sequence of Cgl (ref. 13), is not shown in the 
figure. Because of their close sequence similarity, the Cal cDNA 
probe, probe D or probe G could generally be used to detect both 
the C,1 and Cy? genes. 


Multiple B-chain gene rearrangements 


The organization of the mouse -chain gene family near the 
two Cg genes is shown in Fig. 1. DNA from the cells described 
in Table 1 was digested with several restriction enzymes and. 
Southern blots of the digested DNA then hybridized with several 


















































Table E B-chain gene segment rearrangements in T lymphocytes 





Cell Source Specificity Interpretation Comments 
Helper T ceils 
Fitch Mis? ir/id 2r Cal deleted, possible D,1-1-J,2 joining 
LP.83.A Delovitch 1-A* 2r/ig 2r/Ig Dgi-1-Jg1-1 and two Dg2-i-J,2 partial 
rearrangements 
HT-1 Watson Sheep red blood ir/1? Ir/ig 
cells/I-A° 
3H-25 Sercarz Lysozyme/ 1-A” Ir/id 2r D,2-Jg2 partial rearrangement 
1.2 Sercarz Lysozyme/ I-A” Ir/id ig/id One chromosome may have been lost 
1.3 Sercarz Lysozyme/ I-A” 2r lr/1? One or two D,2-J,2 partial rearrangements 
1.4 Sercarz Lysozyme/1-A® 2r 3r Dg2-J,2-partial rearrangement 
L7 Sercarz Lysozyme/ 1-A” Iir/td 2r D,g2-J,2 partial rearrangement 
ATILI M. Pierres GAT/T-A* lr/1? ir/lg 
B8/C3X/B™ Shevach Insulin/I-A? 2d 4r Cg! deleted also 
11.5 Hansburg Cytochrome c/I-E* 2r 2r 
15.4 Hansburg Cytochrome ¢/1-E* 2r 2r 
1.9.2 Hansburg Cytochrome ¢/1-E* Ir/id 2r 
Cytotoxic T cells 
4B3 R. Miller H-2° 2d ND Cgl deleted, C,2 germ line 
4A2 R. Miller H-2° 2? ND Deleted up to J, 1-2, Col germ line 
CTLL-2 Dennert None 2r Ir/lg 
L-137 Delovitch 1-A* 2r 2r Dg2-Jg2 partial rearrangement 
L-36 Delovitch I-A* lr/1? ir/1? 
L-73 Delovitch 1-A* 11/1? n.d. 
14-13 Braciale Influenza/K* 2d Ir/id One chromosome may have been lost 
14-7 Braciale Influenza/K° 2? 2r Germ line from Jg1-3 to Jg1-7 
14-1 Braciale Influenza/K°® 3r Ir/lg 
11-1 Braciale Influenza/K4 lr/ld 2r 
Tumour : 
$49 Cohn Mineral oil Ir/td 2r Dgl-1-Jg1 and Dg2-1-J,2 partial rearrangement 
BAL3 Asofsky Ethyinitrosamine 2r 2r Two Dgl-i-Jẹl-1 and a Dg2-l-Jg2 partial 
; rearrangement 
» WEHI 22 Warner Spontaneous 2d 2r Cal deleted also 
KKT-2 Weissman Spontaneous Ir/Id 2r Dgi-t-Jg1 and Dg2-1-J,2 partial rearrangement 
“$L3 E. Hayes Spontaneous 2r/ig 1r/1? Two copies of chromosome 6 
SLIS E. Hayes Spontaneous ND Ir/ig 
SLI7 E. Hayes Spontaneous ND Ir/id 
BWS147 Hyman Spontaneous 2d 2r Cpl deleted also 
EL4 Boyse Carcinogen Ir/id Ir/ 1g Dgi-1-J,1 partial rearrangement 
RLI7 Kaplan Radiation 2d 2r Cg! deleted also 
VL3 Kaplan Radiation 2d 2r Cal deleted also 
AQR Meruelo Viral 2d 3r Cy! deleted also 
7 A13 Cheseborough Viral Ir/id Ir/1g Dg\-\-Jg1 partial rearrangement 
UNC-1 Haughton ? Ir/td 2r Dg\-\-Jg1 partial rearrangement 
Suppressor T-cell hybridomas 
763B3.7 Kapp/ Pierce GAT, GA Ir/id 2r Dg\-\-Jg2 partial rearrangement 
258C4.4 Kapp/ Pierce GAT, GA 2d 2d All Dg-Jg-Cg deleted 
372B3.5 Kapp/ Pierce GAT, GT 2d 2d All Dg-Jg~Cg deleted 
372.D6.5 Kapp/ Pierce GAT, GT 2d 2d All Dg-Jg-Ca deleted 
258C4.5 Kapp/ Pierce None 2d 2d All Dg-Jg-Cp deleted 

































laboratory of Dr E. Hayes. 


probes, allowing us to determine the number and location of 
the DNA rearrangements, which in many instances could be 
localized to one or two particular Jz gene segments (Figs 2, 3). 
All the murine T helper, killer and lymphomas tested con- 
tained rearranged B-chain genes (Table 1, Figs 2, 3). We hybrid- 
ized Southern blots of DNA isolated from 35 T cells of various 
types. with J,1 gene segment probes. Eight have deleted the Jg 1 
“gene segment clusters from both chromosome 6 homologues, 
-TI have one deleted and one rearranged J,1 gene segment 
cluster, seven have two J, 1 rearrangements and three had three 
restriction fragments which hybridized with J! probes. In six 
cells, one or both Jai gene segment clusters were not fully 
determined, usually because a rearrangement could not be dis- 
inguished from a deletion with the combinations of probes and 


T lymphocytes are grouped by category. The antigen specificity, if any, of the tumours is uncertain and the method of induction is listed instead. 
Cytotoxic cell CTLL-2 and suppressor hybridoma 258C4.5 have lost the ability to respond to antigen. r, Rearranged; d, deleted; g, germ line, ?, 
unknown. In several cases, a rearrangement could not be distinguished from a deletion with the probes used. ND, not done. Five of the helper 
cells are hybridomas where rearrangements derived from the BW5147 T-lymphoma fusion partner were not included. Some of the hybridization 
results important for the interpretations not presented in Figs 2 and 3 will be published elsewhere (ref. 39 and J. Kobori, N. Shastri and L.H., 
` manuscript in preparation). All T cells were provided by the laboratories listed under source, except for helper T-cell hybridomas AT11.} and 
B8/C3X/B~' provided by the laboratory of Dr T. Delovitch and tumours which were provided by the laboratory of Dr I. Weissman, or by the 


restriction enzymes used here. Therefore, of a total of 65 J,1 
gene segment clusters analysed, 36 rearranged, 27 deleted and 
only 2 were in the germ-line configuration. Of 34 T cells tested 
for J,2 gene segment rearrangement, none has deleted both 4,2 
gene segment clusters, although three cells apparently have one 
rearrangement and one deletion, seven have one rearranged and 
one germ-line J,2 gene segment cluster and 17 have two J,2 
rearrangements. As observed for the J, t hybridizations, four T` 
cells have more than two fragments hybridizing with J,2 probes 
whereas three other T cells have one homologue not analysed 
completely. From a total of 70 J,2 gene segment clusters, 58 
are rearranged; only nine are in the germ-line configuration and 
tgaaogtegthree are deleted. Thus, only 3% of the Jg! gene 
segment clusters and 13% of the J,2 gene segment clusters were 
















i 2 B-chain gene rearrang 
ments in T-cell tumours. Conditions 
“used for the Southern blots have been 
«described previously. a, Hybridiz- 
vation of the D,1-1 probe (probe A 
sin Fig. 1) to PstI-digested DNA 
(lanes 1-3) and to EcoRI-digested 
DNA (lanes 4-6) from the A13 and 30~ 
S49 lymphomas and from mouse 
liver. The approximate sizes of the 
hybridizing restriction fragments are 
indicated. b, Hybridization of g- 
chain gene probes to EcoRI-digested 
DNA from five T-cell tumours. The 
probes used were: Jal (probe B), 
lanes 1-6; the Cgl probe from the 
RBL-5 cDNA clone, lanes 7-12: Jg2 
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(probe F), lanes 13-18. The same filter was hybridized sequentially with each of the three probes. The migration distances of some DNA 
restriction fragments of known length (kb) are indicated next to lane 1 in a. The faint hybridization of the Jz1 probe to BW5147 DNA in 


lane 5 was not reproducible. Hybridization of the Cpl probe to C,2 


sequences was visible only following longer exposures, RL17 shows one 


' band when digested with EcoRI and hybridized with a Jg2 probe (lane 18), but two J,2 bands when digested with other restriction enzymes 


(Table 1). 


the germ-line configuration. With the possible exception of 
Me T-helper cell line (LP.83.A), no single chromosome 6 con- 
Mns both the J1 and J,2 gene segments in the germ-line 
#nfiguration. A similar lack of germ-line Jg! and Jg2 gene 
“gments was observed when DNA from heterogeneous popula- 
ns of normal T cells was hybridized with Jg gene segment 
wobes (R.H. and M.K., manuscript in preparation), suggesting 
at the multiple rearrangements detected in T-cell lymphomas 
iad functional cell lines are not an artefact of long-term cell 
aalture or cell transformation. Considering separately the DNA 
mining events in the different categories of T cells, we find that 
€ rearrangement patterns in helper and cytotoxic T lym- 
tocytes are quite similar, whereas the tumours delete the Jol 
pne segment clusters and Cg! genes more frequently than the 
snctional cells. The biological significance of this observation 

unclear. 

In addition to V gene formation, immunoglobulin genes show 
_NA rearrangements associated with the switch in expression 
” heavy-chain class and with the translocation of proto- 
‘acogenes. The heavy-chain class switch of immunoglobulin 
nes deletes the C, gene and joins the intron 5’ to this gene 
ith the intron 5’ to the Cp gene to be expressed”. The analogous 
arrangement in the B-chain gene family would delete the Cal 
ene and join the intron between Jg1 and C31 to the intron 
etween the Jg2 and the C,2 gene. In none of the T cells 
amined is there evidence for such a switch rearrangement, 
«hough this type of event cannot be excluded completely for 
veral cells with complex @-chain gene hybridization patterns. 


Fig. 3 B-chain gene rearrange- 
ments in helper, killer and sup- 
pressor T lymphocytes. The migra- 
tion distances of some M, markers 
are indicated. a, 8-chain gene rear- 
rangements in cloned cytotoxic T- 
lymphocyte lines specific for 
influenza A/JAP/305/57. All DNAs 
were digested with BamHI and 
hybridized with the C,1 probe 
(probe D). The 10.8-kb M, band 
observed in germ-line (liver) DNA 
contains the Cgl gene, whereas the Ca 
6.0-kb band contains the C,2 gene. 

Because there is a BamHI site in the 
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The apparent lack of class switching in the B-chain gene family 
is expected because, unlike the immunoglobulin heavy-chain 
gene family, each Cg gene has its own cluster of Jg gene segments 
to which V, and Dg gene segments can be joined directly. 

Rearrangement of proto-oncogenes to the immunoglobulin 
loci have been characterized in many B-cell tumours’. Trans- 
locations involving chromosome 6, however, are not common 
in mouse T lymphomas” and, using a variety of probes, 
oncogene rearrangements have not yet been detected in the 14 
T lymphomas analysed (R. K. Barth, personal communication). 
Therefore, we conclude that proto-oncogene rearrangements 
near Cg genes occur rarely in mouse T-cell tumours and that 
most of the rearrangements result from the normal process of 
V region gene formation. 


Partial B-chain gene rearrangements 


Expression of the immunoglobulin heavy and light chains shows 
allelic exclusion; that is, in any given B lymphocyte only one 
of the two homologues encoding the light- and heavy-chain gene 
families can encode a functional polypeptide which is part of 
a membrane-bound or secreted immunoglobulin molecule. One 
allele may be silent because it has not rearranged”’. In many 
normal B lymphocytes, however, the silent allele is re- 
arranged”? transcribed, and the resulting RNA may even be 
translated’**°, although this second rearrangement is always 
nonproductive because it does not encode part of a functional 
immunoglobulin”**'. Nonproductive rearrangements occur by 
several mechanisms, such as joining of gene segments out of 
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J,2-Cg2 intron, rearrangement of Cg2 is not detected following BamHI digestion. b, c, B-chain gene rearrangements in cloned helper 
T-lymphocyte lines from mice immunized with the cyanogen bromide fragment L2 of hen egg-white lysozyme. b, DNAs were digested with 
HindIII and hybridized with the Cg1 probe (probe D). The 9.4-kb band in liver DNA contains the germ-line C,1 gene whereas the 3.0-kb 
band contains C,2 gene. Rearrangement of C,2 is not detected following HindIII digestion. c, DNAs were digested with EcoRI and hybridized 
with a J,2 probe which is larger than probe F and hybridizes to the EcoRI fragment corresponding to probe F and to the EcoRI fragment 5' 
to it, encompassing probe E. d, Gene deletions and rearrangements in suppressor T-cell hybridomas. Lanes 1-5, hybridization of the Jg2 probe 
(probe F) to Poull-digested DNA from three suppressor hybridomas, BW5147, and from mouse liver DNA; lanes 6-10, hybridization of the. 
p,(11) probe to EcoRI-digested T-suppressor hybridoma, BW5147 lymphoma and mouse liver DNA. 



















the proper translational reading frame**"** and incomplete or 
D,-J, rearrangement in the absence of Vy gene segment rear- 
rangement****, Allelic exclusion has not been demonstrated for 
the T-cell antigen receptor and some ‘dual-receptor’ models for 
T-cell antigen recognition predict that more than one type of 
receptor from the same gene family is expressed on the surface 
of a T lymphocyte?” 

If allelic exclusion is a mechanism of -chain expression, 
then most observed DNA rearrangements in T lymphocytes 
must be nonproductive, such as the observed partial rearrange- 
ment of Dz to Ja gene segments (Table 1). Because they do not 
include Vg gene segments, these rearrangements are nonproduc- 
tive for antigen receptor biosynthesis, although as described for 
immunoglobulins”, they sometimes are transcribed and possibly 
could give rise to functional Dg-Jg-Ca polypeptides” '. Partial 
rearrangements of the D,1-1 gene segment can be detected by 
hybridizing Southern blots of T-cell DNA with probe A (Fig. 
1) which contains only the D,i-1 gene segment, its flanking 
sequences and no other known coding sequences. This Dg gene 
segment is only 12 nucleotides long and Vg-Dg-J, rearrange- 
ments deleting both its 5’- and 3’-flanking sequence would leave 
too little homologous sequence for effective hybridization. 
Therefore, probe A will detect partial (Vg-D, or Dg-J,) but 
not complete (V,-Dg-J,) rearrangements. In several T cells, 
these D, and Jẹ gene segment probes hybridized to an identi- 
cally-sized fragment slightly smaller than the germ-line fragment 
(Fig. 2a, lanes 4-6 and data not shown), indicating a small 
deletion joining the Dg1-1 to a Jl gene segment. 

To support this conclusion, we digested DNA from the same 
T cells with PstI, which cuts once in the 647- base pair (bp) 
intron between the Dg 1-1 and Jg l gene segments”; using probe 
A, we observed a hybridizing fragment larger than the germ-line 
fragment (Fig. 2a, lanes 1-3). The loss of this PstI site confirms 
the deletion between D,l-1 and J, 1-1; eight similar deletions 
were observed in seven T lymphocytes. Similar evidence for 
joining of Dp2- 1 to Jg2 gene segments has been presented 
previously”? and we describe here at least 10 examples of this 
incomplete rearrangement (Table 1). Finally, a Dgl-1 to Jg2 
rearrangement is consistent with the Southern blot patterns from 
two other T cells (Table 1) and the restriction map of a genomic 
clone isolated from a third cell line’?. All the characterized 
partial rearrangements of Dg gene segments delete the 3’- 
flanking sequence and join a D, toa J, gene segment. Therefore, 
any Dg gene segment seems to be capable of joining to any Jg 
gene segment located 3’ to it and there is no evidence for partial 
V-D rearrangements, a situation similar to immunoglobulin 
heavy chains*’. By further analogy with the immunoglobulin 
heavy-chain genes*’, we predict that the required initial event 
in the assembly of a complete Vp gene will be a Dg-Jg gene 
segment joining. 

Two T lymphocytes, clones 14-13 (an influenza-specific 
cytotoxic cell) and 1.2 (a lysozyme-specific helper T cell), con- 
tain a single J, gene segment rearrangement (Fig. 3, Table 1). 
Helper cell line LP.83.A has four J, rearrangements, three of 
which result from partial D,-J, joining (Table 1). Therefore, 
only one productive B-chain gene rearrangement is required for 
these T lymphocytes to recognize and respond to antigen, which 
suggests that allelic exclusion of B-chain expression operates 
in T cells. However, formal proof of allelic exclusion would 
require the demonstration that all T lymphocytes have only one 
productive B-chain gene rearrangement. 


Mechanism of -chain gene rearrangement 


Immunoglobulin gene-segment joining might occur by looping 
out and excising the DNA between the joined gene segments 
(refs 41, 42 and Fig. 4a). If we apply this model to the B-chain 
genes, any complete rearrangement involving a J,2 gene segment 
as well as any partial rearrangement (except those involving the 
Dg2-1 gene segment) should delete both the Jal gene segment 
cluster and the Cg] gene. Many of the B-chain gene rearrange- 
ments are consistent with this mechanism, including the partial 
Dg-Jg joining described above. In addition, 8 of 35 T cells 
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immunoglobulin gene rearrangement. Rearrangements are shown 
schematically in a gene family with organizational features similar 
to the B-chain gene family. V, D and J gene segments and C 
genes, represented by boxes above the horizontal line, are not 
drawn to scale. The double diagonal line shows that V gene 
segments have not been physically linked to D or J gene segments 
in any of these gene families. For clarity, only rearrangement of 
a hypothetical V2 gene segment to an already-joined D-J2 gene 
segment is illustrated, although the same models apply to D-J 
gene segment rearrangements. a, A stem and loop is formed by 
base-paired DNA joining recognition sequences*'“*. The broken 
vertical lines indicate the boundaries of the reintegrated sequences. 
Although reintegration to the same chromosome is indicated, these 
sequences may reintegrate to any chromosome. b, Unequal sister 
chromatid exchange. The right-hand brackets represent the connec- 
tion of the sister chromatids at the centromere. The sequences 
duplicated on one of the two segregated chromosomes are under- 
lined. The diamond on the horizontal line between Cl and VI 
denotes a recombination breakpoint. c, Inversion. The horizontal 
arrows indicate the transcriptional orientation of the various gene 
segments and C genes. 


analysed do not hybridize with Jal (Fig. 2b, lanes 3, 5-6) an 
Cai (Fig. 2b, lanes 9, 11-12) probes and therefore have presun 
ably deleted these genes from both chromosomes. Each of thes 
T lymphocytes also has several rearrangements in the J,2 gen 
segment cluster (Fig. 2b, lanes 15, 17-18), suggesting that 
V,-Dg-Jg2 or Dg-Jg2 joining event has occurred on bot 
homologues via deletion of the intervening DNA. 

Because B lymphocytes often retain sequences located in th 
germ line between rearranged V, and J, gene segments an 
therefore should have been deleted according to the modi 
described above****, three other mechanisms have been prc 
posed. Rearrangement could occur by either unequal sist: 
chromatid exchange (Fig. 4b) or by an unequal mitotic recomb 
nation between chromosomal homologues“*““°. A mitotic cros 
over in a heterozygous animal would lead to a recombina 















intigen receptor polypeptide with a V gene segment encoded 
y one parent and J and C encoded by the other. There is only 
direct evidence for this type of recombinant immunoglobulin 
aolecule, however, and such molecules are not seen often in 
*, heterozygotes”. Therefore, unequal sister chromatid 
xchange is the most probable of these two mechanisms. A 
jurther model involving an inversion mechanism could also join 
he various gene segments (Fig. 4c)*”°°°'. Because V gene 
iegments have not been linked physically with J gene segments 
a any of the immunoglobulin gene families, it is not known 
*hether all of these gene segments are in the same transcriptional 
‘rientation. Finally, it is possible that an excision does occur 
«uring gene segment rearrangement, but the excised sequences 
hen may reintegrate elsewhere (Fig. 4a)***4. We need not 
“onsider this to be an alternative mechanism, but simply one 
sossible outcome following an excision event. 

Similar to x-chain genes in B cells, we have found that the 
t-chain gene rearrangements in at least 13 of the 37 T cells 
nalysed cannot easily be explained by the looping-out and 
xcision mechanism and are therefore better explained by one 
if the other mechanisms illustrated in Fig. 4. These T cells have 
ither retained sequences located in the germ line between two 
bined gene segments, or have more restriction fragments 
ybridizing with B-chain gene probes than expected in cells 
liploid for chromosome 6. For example, a large fraction of the 
‘cells have one or several rearranged Jz 1 gene segment clusters 
s well as several J,2 gene segment rearrangements. In nine of 
hese cells, the number of Jal gene segment rearrangements 
quals or exceeds the number of J,2 gene segment rearrange- 
nents which are not due to partial (Dg2-1 -J,2) joining. In these 
tine cells, if the Jg2 gene segments had been rearranged by 
leletion, at least one of the observed rearranged Jọ! gene 
egments should not have been present in the genome (see Fig. 
). Clone 1.4, a hen egg lysozyme-specific T-helper cell line, has 
wo rearranged and no germ-line Jg 1 gene segment clusters (Fig. 
b, lane 3), Using a Jg2 probe, clone 1.4 has three rearrangements 
nd no germ-line restriction fragments (Fig. 3c, lane 3). Although 
ine of these J,2 gene segment rearrangements is a small deletion 
irobably resulting from a Dg2-1 joining (data not shown), the 
ther two are not and therefore should have deleted the two 
al gene segment clusters. 

The presence in clone 1.4 of three rearranged restriction 
ragments containing J,2 gene segments and a similar hybridiz- 
tion pattern in five other T lymphocytes, may also indicate that 
ome of these rearrangements were not caused by simple 
xcisions. Three cells have three restriction fragments containing 
al gene segment sequences; four cells, including one of the 
ells showing three J,1 rearrangements, have three or four 
estriction fragments hybridizing with J,2 gene segment probes 
Table 1 and Fig. 26, lanes 4, 15; Fig. 3c, lane 3). If Dg-Jg 
ining occurred by one of the three alternatives to a simple 
xcision (Fig. 4), a single chromosomal homologue containing 
wo restriction fragments which hybridize with a Jz probe and 
onsequently a diploid T lymphocyte with three or four such 
ragments could result. Although these patterns would also occur 
“a T lymphocyte became triploid for chromosome 6 and then 
nderwent a subsequent J, gene segment rearrangement, this 
i unlikely in such a large fraction (6 of 37) of the T cells 
nalysed. In addition, cytogenetic analysis of the SL3 lym- 
homa, which has three restriction fragments detected by a Jg! 
robe, demonstrated that this cell has only two copies of chromo- 
ome 6 (J. Sawyer and J. Hosier, personal communication), 
though a small extra translocated fragment of chromosome 6 
tight be undetected by this analysis. 

Models for B-chain gene rearrangement requiring sister 
hromatid exchange or mitotic-recombination can be distin- 
uished from inversions, as well as reintegration of excised 
quences, because these latter events do not change the number 
f Ja gene segments and C, genes in the genome of a cell; they 
ierely change the genomic context of some of these sequences 
Fig. 4). For example, an inversion in Jz gene segment clusters 
‘ould create an extra fragment hybridizing with Jẹ probes by 














removing some of the J, gene segments from the vicinity of a 
Cg gene. By contrast, unequal sister chromatid exchange involv- 
ing a Jg2 gene segment would result in a chromosome containing 
duplicated Jg] gene segments and Cg! genes (Fig. 46) and 
consequently could result in a cell having more than the diploid 
number of such sequences. To distinguish between the models, 
Southern blots of DNA from two T cells containing three J,1 
restriction fragments were hybridized with a Cg! probe after 
digestion with restriction enzymes which do not cut between 
the Jal gene segments and the C,1 gene. Clone 14-1 (Fig. 3a, 
lane 4) contained three rearranged Cy, gene restriction frag- 
ments, whereas SL3 had only two hybridizing fragments (data 
not shown), demonstrating that in clone 14-1 but not in SL3, 
all three fragments hybridizing with J,1 gene segment probes 
are adjacent to, but not separate from, the Cp 1 gene. Therefore, 
the presence of three copies of the Cg! gene in clone 14-1 is 
consistent with the mechanism of unequal sister chromatid 
exchange, whereas the rearrangements in SL3 may be better 
explained by inversions or by reintegration of excised sequences. 
It seems that several mechanisms, perhaps all those in Fig. 4, 
may operate to rearrange -chain gene segments. 


B-chain gene deletion 


Five suppressor T-cell hybridomas were examined for B-chain 
gene rearrangement. The hybrids were constructed by fusing 
lymphocytes immune to the synthetic terpolymer of L-glutamic 
acid®-L-alanine*’-L-tyrosine'’? (GAT) or closely related anti- 
gens with the AKR strain T-lymphoma BW5147°**. This lym- 
phoma has no J, gene segments in the germ-line configuration 
but has deleted both of its Jg1 gene segment clusters and C1 
genes and has two J,2 gene segment rearrangements (Fig. 2b, 
lanes 5, 11, 17). As itis highly improbable that two independently 
derived T lymphocytes will have identical rearrangements, any 
germ-line or rearranged J, gene segments from the suppressor 
T-cell fusion partner in the hybridomas should be distinguish- 
able from the rearranged fragments derived from BW5147 lym- 
phoma DNA. Using a series of B-chain gene probes, we observed 
that DNA from four of the suppressor T hybridomas, when 
digested separately with several restriction enzymes, have 
hybridization patterns identical to BW5147 (Fig. 3d and data 
not shown). Therefore, the entire set of Dg-Jg~Cg genes shown 
in Fig. | have been deleted from both chromosome 6 homologues 
derived from the suppressor T-cell fusion partner in these 
hybridomas. We have shown recently that the deletion in two 
of these hybridomas that were further tested includes Vg genes 
as well (M.K. and R. Barth, unpublished observations). 

The J, clusters and Cg genes may have been deleted during 
Vs rearrangement to suppressor T-cell Ja segments and Cg 
genes, located downstream of Cg2. Because the murine « locus 
is linked to the B-chain gene locus, we hybridized Southern 
blots of the T-suppressor cell DNA with the « probe, p, (11), a 
cDNA clone (provided by Dr R. Riblet) encoding the « constant 
and part of a V region expressed by the MPC-11 myeloma™. 
On Southern blots, p,(11) detects polymorphic restriction frag- 
ments which distinguish the V, gene segments of the AKR strain 
of the BW5147 hybridoma fusion partner from the V, gene 
segments of most other mouse strains. In four of five suppressor 
hybridomas, the pattern obtained with the x probe was identical 
to BW5147 (Fig. 3d), indicating that the analysed V, as well as 
the B-chain genes of the normal parent had been deleted. 
Although the precise distance between the x- and -chain gene 
loci is unknown, it is unlikely that any V, gene segments are 
located either in the middle of the Vz gene segments or between 
these segments and a putative suppressor-cell Cg gene. We 
therefore conclude that the deletion in these cells extends beyond 
the B-chain gene locus and is not caused by rearrangement of 
a Vg gene segment to a downstream suppressor Cg gene. The 
observed deletions in suppressor hybridomas which include at 
least part of the 8- and «-chain gene loci could be losses of the 
entire chromosome, or they could be analogous to the deletions 
of the «-chain genes in most human B cells which synthesize A 
light chains®>. 











Human T-suppressor cell lines**’ and so 


suppressor hybridomas (Fig. 3d} do have B-chain gene rear- 
rangements, although many of these rearrangements may be 
nonproductive. At least one human T-suppressor cell line, 
however, expresses a heterodimeric protein similar to the T-cell 
antigen receptors found on helper and cytotoxic T lym- 
phocytes**. The deletion of the B-chain gene locus in the sup- 
pressor hybridomas can therefore be explained in two ways. 
First, it is possible that some antigen-specific suppressor T cells 
do not éxpress B-chain genes and therefore part of their receptor 
must be encoded by another, as yet undefined, gene family. 
T-suppressor cells may therefore fall into two or more groups 
on the basis of antigen receptor expression. Second, there may 
be some technical problem occurring repeatedly in different 
hybridomas. For example, T-cell hybridomas often lose chromo- 
somes; the functional activity in the cells tested might therefore 
reside in the small subpopulation that retains the B-chain gene 
locus and was not detected in these experiments, implying that 
the BW5147-derived homologues are retained preferentially in 
these hybrid cells. 


B-chain gene transcription 


The murine C1 and Cg2 genes share a high level of similarity 
in their coding sequences (96% ) )'718 but the presence of two 
closely linked Cg genes in the murine and human genomes (B. 
Toyonaga, personal communication) suggests that they have 
some functional significance. We therefore used probes derived 
from the 3'-nontranslated portions of the Cg! and C,2 genes, 
identical for only 103 of 217 nucleotides'*, which can distinguish 
between the two C, transcripts (Table 2). There are two pre- 
dominant C, transcripts in T lymphocytes and lymphoid tissues: 
a 1.3-kb RNA containing a complete V region 
sequence”’''?'52! and a 1.0-kb RNA derived from a partially 
rearranged (Dg-J,) gene*®*'. All of the 14 functional helper 
and cytotoxic lymphocytes and 8 of 9 T lymphomas contain a 
1,3-kilobase (kb) Cg transcript (Table 2 and our unpublished 
data). Occasionally, we found transcripts in some cells which 
do not fall into either size class (Table 2). The presence of a 
1.3-kb transcript in all these cell lines suggests that they use 
A-chains as part of their antigen receptor. 

The C,2 gene is expressed detectably in many more of these 
cell lines (Table 2) as well as thymus, spleen and lymph node 
(data not shown), than is the Cg | gene. Two C57BL/6 cytotoxic 
T-cell clones specific for H-2D" haplotype MHC-gene products 
had different Cg transcription patterns; clone 4B3 contained 
only a 1.3-kb Cg2 RNA whereas clone 4A2 had both 1.3-kb 
Cgl and 1.0-kb C,2 transcripts (Table 2). Because the 1.0-kb 
Cp transcripts are derived from a partially rearranged (Dg-Jg) 
gene, we assume that in clone 4A3 the 1.3-kb C,1 RNA encodes 
the functional B-chain. Therefore, cytotoxic T lymphocytes 
specific for MHC-encoded alloantigens can use either C, con- 
stant region. Most of the helper T cells tested synthesize a 1.3-kb 
Cg2 RNA, suggesting that both helper and cytotoxic T lym- 
phocytes can use the same Cg gene. The previously published 
nucleotide sequences of a B-chain cDNA clone from a helper 
T-cell hybridoma’? and a B-chain cDNA from a cytotoxic T-cell 
line confirm this suggestion for C,2 (ref. 11), although none of 
the helper T-cell lines analysed in Table 2 synthesized only a 
1.3-kb Ca! RNA. 

A single rearrangement involving the Jsl gene segments in 
T-helper cell clone LP.83.A is the only one that can possibly be 
productive, and a lysozyme-specific T helper uses the C,1 gene 
in its B-chain®’. Therefore, T-helper cells, as well as cytotoxic 
T cells, can synthesize B-chains using the Cpl gene. One T 
lymphoma and three helper T-cell lines synthesize both a Cg] 
and a Cg2 RNA large enough to encode a functional B-chain 
polypeptide. This does not necessarily contradict the allelic 
exclusion hypothesis, because transcription could occur from a 
nonproductive V,~D,-J, rearrangement. 

The KKT-2 lymphoma is exceptional in that it makes very 
little or no 1.3-kb transcript. Of the three B-chain gene rearrange- 
ments in this cell, at least two are partial (D,-J,) rearrangements 








Table 2 Cy transcripts in tumours and T-lymphocyte lines 





Helper T cells 
ATILI 1.3 l 
CB7-4G2 1.3 1 
LP.72 — i 
B8/C3X/6.2 1.0 l, 
LP. oo l 
LP.18.9 1.5 l 


Cytotoxic T cells 

4A2 13 1.0 

4B3 — 1.3 

L-137 —_ L3 
Tumours 

549 © 13 
KKT-2 1.0 1.0 
BW5147 — 1.3 
EL4 _ 1.3 
VL3 — 13 
UNC-1 l 1.3 
L691 1.3, 3.4 
SPRD — 13 
WEHI? -l 13 





RNA was purified and Northern blots carried out as described pre 
viously°'°*. The Cgl-specific probe is an EcoRI/ Pst! fragment fron 
the RBLS-17 cDNA clone containing almost 200 bp of the 3’-nontrans 
lated Cgl sequence. The Cg2-specific probe is probe H described iy 
Fig. 1. A dash indicates that no hybridization was detected, althougl 
in some cases only small amounts of RNA were tested and thus is no 
proof of the absence of a transcript. T cells were provided by the source 
indicated in Table 1. In addition, the helper T-cell lines and hybridoma 
not listed in Table | were provided by Dr T. Delovitch and the ELA 
SPRD and WEHI? tumours by Dr James Allison. CB7-4G2 am 
B8/C3X/6.2 are insulin-specific T-cell hybridomas made by P. Wassme 
and L. Glimcher in the laboratory of Dr E. Shevach. LP7 is an I-E* 
specific helper T cell, LP.11 and LP.18.9 are I-A*-specific helper T cell 
made by Drs L. Phillips and T. Delovitch. 


and each of these two gives rise to a different 1.0-kb RNA (Tabh 
2). If Dg-Jg rearrangements do occur initially in development 
this tumour may therefore be frozen at a relatively early stag 
in T-cell ontogeny. The data in Tables | and 2 indicate tha 
partial rearrangement may be necessary, but not sufficient, t 
generate a Cg RNA synthesized from the promoters 5’ of D 
gene segments. 


T-cell receptor and T-cell function 


Helper, cytotoxic and suppressor T cells are distinguished b 
both the MHC-encoded molecules they recognize and the func 
tions they carry out following activation by the antigen. Th 
antigen receptor may not be involved in distinguishing differen 
T-cell functional classes, thus the antigen receptors from a helpe 
or a cytotoxic T cell could not be distinguished from sequence 
information alone. Alternatively, the receptor may be relate: 
intimately to the T-cell functional class, analogous to the differ 
ent functions associated with the different immunoglobuli 
isotypes. This latter view is supported by evidence of specifi 
helper and suppressor T-cell factors which are antigen-bindin 
proteins secreted by antigen-specific lymphocytes carrying ou 
the immune function of the secreting cell”. No antigen-specifi 
T-cell factor, however, has yet been purified completely ani 
characterized biochemically. 

The data presented here support both views of the relationshi 
between the antigen receptor and T-cell function. For helpe 
and killer T cells and T lymphomas, -chain genes are alway 
rearranged and a 1.3-kb C, transcript is present in all th 
different mouse and human“? T helpers and cytotoxic T cell 
tested, hence 8-chain genes are analogous to « light-chain gene: 
The x-chain genes are expressed in nearly every mouse B cel 
regardless of the maturity or location of that cell, unlike th 
individual heavy-chain genes which are only expressed o 
limited subsets of B lymphocytes. In addition, the data presente: 
here and elsewhere t" demonstrate that the two highly simila 















“Cg genes are functionally equivalent: either one (or both) can 
be expressed by helpers as well as cytotoxic T lymphocytes. 
Expression of a particular Ca gene does not seem to be a critical 
determinant of helper versus cytotoxic function, neither does it 
seem to be important in distinguishing recognition of class I 
versus Class HI MHC-encoded molecules. It remains possible, 
however, that helpers and cytotoxic T lymphocytes use different 
sets of Va gene segments or that the «-chains are different in 
these cell types: 

By contrast, data derived from suppressor T-cell hybridomas 
suggest that expression of particular types of T-cell receptors is 
related to the T-cell functional class. These data are negative, 
however; a number of suppressor T-cell hybridomas delete 
rather than rearrange their B-chain genes and a firm proof of 
this hypothesis will require isolation of the genes encoding this 
putative T-suppressor antigen receptor. 
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Structure of the calcium regulatory muscle 
protein troponin-C at 2.8 A resolution 
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Crystals of turkey skeletal muscle troponin-C reveal a molecule of two domains with an unusual structure. Two Ca™ ions 
are bound to the C-terminal domain. The two cation-binding sites of the regulatory (N-terminal) domain are Ca** free; 
this domain adopts a markedly different conformation from the C-terminal domain. The two domains are connected by a 
long nine-turn a-helix; three of these turns are exposed fully to solvent. 





THE crossbridge model of muscle contraction’ proposes that 
the heads of myosin in the thick filaments cyclically attach and 
detach from the actin-containing thin filaments as ATP is hydro- 
lysed. Hence the two sets of filaments move past one another 
in opposite directions and contractile force is generated. The 
contraction event is initiated by a nerve impulse that causes a 





rapid increase in intracellular Ca**-ion concentration from 
~107 M in resting muscle to ~107° M. In vertebrate skeletal 
and cardiac muscle, regulation of the contraction/relaxation 
cycle is at the level of the thin filaments, via the protein complex 
troponin/tropomyosin’. The binding of Ca** ions to troponin-C 
(Tn-C) triggers a conformational change in the disposition of 















he troponin/tropomyosin which may either remove a steric 
hindrance to the approach of the myosin head to actin?, or 
may allow the release of inorganic phosphate (P,) from the 
actin/myosin head/ADP.P, complex that is blocked in the 
relaxed state®. 

The troponin complex consists of a Ca**-binding subunit 
(Tn-C), a subunit binding tightly to the 400-A long coiled-coil 
tropomyosin molecule, troponin-T(Tn-T), and a subunit inhibit- 
ing the Mg**-activated ATPase of actomyosin, troponin-I (Tn- 
I)’, all of known amino-acid sequence®™!°. Here, we describe 
turkey skeletal muscle Tn-C and attempt to relate its recently 
determined molecular structure to its role in muscle contraction. 

Tn-C has four Ca’*-binding sites'', two with high affinity 
(association constant (K,) ~10’ M7~') that bind Mg** competi- 
tively, and two with lower affinity (K, ~10° M~') specific for 
Ca** and in the N-terminal domain of the molecule. These latter 
sites control the regulatory function of the protein. This is in 
contrast to an evolutionary related Ca**-binding protein, cal- 
modulin, in which the binding affinity of the four sites are closer 
to being equivalent'*'*. Crystals of this important regulatory 
protein have been reported'*"'®. From a comparison of amino- 
acid sequences of the several Tn-C molecules so far studied (the 
amino-acid sequence for turkey Tn-C has not been reported but 
its amino acid composition is similar to that of chicken Tn-C'”) 
with the sequence of carp parvalbumin, the four Ca?*-binding 
regions of the Tn-C molecule have been identified*. Each of 
these regions most probably adopts the supersecondary structure 
of helix-loop-helix so familiar in the family of Ca**-binding 
proteins'®. This motif has been termed the EF-hand after one 
of the Ca®*-binding domains of parvalbumin. Indeed, based on 
the structure of carp parvalbumin, several predictions of the 
tertiary structure of Tn-C have been made'*”*. Here, we evaluate 
these predictions. 





Molecular conformation of Tn-C 


Details of the structure determination are given in Fig. | legend. 
Figure 2a shows the folding of Tn-C and Fig. 2b a stereo 
representation of the a-carbon chain tracing. The molecule is 
dumbell-shaped, 75 A long with ~67% of the amino acids in 
helical conformation. The exact residue number for the start 
and end of a helical segment may change following the full 
least-squares refinement of the structure at 2.2 A resolution. 

Tn-C consists of two domains joined by a nine-turn helix with 
no direct intramolecular interactions between the domains. The 
distance between the centres of mass of the two domains is 
~40 A. Although our crystals are obtained from solutions con- 
taining excess Ca’* ions sufficient to fill all four Ca**-binding 
sites, only the two high-affinity sites of the C-terminal domain 
(HI and IV) are occupied by Ca** in our crystal form. 

The N-terminal domain (N-domain) includes the first 85 
amino-acid residues. The positions of the first two residues are 
not determined as the associated electron density is poorly 
defined. The second domain (C-domain) comprises residues 
Glu 97-Gin 162, of which the position of the last residue is 
undefined. The N-terminal polypeptide chain starts in a helical 
stretch for residues Ala 4-Ala 12, then bends and continues 
through four additional helices that adopt the supersecondary 
disposition helix-loop-helix-linker-helix-loop-helix. The four 
helices A-D span the following residues: A, Glu 16-Phe 29; B, 
Lys 40-Met 48; C, Lys 55-Asp 66; D, Phe 75-Gln 85. Loops I 
and II (Fig.2a@) correspond to the empty low-affinity Ca’*- 
binding sites. The connection between the two domains is made 
via a helical linker (D/E) from helix D of the N-domain to 
helix E of the C-domain, thus forming the long continuous 
nine-turn helix spanning residues Phe 75-Asp 106. This is a 
slightly bent helix, such that the angle between the D and the 
E helix axes is ~10°. The C-domain contains four helices, E, 
F, G and H: E, Glu 96-Asp 106; F, He 115-Thr 125; G, Glu 131- 
Asp 142; H, Phe 151-Gin 159. Loops IH and IV (Fig. 2a) are 
occupied by Ca”. 

Considering the helix-loop-helix as the building unit from 
which Tn-C is constructed, there is a non-crystallographic 









































































Fig. I Eleven sections of the 2.8-A resolution, figure of merit 
weighted electron-density map of Tn-C (sections from z = —0.045 
to z= 0.106). Crystals of turkey skeletal muscle Tn-C are obtained 
from solutions of 39-42% saturated (NH,).SO,, 3-5% (v/v) poly- 
ethylene glycol 200, 10mM CaCl, and 100 mM sodium acetate 
buffer, pH 5.0 (ref. 36). The crystals are trigonal with space grou 
P3,21 and unit cell dimensions of a = b = 66.55(2), c = 60.90(2) 
and y = 120°. X-ray intensity data to 2.8 A resolution for the native 
protein and |! isomorphous heavy-atom derivatives were collected 
with an Enraf-Nonius CAD4 diffractometer using a data collection 
protocol described previously*’. Heavy-atom binding sites were 
determined from difference Patterson maps and/or difference 
Fourier maps in the usual manner”. The positional parameters, 
isotropic temperature factors and occupancies for the heavy-atom 
derivatives were refined by lack of closure error minimization”? 
using Victor, a computer program originally written by M. G. 
Rossmann and modified by us. The results of the multiple isomor- 
phous replacement (MIR) phase determination for Tn-C are given 
in Table 1. A 2.8-A-resolution electron-density map was computed 
using the centroid phases“’ and measured structure factor ampli- 
tudes modified by the figures of merit. The overall figure of merit 
for the observed 3,877 reflections (95% of the data to 2.8 A resol- 
ution) was 0.90 and the resultant quality of the map is very high. 
The sections shown above contain the density for a nine-turn 
a-helical segment of Tn-C running parallel to the b crystallographic 
axis, Part of the same nine-turn a-helix of a neighbouring molecule, 
symmetry related to the first by a 2-fold rotation axis parallel to 
the cell diagonal at z=0, can be seen running parallel to the a 
axis. Contours on these sections start at 0.3 e A~* and are in steps 
of 0.2eA™?. 


pseudo-2-fold rotation axis in each domain that relates pairs of 
building units: AB to CD and EF to GH. The difference in the 
spatial appearance of the two domains is due not only to the 
presence of the extra N-terminal helix in the N-domain, but 
also to the differences in the inter-helix angles between pairs of 
helices of each Ca**-binding unit. The helices in the N-domain 
tend to be antiparallel, forming a non-ideal up-and-down anti- 
parallel helix bundle*'. This is not the case in the C-domain, 
where the helices are arranged in a manner closely similar to 
the CDEF region of parvalbumin'®, 


Ca’*-binding loops 

There is no electron density for Ca?* ions in the region of the 
two loops, I and H, of the Ca’*-specific domain (Fig. 3a, b), 
thus it is not yet known exactly which residues in these loops 
are the coordinating ligands. Based on sequence homologies 
with other Ca**-binding proteins”, the following residues may 
be ligands: Asp 30, Asp 32, Gly 34 (possibly via the main-chain 
carbonyl oxygen or a water molecule), Asp 36, Ser 38 and Glu 41 
in loop I and Asp 66, Asp 68, Ser 70, Thr 72 (main-chain car- 
bonyl oxygen), Asp 74 and Glu77 in loop Il. The proposed 
ligands in loop I would result in a departure from the model 
Ca’*-binding loop conformation of parvalbumin'*®, In this 
archetype, only the fourth ligand is a main-chain carbonyl 
oxygen atom. In Tn-C, a glycine is in the third position and 











Fig. 2. Tn-C crystal structure fold. The complete polypeptide chain has been traced unambiguously and the amino acid side chains have been 
fitted according to the known sequence of chicken Tn-C'*. All the model interpretation was done directly on an MMS-X interactive computer 
graphics system with the M3 program of Colin Broughton*!'. The resulting molecular geometry has been refined by the least-squares procedure 
of Hendrickson and Konnert®. The present R-factor (=¥ || F; -| Fel] Z| Fol) is 0.22 for the 2.8-A resolution data. The a-carbon coordinates 
have been deposited in the Brookhaven Protein Data Bank”. a, Ribbon representation of the polypeptide chain of turkey skeletal muscle 
Tn-C. The upper helical domain is the calcium regulatory domain; the lower domain is the high-affinity Ca’*/Mg** binding domain. Helices’ 
corresponding to homologous helical regions in parvalbumin'® are labelled A-H sequentially. There is an additional helical segment inthe 
N-terminal region of Tn-C. The segments of polypeptide chain forming the Ca?*-binding loops are labelled I to IV sequentially. Ca?* ions 
are found only in sites IH and IV. b, Stereo representation of Tn-C showing the a-carbon positions in-the molecule. The molecule is shown 
in a similar orientation to that in a and every fifth amino acid position is labelled. The Ca?* ions have been omitted for clarity. 


thus there is no side chain to bind calcium. The coordination 
provided by the fourth position, Asp 36, could be either from 
the side-chain carboxylate or from the main-chain carbonyl 
oxygen. 

The coordinating ligands for the Ca?* ions in loops HI and 
IV (Fig. 3c,d) are as follows: loop IH, Asp 106, Asn 108, 
Asn 110, Phe 112 (main-chain carbonyl oxygen), Asp 114 and 
Glu 117; loop IV, Asp 142, Asn 144, Asp 146, Arg 148 (main- 
chain carbonyl oxygen), Asp 150 (not directly) and Glu 153. 
Figure 3d shows that the side chain of Asp 150 is 6.3 A from 
the Ca** ion. In our interpretation of the structure, this side 
chain could only be coordinated to the Ca?* ion via an 
ee water molecule. The Ca?* ions are separated by 
11.3 A. 


Comparison of the conformations of loops I and II with those 
of loops HI and IV in which Ca** ions are bound shows the 
kinds of conformational changes in loops I and H that, must 
accompany Ca** binding. In particular, these loops must adjust 
in order to bring Glu 41 and Glu 77 as close to their respective 
Ca** ions as seen forthe side chains of Glu 117 and Glu 153. 
These changes could bring about further movements of helices 
to make the N-terminal domain closer in conformation to the 
Ca?*/Mg?* domain. 


Ca?*/Mg?* domain 


The inter-helix angle between the N-helix and C-helix of Ca**- 
binding sites, together with the conformation of the Ca**-ion. 
ligands, provide a measure of the extent to which each of these ~ 





Statistics for multiple isomorphous replacement phasing of troponin-C 





Table 1 
Soaking 

time Resolution 

Heavy atom (h) used (A) 
1 mM Mersalyl acid 18 2.8 
1 mM Hg(SCH,CH,NH;),Cl, 19 2.8 
0.1 Sat. PCMBS* 24 2.8 
0.25 Sat. DCMNPt 36 2.8 
0.1 Sat Mercury chloranilate 2 2.8 
5mM OsCl, 24 4.5 
1 mM K,;UO,F.3 i9 2.8 
I mM Mersalyl acid+ 1 mM K,UO,F, 24 2.8 
5 mM TmCl, 16 2.8 
1 mM LuCh, 20 2.8 
1 mM EuCl, 18 4.5 


No. unique 
reflections No. of 
used Riso (2.8 A)€ sites R een (E fad 
3,846 0.22 2 0.36 0.33 
2,877 0.19 2° 0.47 0.47 
3,877 0.25 1 0.43 0.39 
3,877 0.11 2! 0.62 0.64 
3,877 0.23 8 0.37 0.31 
953 0.26 1 0.36 0.33 
3,849 0.24 3 0.46 0.42 
3,869 0.30 së 0.41 0.39 
3,877 0.21 2i! 0.47 0.50 
3,876 0.18 3|! 0.54 0.50 
971 0.20 3i 0.33 0.31 





* PCMBS, p-chloromercuribenzene sulphonate; t DCMNP, 2,6-dichloromercuri-4-nitrophenol; ł anomalous dispersion data used in phasing. 

§ The mercury derivatives and OsCl, have one or two common sites between Cys 101 of one molecule and Met 28 of a neighbouring one. Such 
pairs of common sites are 4 A apart, coordinating to the methionine side chain from opposite directions. 

|| These three heavy-atom derivatives are lanthanides, known to have higher affinity to Ca?*-binding sites than Ca?* itself. Of these, Tm>* was 
the most isomorphous derivative and Eu** the least. Eu** and Lu’? replaced Ca? in binding sites II] and IV and Tm** replaced Ca?" in site IH 
only. Another site was found outside of loop I. The lanthanides in site III are bound within 1A of the Ca?” position, whereas in IV they are found 
5.5 A away from the Ca?* position. Further refinement of the structure will enable us to analyse the mode of lanthanide binding in more detail. 

ER, Èl Fpyobs| = [F,obs|| = La centric | Fp 0bs| ne |F obs + Fycale|| 
pala El F obs] aa La eentticl Fpyobs| — |F obs] 
(Ey), rams. lack of closure error; (fa) r.m.s. heavy-atom scattering. 
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Fig. 3 Stereoscopic representations 
of the four Ca**-binding loops in 
Tn-C: a-d correspond to Ca. 
binding sites I to IV, respectively. All 
loops have been oriented so they 
present similar aspects to the viewer; 
in particular the glutamate residue in 
the sixth coordinating ligand posi- 
tion is in the bottom right of each 
figure. Superimposed on the 
molecular model is the electron 
density for each loop from the 2.8-A 
resolution MIR map. The contour 
level for a and b is 0.30e Å, that 
for c and d is 0.40e Å. Some of 
the side chains have relatively weak 
electron density in the MIR map: 
Asp 32, Lys 40, Glu 67, Lys 107, Glu 
116, Lys 143, Arg 148 and Asp 152. 











Fig.4 The CDEF domain of carp 
parvalbumin’? (dashed line) super- 
imposed on the EFGH region of Tn- 
C (solid line). a, This stereoscopic 
representation of a-carbon positions 
is drawn looking approximately 
along the non-crystallographic 
pseudo-2-fold rotation axis relating 
the two Ca?*-binding sites HI and 
IV. Residues of the Tn-C molecule 
are labelled with the residue name 
and sequence number based on the 
chicken Tn-C sequence”. The major 
structural departure of the two linker 
regions is due in part to a five-residue 
insertion in parvalbumin over Tn-C. 
b, The same superposition of the C- 
terminal domain of Tn-C with the 
CDEF domain of parvalbumin. 
Residues of the AB segment of par- 
valbumin are also included. This 
view is approximately orthogonal to 
that in a and shows that the AB seg- 
ment would fit into a markedly con- 
cave surface in TnC between the EH 
and FG helices. 


helix-loop-helix motifs in Tn-C resemble the archetypal EF 
hand'®. In parvalbumin, the inter-helix angles for the CD and 
EF binding domains are 103 and 102°, respectively. Similarly, 
both inter-helix angles of the EF and GH helices in the C-domain 
of Tn-C are 107°. This similarity of the two proteins is substanti- 
ated further by the fact 56 of the 66 a-C atoms of the C-domain 
of Tn-C can be superposed on the CDEF domain of parvalbumin 
with a root-mean-square deviation between the paired a-carbon 
coordinates of 1.25 A (Fig. 4a). The residues that fit best span 
helices E and H, the two Ca**-binding loops and parts of helices 
F and G in Tn-C. The departure from the conformation of 
parvalbumin accumulates gradually in the F and G helices and 
is very prominent in the linker region between the two binding 
sites. This is a consequence of two features: the parvalbumin 
linker is five residues longer than the corresponding segment in 
turkey skeletal Tn-C and helix D in parvalbumin is bent, in 
contrast to the corresponding F helix in Tn-C. 

The resemblance of the high-affinity domain of Tn-C to the 
bovine intestinal Ca’*-binding protein” is less striking. In the 
latter protein, the inter-helix angles are different, 121° for the 
helices of both binding sites, and the geometry of the first 
Ca**-binding loop deviates from the archetypal loop markedly, 
due to an insertion of an additional residue between the third 
and fourth ligand and the fact that the first three coordinating 
ligands are main-chain carbonyl oxygen atoms. The fold of the 
linker is also different in these two proteins. In Tn-C it has an 
extended conformation (Fig. 4a), but the intestinal protein has 
a linker with a single helical turn. 


Ca’*-specific regulatory domain 


The N-domain of Tn-C in the present crystal form is Ca** free 
(Fig. 3a, b). Presumably due to the lack of Ca**, the paired 
helices AB and CD have markedly different inter-helix angles 
from those of the C-domain. The angle between helices A and 
B is 145° whereas that between helices C and D is 150°. An 
additional feature of this domain lacking in the C domain is 
the helix at the N-terminus (Fig. 2). Relative shifts of helices, 





which could occur on Ca?* binding, might also involve the 
reorientation of this helix. 

The crystal structure shows that helix D is surrounded com- 
pletely by the other four helices of the N-domain. It is unusual 
for a helix to be buried completely in a hydrophobic core, but 
the hydrophobic character of helix D (the sequence from residue 
75 is Phe-Glu-Glu-Phe-Leu-Val-Met-Met-Val-Arg-Gln) is con- 
sistent with its environment. Ten of these | 1 residues are buried 
mostly or completely with only Arg 84 exposed to solvent. There 
are two salt bridges providing additional stability to the way 
these helices pack, one between Arg 84 of helix D and Glu 64 
of helix C and the other between Glu 76 of helix D and Arg 11 
of the N-terminal helix. The stabilization associated with the 
arrangement of the five helices when Ca** is not bound to the 
regulatory domain may be in part responsible for the reduced 
affinity for Ca? ions of sites I and I. 


N- and C-domain hydrophobic cores 


The structure of Tn-C described here provides data on the 
conformations of Ca**-bound helix-loop-helix motifs and Ca?*- 
free motifs. It has been suggested that certain hydrophobic 
residues which may be buried in the Ca’*-free conformation 
become exposed when Ca’* binds, thus enhancing the binding 
of some neuroleptic drugs (such as trifluoperazine) to Ca?*- 
saturated Tn-C. Binding studies to the C-terminal half of rabbit 
skeletal Tn-C™ indicate that the drug binds to helix E via an 
interaction with Phe 99 and Phe 102 (homologous to residues 
102 and 105 in turkey skeletal Tn-C). In the present crystal 
structure of turkey Tn-C, each domain has a-cluster of four 
phenylalanine residues in its respective hydrophobic core. In 
the N-domain these residues are on helices A and D: Phe 22, 
Phe 26, Phe 75 and Phe 78; those in the C-domain are on helices 
E and H, Phe 102, Phe 105, Phe 151 and Phe 154. Seven of these 
side chains are buried, only Phe 151 is exposed. Thus, in the 
Ca**-bound state, the buried side chains of Phe 102 and Phe 105 
on the E helix cannot interact directly with trifluoperazine unless 
such drugs perturb the structure significantly. 














posed helica 


One of the most unusual features of the Tn-C molecule is the 
long nine-turn a-helix running from the N-domain to the C- 
domain. A segment of this helix, consisting of 11 amino acids, 
is largely solvated such that only seven atoms have inter- 
molecular contacts <4.0A and there are no intramolecular 
tertiary contacts less than this value. This segment has the 
following sequence: Lys 87-Glu-Asp-Ala-Lys-Gly-Lys-Ser-Glu- 
Glu-Glu, the central glycine flanked on either side by a lysine 
residue, a neutral residue and then three charged residues. Most 
of the residues are of relatively high helix-forming propensity 
with the exceptions of Gly 92 and Ser 94. Gly residues are 
associated with regions of flexibility in a polypeptide chain”, 
which suggests that the helix linker might adopt different confor- 
mations in the region of Gly 92 that could give rise to a fold in 
which the Ca**-specific regulatory domain interacts directly with 
the Ca?*/ Mg’* domain. We have explored such conformational 
changes using interactive molecular graphics; they are easy to 
achieve with only two rotatable bonds, @ and y, of Gly 92. 
Other conformations for this helical region are also possible, 
including partial or full unwinding of the linker region due to 
changes in the electrostatic environment associated with Ca?* 


The possibility that this extended conformation for Tn-C is 
the result of intermolecular packing forces has to be considered. 
The crystal packing of Tn-C places the N-domain of a symmetry- 
equivalent molecule (related by the 3, screw axis) up against 
the concave surface between helix pairs EH and FG of the 
C-domain (Fig. 2a, b). In parvalbumin, the equivalent space is 
occupied by the AB helical region of the degenerate Ca**- 
binding site (Fig. 4b). Figure 5 shows how these two symmetry- 
related molecules in Tn-C interact. As the exposed segment of 
the helical linker, Lys 87 to Glu 97, makes so few direct inter- 
molecular contacts, its extended helical conformation may be 
stable independently and not determined by the crystal 
packing. 


Physiological function of Tn-C 


The crystal structure determination of turkey skeletal muscle 
Tn-C presented here raises questions about the relevance of its 
tertiary structure to that in muscle, where it functions as part 
of the troponin complex. The lack of Ca** binding in the 
Ca**-regulatory domain could be related to the relatively low 
pH (5) of the crystals. Either the proton concentration is 
sufficient to compete with Ca** for the low-affinity sites or there 
is additional stabilization provided to the N-domain, trapping 
its conformation in the apo-state. Solution measurements of the 
PH dependence of the CD and fluorescence spectra of Ca?* -free 
Tn-C show changes similar to those of Ca’* titrations””**. These 
have been associated with the neutralization of carboxyl groups 
with abnormally high pKas ~6. Similar observations have been 
made by monitoring the pH dependence of Ca** binding to the 
regulatory domain with “*Ca-NMR”’. Four features of this crys- 
tal structure are pH dependent: (1) close intramolecular interac- 
tions between Glu 57 in helix C and Glu 88 in helix D; (2) close 
interactions between Glu 131 and Glu 135 in helix G; (3, 4) the 
intermolecular interactions between Glu 132 and Asp 136 of 
helix G with Asp 136 and Glu 132 respectively of a neighbouring 
molecule, symmetry related by 2-fold rotation. Such interactions 
have been found in many protein structures” and are attributed 
to the sharing of a proton by the two negatively charged side 
chains. Pairs of this type are associated with one low and one 
abnormally high. pKa ~6. The intermolecular carboxyl/ carboxy- 
late pairs provide an explanation for the extreme sensitivity of 
the crystals to pH. Whatever the role of pH, clearly the confor- 
mation of the Ca’*-free loops is very different from Ca?*- 
occupied loops. The N-domain loop conformations may be more 
like the state in relaxed muscle. The C-domain is always satur- 
ated with Ca** or Mg”* in physiological conditions. Therefore, 
we believe that its structure in the troponin complex will not 
differ significantly from that determined crystallographically. 









































Fig. 5 A view of the whole Tn-C molecule from an aspect 180° 
from that shown in Fig. 2. The molecule in dashed lines is related 
to the one in solid lines by a 3, crystallographic axis and thus 
shows the intermolecular packing interaction between the N- 
domain of the dashed line molecule and the C-domain of the 
molecule drawn in solid lines. Not many of the residues of the 
D/E helical linker interact directly with residues of the symmetry- 
related molecule. More interactions are found in the region of 
helices F, G and H. 


The differences in the Ca?” affinities of the two domains may 
be attributed both to the factors that stabilize the buried helix 
D as discussed before and to the differences between the amino- 
acid sequences and the nature of Ca** ligands in the loops of 
each domain. 

It is not yet clear whether the unusual structure of Tn-C in 
this crystal form, in which there is a complete separation between 
the two domains via the helical linker, is relevant to the structure 
of Tn-C in the troponin complex. There are conflicting results 
from solution studies of Tn-C concerning the presence or 
absence of interaction between the domains*'~**, no such 
evidence exists for the complex. The hypothetical conforma- 
tional change in the helix-linker region on Ca?” binding would 
bring about a change in the relative disposition of the two 
domains, both of which interact with Tn-P*. This implies a 
change in the relative position of Tn-I that would remove its 
inhibitory effect and allow the process of contraction to begin. 
Alternatively, changing the inter-helix angles in the regulatory 
domain might destabilize the interaction of this domain with 
Tn-I, or could contribute to a change in the electrostatic condi- 
tions destabilizing the D/E helix linker, 

Finally, we can now evaluate the success of previous structure 
predictions of Tn-C. The helix-loop-helix supersecondary struc- 
tural fold for the EF and GH regions of Tn-C was predicted 
correctly by Kretsinger and Barry’. The tertiary structural 











#rrangement of the Ca’*-regulatory domain, however, differs 
“rom their prediction. This may be due to the lack of Ca** in 
“ur structure; indeed when Ca** is bound in sites I and II, this 
domain could rearrange to more closely resemble the C-domain. 
The overall shape of this predicted structure is very different 
“rom that in the crystal because of the failure to predict the 
janique nine-turn helical linker and the additional N-terminal 
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The X-ray pulsar PSR0540—693 was discovered in the Large 
Magellanic Cloud (LMC) supernova remnant, 0540 —69.3, by 
Seward, Harnden and Helfand’, as a pulse, with repetition period 
~50 ms, in Einstein Observatory data. Previously, Clark et al. 
had noted that this remnant resembles the Crab Nebula because 
of the X-ray power law spectrum and suggested that the nebular 
emission was synchrotron radiation powered by a central pulsar. 
After the announcement of X-ray pulsed emission, Chanan et al.’ 
measured the broad optical band properties of the nebula and 
found evidence for synchrotron emission. They reported that the 
4.5-arcs continuum emission remnant has only a tenth of the 
luminosity of the Crab Nebula. We have now detected pulsed 
optical emission for the X-ray pulsar, having a time-averaged 
magnitude of ~22.7. 

We recorded broad-band optical time-series data at l-ms 
intervals with the 4-m and 1.5-m Cerro Tololo telescopes and 
have found strong pulsations, using the usual Fourier transform 
methods**. Table 1 gives a summary of the observations, includ- 
ing magnitudes, barycentric frequencies and times of arrival. 
The pulse profile is predominantly sinusoidal with a 10-20% 
dip in the intensity maximum (see Fig. 1). Although this dip 
persists in the three most sensitive time series, the amplitudes 
of the next highest harmonics (60 and 80 Hz) correspond to 
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Fig. 1 The optical pulse profiles of the LMC PSR0540 — 693 from 

runs 1-3 (see Table 1) and the average pulse profile of these runs 

are shown repreated over two whole cycles. The profiles have been 

co-aligned according to the phase of the 20-Hz fundamental 
structure. 


only 12 and 14% of the amplitude at the fundamental 20 Hz 
frequency. The average pulse profile for these runs (Fig. L 
lowest) shows that the duty cycle of the pulse is ~44%, not 
50%. No significant 10-Hz structure (at half the fundamental 
frequency) was found in the time series data, the corresponding 
amplitude having a 90% probability of being <10% of the 20-Hz 
amplitude. 
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Table 1 Log of time series observations of PSR0540— 693 

Run number l 2 3 4 5 
UT August 1984 26.38182241(1) 27.36440074(1) 28.3595* 30.36588796(2) 31.34988462(1) 
Duration (h) 1.39 2.28 2.33 1.78 2.12 
Telescope 4-m 4-m 4-m 1.5-m 1.5-m 
Wavelength (nm) 320-7507 320-750 320-750 350-9002 350-900 
Aperture diam. (arcs) 4.6 4.6 6.6 7.0 7.0 
Pulse freq. (Hz) 19.8881615(64) 19.8881420(26) 19.8881242(33) 19.888101(12) 19.8880695(73) 
Pulse periods (ms) 50.28 1168(16) $0.281218(7) 50.281263(8) 50.28 1322(30) $0.281401(18) 
(B+ V)/2 22.75(0.06)§ 22.65(0.04) 22.75(0.05) 22.33(0.15)]| 22.34(0.10) 
Mean epoch (August 1984) 28.8659 


Mean frequencys 
Mean af/dt 


* No accurate time of arrival could be measured for this run. 


19.8881152(16 Hz = 50.2812856(40) ms 
—2.05(0.11) x 107! Hz 57! = 44.8(2.4) ns day! 


+ This corresponds to the bandpass of the atmosphere and an S20 photocathode extended by prismatic reflection. 


t This is the bandpass of a GaAs photocathode. 
§ These errors apply only to the inter-comparison of runs 1-3. 


{| A colour correction of 0.39{B ~ V) must be applied to the (B+ V)/2 values for runs 4 and 5. 


The symbol © here denotes a barycentric quantity. 


The integrated broadband pulsed light intensity ~( B + V)/2 
(B =blue; V=visual—magnitudes), is approximately equi- 
valent to (22.7 mag) Xsin (27201), corresponding to just under 
2% of the nebular light includéd in the 4.6-arc s circular aperture 
used in runs | and 2. This circular aperture was centred by 
count rate on the bright knot of the synchrotron emission, | or 
2 arcs west of the centre of the Oiri emission ring surrounding 
the nebula’. The centering was achieved by adjusting the offsets 
of a star-tracking autoguider probe that controlled the telescope 
motion during the data recording interval. The lack of erratic 
modulation of the pulse amplitude and the consistency of the 
magnitudes derived in runs 1-3 implies that the pulsing source 
coincides with the bright peak of the continuum emission? to 
within 1.5 arcs. 

The intrinsic optical luminosity of the LMC pulsar 
(~10* erg s™') is about the same as that of the Crab Pulsar (see 
Table 2), taking into account the larger distance to the LMC 
(55 compared with 2 kpc) and the smaller visual extinction (Ay) 
toward the LMC (0.6 compared with 1.6 mag (ref. 6)). (Here 
we have used a 0.13 mag colour excess in the LMC from Savage 
et al.’ and apply an extra 0.07 mag due to the Milky Way 
foreground, as suggested by R. P. Kirshner (personal communi- 
cation), along with his estimated probable error of 0.05 mag.) 
Our rough estimate shows the pulsar to be significantly red when 
compared with the Crab Pulsar (see Table 2), the intrinsic 
colours, (B~ V),>~0.7 and ~—0.03 respectively®*. Standard 
stars were observed in addition to the Crab Pulsar and the 
central LMC remnant to establish the flux calibrations. 

The Crab-like luminosity of the (slower) LMC pulsar (Table 
2) may be due in part to beaming effects (a five times larger 
duty cycle (~50% ) than that of the Crab (~10%)), or possibly 
to a higher efficiency of conversion of mechanical energy into 
pulsed radiant energy. The nominal magnetic field for this pulsar 
would be ~1.3 times the Crab Pulsar’s field (or ~5 x 10°? G); 
all other parameters are the same for both and use standard 
arguments’. The coincidence of the absolute luminosity of this 
pulsar and that of the Crab Pulsar, even though the former is 
33% slower, argues against emission models predicting optical 
luminosity as a high power of rotation (see, for example, refs 
10,11), unless beaming effects can be invoked to account for 
an extra luminosity factor of ~20 in the LMC pulsar. Determina- 
tion of the ‘unpulsed’ flux from the LMC pulsar will be difficult 
at best because of the strong central condensation of the nebular 
synchrotron emission’. 

The optical and X-ray pulsed fluxes of the LMC pulsar do 
not have the same ratio as the corresponding nebular fluxes 
(which interpolate as, and are both internally consistent with, 
v~°®: refs 2,3), but instead interpolate as v~°*. As the optical 
and X-ray pulse profiles of the LMC pulsar are identical within 


statistics (see also ref. 1), the v~°? relationship is particularly 


suggestive. This power law would result from the same electron 
injection spectrum that produces the synchrotron loss-domi- 
nated nebular emission spectrum of v~°*, except that the elec- 
trons producing the optical and X-ray pulses would not have 
had time to become loss-dominated, but instead have an electron 
number distribution of n(E)dE«xE™'*. Such a curve also 
extrapolates to 0.4 mJy at 400 MHz, a factor of ~2 below below 
the present upper limit'* and perhaps measurable with further 
effort. Although the spectrum for the pulsed X radiation, corre- 
sponding to v °° from 0.2 to 4 keV (ref. 13), is almost consistent 
with the interpolated optical-X-ray spectrum, the estimated 
optical spectrum from B to V, corresponding to v~?*“'*) is not. 
The nebular and pulsed fluxes of the Crab also do not each 
follow a single power law; instead the pattern is much more 
complex. Although a »~°” interpolation fits the nebular spectrum 
well from optical to y-ray energies, a slope change occurs in 
the corresponding pulsar spectrum and other slope changes 
occur in both the nebular and pulsar spectra at longer 
wavelengths’. 

Because of timing uncertainties, we could not connect phase 
reliably between the five nights of data. No satisfactory cycle 
number assignment was found that agreed with the mean éP/at 
value (p-period) for 1979-84 (see also ref. 1) of 41.395 ns day™’. 
The mean frequency quoted in Table 1 is consistent with the 
mean of the individual frequencies, but also can be used to 
count the cycles between runs 2 and 4, and | and 5. However, 





Table 2 Pulsed fluxes of PSR0540 — 693 





Measured parameters 


(B+ V)/2 (4-m) 22.70(0.07) 
(B+ V)/2 (1.5-m) 22.34(0.07) + (0.39(0.10))( B ~ V)* 
Magnitude Flux density 
Derived parameters 

(B-~V) 0.89(0.35) — 

B 23.15(0.20) 2.0(0.4) pJy 

Vv 22.26(0.20) 4.5(0.9) pJy 
Correcting for absorption, E(B — V) = 0.20(0.05) 

(B-V)o 0.69(0.35) — 

By 22.35(0.28) 4.2(1.2) ply 

Vo 21.66(0.25) 7.92.0) ply 

La, O.5Le 0.8 La crab 

Ly, 07Ls 16Ly Crab 





* This term is due to the red response of the GaAs photocathode 
relative to the S20 extended and was estimated by measurements of. 
standard stars and the Crab Pulsar. 

















ithe resulting 0 P/d1 is 45.9 (0.3) ns day ' and is inconsistent with 
ithe nominal value of 41.4 ns day” '. If this behaviour is confirmed 
My future observations, then PSR0540—693 would have to be 
= subject to starquakes as large as those found in the Vela Pulsar'*, 
imamely Af/f~ 107°, where f is the pulse repetition frequency. 
In this situation, any hope of measuring the braking index, n, 
in af/atcc —f", would be lost. An index of three corresponds to 
w@magnetic dipole braking; the Crab Pulsar has an index of 2.5 
ref. 15). However, we must defer judgement on this matter until 
‘more-accurately-timed data become available. 

In conclusion, the broad pulse profile and the intrinsically 
red colour render the LMC pulsar distinct from the Crab Pulsar. 
The relatively high pulsed optical luminosity of PSR0540 — 693 
will facilitate measurements of polarization and colours and, 
consequently, the refinement of models of pulsed emission. The 
interpolated v~°* pulsed optical-X-ray spectrum suggests a 
simplifying assumption, regarding the electron number distribu- 
tion, which may be valid for such models and which can be 
tested by slightly more sensitive pulsation limits in radio 
frequency bands. 
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The faint radio’ and emission line? ‘jet’ outward from the northern 
boundary of the Crab nebula (here called the ‘stem’) appears as 
aneat right cylinder (ref. 3 and R. Fesen, personal communication), 
which is lengthening and expanding. Here we model the glowing 
cylinder as the convected margin of a gas cloud that accidentally 
cast its shadow across the nearly ballistic flow of the stellar 











envelope ejected in the supernova explosion. We show that thi 
model is consistent with known data on the stem and that it accounts: 
for the strikingly regular geometrical features in a natural way. 
In contrast, flow instability models’, although in many ways 
appealing, do not easily result in so neat a cylinder. 

Recent measurements have greatly clarified the nature of the 
stem. It is moving away from Earth at a speed comparable with 
that of the Crab nebula itself*’. Proper motion has been 
observed in one of the knots of the stem, implying a tentative 
value of 4,000 km s™' for the motion of the stem outward from 
the nebula (ref. 3 and R. Fesen, personal communication). 
These two observations combine to say that the stem lies within 
10° of the plane of the sky with actual dimensions very close to 
the projected ones, 0.5-pc width and 1.5-pc length (assuming a 
2-kpce distance for the nebula), Line splittings have been found 
which are most readily explained as the expansion of a cylin- 
drical structure at a speed perhaps as high as 360 kms! (refs 
3 and 4). The composition of the stem is not that of the average 
interior nebula filament, the stem being relatively helium-poor’, 
although the optical filaments within the northern nebular edge 
are closer to stem composition than is the nebula as a whole’. 
There appears to be a gap in the complex filamentary structure. ` 
near the base of the stem**; the projection of the stem axis back 
into the nebula definitely misses the explosion centre. 

Many models of the stem, including ours, assume as a basis © 
Chevalier’s model’ of the Crab nebula as the outcome of a 
Type II massive supernova explosion. In particular, this model 
states that the ejected stellar envelope should be found. in a 
‘halo’ outside the filamentary stellar core remnant, moving out-. 
ward with a maximum speed in excess of 5,000 km s™'. A faint 
halo seemed to be confirmed by the observations of Murdin 
and Clark’®. Although doubt has been cast on those results®, it 
is certain that the halo should be both difficult to detect and yet 
the seat of the mass needed to make a Type H supernova model 
work’. More sensitive observations (optical and radio) will be 
very useful in sorting out the various proposed stem models. 

The stem motion seems to rule out the ‘star trail’ model*!': 
the other motions argue against any model involving ejection 
of material directly from the pulsar or the explosion. centre. 
Apart from the present model, this leaves instability models as 
the only probable contenders. In our model, the stem is produced 
by the entrainment of cloud material at its interface with the 
highly supersonic flow of the ejected stellar envelope. The high 
Mach number (M » 10) implies that there will be little flow 
recovergence behind the shadowing cloud. On the other hand, 
the simplest version of this model would produce a cone rather 
than a true cylinder of gas, so the cloud must have been moving 
south-east to produce nested cones of flow. The remarkably 
straight western edge of the stem (not its central axis) points 
directly to the explosion centre, as we would expect for one 
edge of the shadow, whereas the eastern edge is less even, 
consistent with the idea that it represents the leading edge of a 
succession of cones, unlike the single initial formation on the 
opposite side. 

To make the model more quantitative, suppose the cloud was 
initially located about two-thirds of the way from the explosion 
centre to the current edge of the filaments. To contribute any 
significant mass to the nebula, the envelope must have a density 
of ~10cm™? or more at the time it reaches the cloud. This means 
that the cloud density must be 100 cm™ so that it will not be 
swept away too fast. There are many such condensations in the 
galactic plane, but they will be rare at the 200-pc distance of 
the Crab from the plane. The low probability of such a cloud, 
although in one way a difficulty, supports this model, as it makes 
it reasonable that there should be only one stem. The transverse 
motion of the cloud will have to be ~100kms7'; it would be 
slower if the cloud were closer in, but then the cloud would 
have to be more dense. 

Given these parameters, the process we envision has three 
stages. In the first, the cloud is probably completely ionized by 
the radiation from the supernova in the approximately 200- 
300 yr before the cloud is struck by the flowing gas (compare | 











with the ionization of the star trail in the Bland etal", 
model). Over the next 150 yr or so, the cloud is compressed 
(primarily along the direction of the supersonic flow at high 
Mach number), and its surfaces stripped of gas. The edge 
interaction results both from initial irregularities in the cloud, 
and from instabilities (say of Rayleigh-Taylor type) that develop 
along the cloud-ejecta interface. The speed of the compression 
is given roughly by the square root of the density ratio, or 
<2,000 km s~', implying a compression of the entire 0.3-pe cloud 
in 150 yr. This is enough time to produce the visible stem. 

In the final phase of stem development, the stripped fragments 
of the cloud are accelerated to the speed of the ejecta, and the 
cloud as a whole is accelerated and dispersed; any last remnants 
of the cloud are certainly dispersed and/or obscured by the 
advancing filaments. The stem gas™* will be heated in the acceler- 
ation process. Although the details of this process are difficult 
to calculate, the initial relatively high density of the emitting 
condensations may help ensure that the convected gas is not 
too hot to give line emission at present”. In the shadow model, 
the radio stem would be produced by electrons accelerated in 
the shocks and turbulence produced during the cloud-ejecta 
interactions, and subsequently convected with the flow. 

As the flow past the cloud is conical, we expect the optical 
line to show a ‘velocity ellipse’ with components of motion 
along the line-of-sight, as observed’. The outward stem motion 
is about equal to that of the slower ejecta around it; the model 
predicts a decrease from ~2,500kms7! at the distal end to 
<2,000 km s™' at the base”. (The initial estimate of the observed 
proper motion is higher.) The half-apex angle of the cone is 
about 1/12 (one-half the stem width divided by the distance 
from the explosion centre to the far end of the stem). That 
implies a stem expansion speed of ~200kms™'. This value is 
much less than that given by Shull er al’, but it is in quite good 
agreement with the shift measured in the Doppler centre of the 
line profile. The rest of the line width can be readily explained 
by turbulent spreading of the profile. The base of the stem shows 
much-broadened lines, expected from the overlapping cones of 
flow and the mature turbulence in the final stages of the convec- 
tive process. No other theory accounts for the alignment of the 
western stem edge with the explosion centre, or for any, other 
than very rough, quantitative details of the kinematics. (The 
motions are used only as input parameters in most models.) 

Perhaps the most appealing qualitative model is one that 
supposes the stem to consist of local filamentary material that 
was blown out through the advancing surface of the nebula by 
the pressure of the relativistic plasma within”. This model can 
dispense with a halo and it quite naturally explains why the 
stem radio emission shows up as a slightly weaker extension of 
the nebular emission. Magnetic tension is probably needed to 
keep the stem walls from rapidly diverging on this view (see 
ref. 3), but even with the necessary fields the analogy of an 
elastic membrane with one weak point implies not a straight 
narrow structure, but something more of a puff or bubble. How 
is the roughly isotropic relativistic gas pressure, many orders of 
magnitude higher than the ram pressure, able to produce both 
rapid outward motion and a slow transverse motion? Finally, 
if the sharp bend at the stem-filament boundary is the result of, 
say, mass loading of field lines by filaments at the base, then 
we would expect little motion there, as opposed to the cylindrical 
expansion observed. 

One way around some of these difficulties is suggested by the 
more quantitative model of Shull et al’, which suggests a non- 
relativistic plasma jet, with ram pressure much higher than 
thermal pressure, as the source of the stem. That model does 
not account for the continuity of radio intensity into the stem. 
‘It seems implausible also that compression of the halo gas can 
produce the optical emission, as the required compression by 
more than a factor of 10 within the weakly radiative shock that 
generates the density enhancement is unlikely. Even if we accept 
filament material as the source of emitting stem matter, there is 
no obvious concentrated energy source to produce a directed 
flow. The magnetic energy available from the very weak filaments 





‘at the outer edge of the nebula seems much too small to produc 


such a jet. There is no obvious coherent energy source with, 
the tangled web of filaments. All jet theories share this weakness 

Further observations are needed. If sensitive observations dc 
not detect a halo, then the shadow model and models relying 
on halo compression may be rejected. If the outward motion ol 
the stem is shown to be much faster than 2,500kms™', the 
shadow model is unlikely. A steeper radio spectral index foi 
the cloud than for the nebula as a whole (which has a flattey 
spectrum than that expected from shock acceleration) would 
favour our model, as would any evidence for a stem composition 
implying a mixture of some interstellar medium. Of course, the 
discovery of other stems in this or in other supernova remnants 
would provide more opportunities for tests, but as yet the stem 
is unique. 

We thank Drs C. Alcock, R. Fesen, W. Mackey, M. Neidnet 
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stem. This research was supported in part by NASA grant 
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The Crab nebula is so far the only object where the direct interac- 
tion between a pulsar and the surrounding remnants of the super- 
nova can be studied. Here we present an X-ray image of the Crab 
nebula taken with the Einstein Observatory High Resolution 
Imager (HRI) and deconvolved using Fourier techniques. The 
picture uncovers for the first time spatial structures that further 
refine the ideas about the energy injection mechanism and the 
electron propagation process in the nebula. 

The lifetime of the synchrotron-radiating relativistic electrons 
in the Crab nebula is so short that these cannot be ejected in 
the supernova explosion seen in AD 1054 and have to be replen- 
ished continuously. This has stimulated several investigations 
of the injection and propagation of electrons in the nebula‘. 
Generally, the shrinking size of the nebula with increasing 
energies is explained by the decreasing lifetime of the radiating 
electrons; also, as the dimensions of the ‘injector’ (the pulsar) 
are negligibly small, the theories predict a point source at high 
X-ray energies centred on the pulsar. However, from the first 
lunar occultation observation of the Crab nebula*, there were 
indications of an offset of the emission centroid from the pulsar 
in a northwesterly direction. This was later confirmed by a series 
of occultation experiments in 1974°°, which also demonstrated 
that even at energies > 20 keV, the X-ray source had a finite size 
of > 20 arcs. 

Although the Einstein telescope was the first imaging instru- 
ment of sufficient spatial resolution to provide X-ray images of 
the central region of the Crab nebula, in the published pictures’ 
the information about size and shape of the emission region is 
masked by the convolution effect with the HRI’s point spread 
function. Figure 1 shows the picture we obtained for the Crab 
nebula after processing the original data, taken during the off- 








Fig. 1 The X-ray emission region of the Crab nebula obtained 


by processing the off-pulse Einstein HRI data. 


pulse phases of the pulsar. The pixel size is | arcs x | arcs. The 
data contain roughly 15 x 10° s of net observation time. For the 
deconvolution we used a Fourier-transform technique” with the 
on-axis full-range point-spread function at 8.3 A (ref. 9). The 
data were first smoothed with a gaussian filter and then Fourier 
transformed in two dimensions, applying an appropriate data 
window to correct for the finite extent of the picture'®. The 
frequency spectrum was then divided by the Fourier transform 
of the point-spread function and transformed back into the 
spatial domain, giving the intensity distribution of Fig. 1. 

Although there is substantial noise in the picture, a ring-like 
structure of the emission region is clearly visible including the 
central hole, known from the optical image. The dark unstruc- 
tured parts of the picture contain signals that are below ~ 10% 
of the maximum intensity. The pronounced enhancement of 
emission in the north-west region of the pulsar is a factor of ~3 
stronger than the average emission, which explains the offset 
found in the earlier measurements. The brightest point in the 
picture is consistent with the position of the ‘star’ seen in the 
optical picture ~25 arcs north of the pulsar. 

The overall geometrical configuration as well as the size of 
the inner and outer elliptical contours and the ratio of the major 
to minor axes of the ring-like emission structure agree closely 
with the predictions of a model proposed by Aschenbach and 
Brinkmann!’ in which the electrons are accelerated and then 
transported outwards, radiationlessly, in the strong electromag- 
netic wave of the pulsar. When the ram pressure of this relativis- 
tic wind equals the thermal pressure of the surrounding nebula, 
a shock forms, producing an amplification of the magnetic field 
and a randomization of the directed plasma motion'*. Only from 
this radial distance and beyond do the electrons lose their energy 
by synchrotron radiation, thus leaving an emission hole around 
the pulsar. Taking for the pulsar the field configuration of an 
oblique rotator, the acceleration and outflow of the electrons 
are most efficient near the rotational equatorial plane'*, produc- 
ing a toroid-like structure for the emission region. The height 
of this toroid is determined by comparing the lifetime of the 
radiating electrons with their effective radial propagation time. 
The brightness asymmetry in the optical picture near the pulsar 
and the X-ray offset was explained by an enhancement of the 
magnetic field strength in the northwestern parts of the nebula. 
As the proper motion of the pulsar is in that direction"*, it was 








Fig. 2 The Einstein HRI data of the Crab nebula in a gradient 
representation. 


proposed that the necessary field amplification is a compress- 
ional effect of the pulsar running into the surrounding medium. 

In 1975 this model was fitted to the available optical picture 
of the central region of the Crab and some rough estimates 
about the expected size and brightness distribution of the X-ray 
emitting region were made. The predicted values are in good 
qualitative agreement with the Einstein picture. A detailed analy- 
sis of the brightness distribution is now under way (T. Bork, 
unpublished thesis). 

In addition to the toroidal shape, the soft X-ray as well as 
the optical picture exhibits the so-called ‘anvil’. In our model, 
this structure, as well as the wisps, is correlated with plasma 
ejection processes from the (rotational) polar regions of the 
pulsar, although the structures are on large scales not co-aligned 
with the rotational axis of the neutron star. The bending of the 
jet may be the result of interaction of the outstreaming plasma 
with the surrounding nebular matter, by processes similar to 
those discussed in the context of curved jets of radio galaxies’. 
The horizontal linear feature, visible in Fig. 1, is probably an 
artefact. It masks exactly the position of the wisps, which in 
some models are regarded as the centres of the activity of the 
nebula. In those models, the wisps are produced by electromag- 
netic instabilities in the wind-wave system. Again the relativistic 
electrons are transported without radiation losses to this region, 
where the instability suddenly releases the wave energy into 
proper modes of the wind plasma and radiation ensues by the 
Compton-synchrotron process'®. Although there is some X-ray 
flux enhancement in this part of the picture, we cannot attribute 
it definitely to the wisps’ activity, nor can we reject this 
hypothesis. 

The total Einstein HRI data from the Crab consist of more 
than 45 x 10° s of useful data. Unfortunately, they could not be 
used to improve the statistics, as our technique is very sensitive 
to the large-scale systematic erroneous structures existing in the 
convolved image. Figure 2 shows the whole data in a gradient 
representation, an ideal method for edge enhancement, in terms 
of the quantity P,.(x,y)=V(dP(x, y)/ax)? + (P(x, y)/ayy, 
where P(x, y) is the intensity in the image pixel with coordinates 
(x,y). A comparison of this representation with the Fourier 
deconvolved data (Fig. 1) demonstrates the reality of the ring 
structure. An imperfect correction for distortions introduced by 
the HRI detector electronics, inherent in the original data”, is 











“clearly visible as a bar-like structure just north of the pulsar. 


These spatially extended oriented features degrade the Fourier 
spectrum so that the quality of the deconvolved pictures can be 
little improved beyond that of Fig. |. We hope that in a recon- 
struction of the pictures this problem can be overcome. 

High-energy X-ray data (21-63 keV) taken with a rotation 
modulation collimator balloon experiment’? show that, with 
increasing energy, the emission becomes progressively more 
concentrated to the northwestern region of the pulsar. This is a 
strong argument in favour of the Aschenbach and Brinkmann 
model, where the X-ray morphology mirrors the toroidal 
emission volume outside the central hole. 

Although in the original model the geometrical configuration 
of the emitting region is at least qualitatively correct, a com- 
parison of the available hard and soft X-ray data with numeri- 
cally simulated brightness distributions indicates that the under- 
lying particle injection and transportation mechanism cannot 
be as simple as anticipated. The spatial variations of the intensity 
ratios at different X-ray energies and the well-known overall 
power law spectrum of the Crab nebula are hard to explain by 
a model in which electrons are injected into the nebula and can 
then evolve freely—even if an ‘unorthodox’ magnetic field con- 
figuration is chosen. It is more probable that a more complex 
mechanism including particle re-acceleration (such as that pro- 
posed by Kennel et al.'’) is involved or that the energy injection 
mechanism is quite different”. 

For a more detailed study of these possibilities, X-ray pictures 
with high spectral and spatial resolution are required. A further 
advance can be expected from the data collected recently by 
the Exosat satellite, which are now being analysed. 
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We report here the optical properties of near-transparent porous 
platinum films supported on p-type indium phosphide (InP). The 
deposition of small quantities of catalytically active metals on 
p-InP increases photoelectrochemical solar-to-hydrogen conver- 
sion efficiency by providing a pathway for photogenerated electrons 
to reduce efficiently protons in solution’. Surprisingly, efficiencies 
increase slowly even after fairly thick metallic layers have been 
deposited. These results imply that in certain conditions the metal 
overlayer is effectively transparent to the incident light, or even 
promotes the coupling of incident radiation into the bulk of the 
semiconductor’. We present here both experimental and theoretical 











evidence to show that these effects can. be understood in terms of 
microstructure: when the metal films are sufficiently porous and 
built up from particles smaller than the wavelength of the transmit- 
ted light, the photon fields are screened out of the metal phase 
and are forced into the void structure. This increases the effective 
refractive index of the layer over that of the ambient and provides 
a better match with the substrate, while incurring negligible 
absorption loss. 

Photoelectrodeposition onto a p-type semiconductor substrate 
was used to form the metal films for optical study. This method 
offers several advantages. Light of energy greater than the band- 
gap is absorbed within the semiconductor and generates charge 
carriers. At sufficiently negative applied potentials, photogener- 
ated conduction band electrons migrate to the surface and are 
available to reduce species in the contacting solution. In this 
way, metals can be plated from solutions of their salts. Deposi- 
tion is turned on or off simply by turning on or off the incident 
light. Metal nucleation and growth rates, which determine the 
form and microstructure of the deposit, can be controlled 
through solution composition, mass transport conditions, 
applied potential and incident light intensity. In the present 
study, we used low metal ion concentrations, no complexing or 
surface active species, low rates of mass transport, and applied 
potentials and light intensities such that the concentration of 
photogenerated electrons greatly exceeded the concentration of 
Pt(iv) at the semiconductor-electrolyte interface. These condi- 
tions favour the deposition of a metal with an open microstruc- 
ture and result in improved transparency. The plating solution 
was halide-free, of composition 1.00 mol dm™° HCIO,4+ 1.19 x 
107° mol dm™° Pt(1v) and was transparent from 1.5 to 6.0 eV. 
This allowed the deposition process to be monitored directly 
by spectroscopic ellipsometry. 

Through efficient faradaic reactions, the semiconductor can 
be used as a photodetector to monitor directly the flux of photons 
transmitted through the metal layer. In our experiment, the 
collection efficiency of photogenerated electrons in the faradaic 
mode is given by 





N = $N-(E) (1) 


where œ is the optical coupling efficiency (ratio of penetrating 
to incident photons), and Np(E) is the potential-dependent 
faradaic collection efficiency’, which takes into account the 
competition between charge transfer to solution species and 
carrier recombination within the semiconductor. Here, we used 
Pt-catalysed hydrogen evolution as our actinometer, because it 
is nearly 100% efficient’? for this system. Because N-(E) can 
approach one at sufficiently negative applied potentials, N is a 
good measure of ¢ in those conditions. 

Ellipsometric spectra were obtained using a rotating-analyser 
instrument described elsewhere*. The sample cell was fitted with 
quartz windows to allow complex reflectance ratios to be 
measured in situ over the entire accessible 1.5-6.0 eV photon 
energy range, to ensure accurate microstructural analysis. In situ 
measurement also allowed film evolution to be followed with 
the metal film in its unperturbed state, the only variable being 
the film thickness, d, during an experiment. We define the 
complex pseudodielectric function (€)=(e,)+i{e2) to be that 
quantity obtained when the measured complex reflectance ratio 
is transformed by the so-called two-phase (substrate-ambient) 
model into the bulk dielectric function of a hypothetical sample 
with no overlayers present. If overlayers are present, (£) is an 
average over both overlayer and bulk values. 

The InP surface was prepared using previously described 
methods’, and its quality was verified by ellipsometric measure- 
ments before plating. Comparison of the initial data with the 
InP dielectric function data base® showed that the surface had 
<1.5 A microscopic roughness, but also showed that the repor- 
ted refractive index dispersion curve for H,O (ref. 7) had to be 
increased by 1.6% across the investigated spectral range to 
account for the extra polarizability of the dissolved perchlorate 
ions. Plating was performed at 0.236 V (SHE), spectra were 
recorded at 0.436 V and collection efficiencies determined at 
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Fig. 1 Evolution of the complex pseudodielectric functions (£) 
for the p-InP(Pt)/1.00 mol dm~*? HCIO, system during the course 
of a deposition experiment. The (e,) (Fig. 1A) and (e,) (Fig. 1B) 
components of (é) were calculated from ellipsometric para- 
meters measured during the experiment. The initial spectrum (a) 
was for the Pt-free (100)p-InP surface in the plating solution. The 
arrows indicate the changes observed with increasing Pt loading. 
The final spectrum (spectra) yielded the following best-fit para- 
meters when subjected to LSR analysis as described in the text: 
d =(277.3+12.6)A, f, = (0.838+0.019), « =(1.79+0.17). Spectra 
b-s were obtained, from d = (2.6+:0.8)A (spectrum b), at approxi- 
mately equal intervals in log d. The features of the InP substrate 
spectrum were still visible even for the thickest metal layer, graphi- 
cally illustrating the transparency of the overlying metal film. 


—0.364 V. Normal incidence illumination of the sample was at 
888 +21 nm and an incident power density of 0.43 mWcm™’. 
The results of the ellipsometric measurements are shown in 
pseudodielectric function ((é)) form in Fig. 1, and the photoelec- 
trochemical collection efficiencies as curve b in Fig. 2. Even for 
the thickest metal film the substrate spectral features can be 
clearly seen, giving direct evidence of the essential transparency 
of the overlayer. 

The ellipsometric data were analysed using standard pro- 
cedures®, The sample configuration was represented by the three- 
phase (substrate-film-ambient) model. The (£) spectrum for the 
bare immersed InP surface was used as the substrate reference 
and the corrected dispersion curve of H,O as that of the ambient. 
The metal film, being macroscopically homogeneous but micro- 
scopically heterogeneous, was described by an effective medium 
mix of the dielectric functions of Pt and the ambient fluid. Little 
difference was observed between the Bruggeman? (random or 
aggregate) and the Maxwell Garnett cermet’® (coated-sphere) 
microstructural models, but the former was used on the basis 
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Fig.2 Curve a shows the optical coupling efficiency 3,7, describ- 
ing the penetration of 827 nm (1.50 eV) light through to the InP 
substrate, as a function of platinum film thickness. It was calculated 
from the best-fit values of d, f, and « obtained from the spectra 
of a deposition experiment. The (¢,) (A) and (e,) (B) components 
of (£) were calculated from ellipsometric parameters measured 
during the experiment. The initial spectrum (a) was for the Pt-free 
(100)p-InP surface in the plating solution. The arrows indicate the 
changes observed with increasing Pt loading. The final spectrum 
(spectra) yielded the following best-fit parameters when subjected 
to LSR analysis as described in the text: d=(277.3+ 12.6) A, 
Sf, = (0.838 40.019), «x =(1.79+0.17). Spectra b-s were obtained, 
from d = (2.6+0.8)A (spectrum b), at approximately equal inter- 
vals in log d. The features of the InP substrate spectrum were still 
visible even for the thickest metal layer, graphically illustrating the 
transparency of the overlying metal film. 


of the connectivity evidence provided by the observed elec- 
trocatalytic activity of the metal layer and because of its method 
of preparation. The Maxwell Garnett honeycomb” (contiguous 
metal skeleton) model was completely inconsistent with the 
data, and could be rejected. 

The Bruggeman effective medium approximation used here 
for the metal film is 


0= fy (22 an ( 2) (2) 
Em KE. ET KE, 
where f, is the volume fraction of constituent x and é, its 
complex dielectric function, £p is the estimated effective dielec- 
tric function of the film, « is a screening parameter and m 
denotes metal and v void. Least-squares regression (LSRY was 
used to determine the values of the layer thickness d, the void 
(ambient fluid) fraction f, and the screening factor x of the 
metal film that gave the best representation of the dielectric 
data. For ideal isotropic screening in one, two or three 
dimensions, x assumes the value 0, | or 2 respectively. The 
model gives a precise description of both real and imaginary 
parts of all spectra shown in Fig. 1, thereby demonstrating its 
completeness and accuracy. The best-fit values of the void frac- 
tion f, obtained from the spectra of Fig. | were all high, ranging 
from ~0.6 for the thinnest metal film to ~0.85 for the thickest 
films. Therefore, the films all had a very open microstructure. 
The transmittance of the metal film based on the ellipsometri- 
cally-determined parameters is shown as curve a in Fig. 2 and 
the photoelectrochemical collection efficiency as curve b in Fig- 
2. The film is seen to be transparent even up to thicknesses 
approaching 300 A. The fair agreement between the collection 
efficiencies and the computed transmittances (compare with - 




















equation (1)) shows that the same effective medium approach 
can be used to understand the physical origin of the transparency 
of the metal film. For simplicity, we expand the calculated 
transmittance to first order in the relative thickness d/A and 
the metal fraction fm = | — f, finding for the fractional intensity 
entering the substrate 
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where £, = fi? = (ng ting), En Em and e, are the dielectric func- 
tions of substrate, film, metal and ambient respectively and Re 
and Im are real and imaginary projections. Equation (3b) fol- 
lows from equation (3a) for either Bruggeman or cermet- 
Maxwell Garnett expressions because it is of first order in fa. 
The substrate and ambient being defined, and é, and £, 
therefore fixed, equation (3b) shows that maximum transmitt- 
ance through the film can be achieved by minimizing the negative 
term. The proper approach is to minimize the screening factor 
« and maximize [é,,|, that is, to maximize the effective screening 
and force as completely as possible the photon field into the 
intervening spaces between the metal particles. To the extent 
that this can be accomplished, the remaining first-order term, 
of positive sign, shows that the transmittance will actually 
increase with increasing metal fraction and film thickness. By 
compressing the photon fields in this way, the effective refractive 
index of the fluid in the interparticle regions is increased, thereby 
providing a better optical impedance match between substrate 
and ambient. Through numerical calculations using the exact 
three-phase Fresnel expressions, we have found that a further 
anti-reflection effect becomes operative as the film approaches 
quarter-wave thickness, because of multiple reflections within 
» the film. This interference effect, not described in equations (3a 
and b) can provide additional transmittance. Thus the trans- 
: parency of the metal films is understood. 
We thank T. Y. Kometani for the ICP analysis of the plating 
solution and A. A. Studna for assistance with the ellipsometric 
measurements. 
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Heterogeneous catalysis has played a major role in the development 
of the chemical industry’. Metal oxide catalysts, for example, are 
used in selective oxidation and ammoxidation of hydrocarbons to 
produce key industrial chemicals. The activity and selectivity of 
such catalysts are greatly influenced by their microstructural and 
electronic structure changes under operating conditions. Here we 





report the first investigation of the electronic properties of small 


selected areas of catalyst particles, each only a few micrometers 
in extent, using a scanning electron microscope technique originally 
developed for characterizing semiconductor materials. The 
wavelength of the light emitted by selective electron probe stimula- 
tion (cathodoluminescence) can be directly related to the local 
bandgap energy of the material and the intensity of the signal to 
the point defect level. Some interpretation is required, but there 
are minimal specimen preparation requirements and the process 
is essentially non-destructive so that development sequences can 
be followed. In favourable cases the important aggregations of 
point defects can be mapped with respect to other microstructural 
features. An electronic contribution to promoter mechanisms is 
suggested. 

Certain extended defects, for example, crystallographic shear 
(CS) defects introduced into some oxide catalysts to accommo- 
date the non-stoichiometry (a result of the loss of lattice oxygen 
for catalysis) are thought to be relevant for oxygen exchange 
and catalytic activity in selective oxidation reactions”. However, 
operation without such defects has been established for commer- 
cially important Te and Bi molybdate systems under operating 
conditions using a combination of in situ (dynamic) electron 
microscopy (EM), high resolution EM and analytical EM 
(AEM)*"*. Direct studies coupled with parallel chemical experi- 
ments on some model catalyst systems, for example MoO, and 
V,0;, have also indicated that the CS defects in these play only 
a limited role in the reactions", suggesting that they are a con- 
sequence or an accommodation of the changes produced by the 
catalytic activity (for example, an accommodation of supersatur- 
ation of vacancies), rather than the origin of reactivity. 

From the studies on model as well as commercial catalyst 
systems it is clear therefore that in addition to microstructural 
changes, point defect density and electronic structure can both 
have a significant influence on the chemical properties and hence 
on the effectiveness of the material as a catalyst. Scanning 
electron microscopy (SEM) and probe techniques commonly 
applied to semiconductor materials’ have been used to examine 
this and to supplement information from in situ EM, ultra-high 
resolution structure imaging, conventional AEM and electron 
probe chemical microanalysis (EPMA)*. The initial emphasis 
has been to use cathodoluminescence, which, unlike electron 
beam induced conductivity, is a non-contacting technique and 
does not have any special specimen requirements. It is limited 
to bandgaps in the optical range (1-5 eV), but this covers many 
of the materials of interest. Experiments are possible with very 
small, usually single crystal, particles only a few micrometres 
in size, and generally very similar to the catalyst samples used 
in practical applications. The large single crystals required by 
more conventional methods for determining electronic proper- 
ties are not usually available for these complex powdered 
catalyst materials (and with large single crystals it is difficult to 
obtain the relevant products by reaction under realistic condi- 
tions). The data available in the literature’ are consequently 
very incomplete, precluding comparison with theoretical calcu- 
lations’ and perhaps resulting in an over-emphasis on structural 
factors in evaluating catalytic compounds. 

Experiments were carried out on materials of interest in 
catalysis, namely, rutile (TiO;), mixed Sn/Sb oxides and Bi 
molybdate systems. The TiO, powder was crushed from a boule 
(National Lead Company, USA)''; the mixed Sn/Sb oxide 
catalyst powders were prepared by co-precipitation using 
appropriate amounts of SnCl, and Sb/aqueous ammoniacal 
solution; Bi molybdate powders were prepared by co-precipi- 
tating aqueous Bi nitrate and ammonium para-molybdate sol- 
utions*. The catalyst particles were several micrometres in extent 
in each case and were dispersed on the usual carbon support 
films for microscopy. Reduction experiments were performed 
on the catalysts (using (111) rutile and Sn/Sb oxide crystallites 
and (001) Bi molybdate), in situ, in a high voltage EM (an 
AEI-EM7 HVEM) fitted with a gas reaction cell’, in a controlled 
H, environment and at operating temperatures, with and without 
the electron beam, to obtain the reaction sequences. Parallel 








Fig. 1 Reduced TiO,: a, SEM image; b, cathodoluminescence 


image. Liquid N, temperatures were used. 


experiments were also performed outside the HVEM in a gas 
reaction chamber connected to a mass spectrometer and a gas 
chromatograph, to confirm the direct studies. Cathodolumines- 
cence experiments were carried out on both fresh and reacted 
specimens using a Cambridge Stereoscan SEM fitted with a 
cathodoluminescence detector and operating at 30 keV. A com- 
bination of an elliptical mirror and light guide was used to 
collect the cathodoluminescence with reasonable efficiency. It 
could be connected either directly to a suitable photomuliplier 
for the total signal or through an optical spectrometer, which 
was scanned to produce the analytical spectra’. 

In general, the prepared materials produced relatively 
uniform images in both SEM (secondary electron image and 
back-scattered electrons and cathodoluminescence), which were 
interpreted as coming from smooth and homogeneous surfaces. 
After reaction, considerable surface roughness was often imaged 
in the SEM as shown in Fig. la for rutile reduced at 850°C; 
notable and unexpected cathodoluminescence contrast effects 
were obtained (Fig. 1b), which cannot be readily explained by 
the observed structural defects or surface topography, that is, 
they are not well correlated with the SEM images from the same 
areas. Figure 1b illustrates sharply defined patches of bright 
contrast and also the darker inverse (with respect to the back- 
ground level). 

The energy of the cathodoluminescence signal is a function 
of the bandgap for the appropriate transition between electron 
energy states in the material. Using this technique, it has been 
possible to confirm already known bandgaps’, for example, 
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Fig. 2 a, Cathodoluminescence spectrum of pure ZnO, showing 

the potential of the technique. The bandgap is 3 eV (arrowed) but 

donor levels (of 0.3 eV} below the conduction band create addi- 

tional charge carriers. b, Spectra from two regions of reduced TiO, 

each 10 pm’. A is from a bright region (as arrowed in Fig. 1) and 

B is from a background region. The difference is mainly owing to 
point defects. The peak occurs at 465 nm (2.67 eV). 


~3eV for ZnO (Fig. 2a) and 3.2-3.5eV for TiO, used as a 
support for catalysts, and to establish completely unknown 
electron energy levels from the emission colour and spectra of 
small reacted crystallites of TiO,, even from the selected ~10- 
pm’ regions shown in Fig. 2b. Cathodoluminescence experi- 
ments have also been useful in the interpretation of catalytic 
behaviour of complex mixed Sn/Sb oxide (with 0.7 atom % Sb) 
catalysts. 

in situ H,-reduction experiments carried out on the catalyst 
system in the HVEM show no extended CS defects at operating 
temperatures. The SEM images of the reacted specimen shown 
in Fig. 3 indicate considerable complexity, with in this case 
evidence for segregation of species on the surface. The 
cathodoluminescence spectra of the reacted and unreacted 
specimens reveal marked differences as shown in Fig. 4A and 
B respectively, with band gaps of 2.6 eV and 1.9 eV, suggesting 
variations in composition. The EPMA quantitative analysis 
shows depletion of Sb in the bulk (0.2 atom % Sb in the bulk) 
and, therefore, possible surface segregation of Sb. This work 
has also produced the first estimates of bandgap energy of ~2 eV 
for Bi,MoO, (y-bismuth molybdate), which is the commercially 
important catalyst in the selective oxidation/ammoxidation of 
propylene to acrolein/acrylonitrile used for resins and fibres’. 
This energy (2 eV) is conveniently in the visible region of the 
spectrum. 
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Fig.3 SEM image of Sn/Sb oxide catalyst reduced in Ha, indicat- 
ing surface segregation of species. 
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Fig. 4 Cathodoluminescence spectra of A, the reacted Sn/Sb 
oxide catalyst and B, the unreacted catalyst, showing a peak shift 
indicative of chemical or structural change. 


The energy and intensity of the cathodoluminescence signal 
is influenced by structural features that modify electronic 
properties including the generation of defects and new phases 
under operating conditions. The allowed electron energy levels 
can be expected to be changed by the presence of the defects. 
If discrete levels, perhaps associated with structural changes, 
are involved, a different and diagnostic wavelength of radiation 
may be produced. Point defects can introduce a continuous 
range of degenerate levels leading to broadening of the emission 
peaks (for example, Fig. 2b) and to a progressive and non- 
radiative quenching of the diffusing carrier species before a 
radiative recombination process can occur. Alternatively, point 
defects may act as carrier traps, enhancing the probability of 
radiative recombination in a way similar to activators in phos- 
phors and dopants in light emitting diodes. This might also be 
one role of the promoters present in many commerical catalysts 
and could help to explain the mechanism by which they are 
effective. 

The image contrast obtained with cathodoluminescence can 
thus be used to examine the distribution of moderate to low 
levels of point defects in the matrix, and in the presence of more 
extended defects, which are believed to play a major role in 
both binding of reaction species and in diffusion through the 
bulk between the reaction sites. To minimize the introduction 
of additional point defects, cathodoluminescence microscopy 
was always performed before other examinations at higher vol- 
_ tages. More efficient cathodoluminescence detection should 
reduce the beam current requirements and the risk of any artefact 





effects being induced under vacuum in the SEM. All the. 
cathodoluminescence results have been obtained with normal 
incidence at 30 keV. Lower voltages and operation with glancing 
incidence in a manner analogous to reflection high-energy elec- 
tron diffraction (RHEED) should permit more surface localized 
analysis, although there will also be enhanced recombination 
at the surface, which will reduce intensities. 

The results should assist in the explanation and prediction of 
the catalytic properties of some complex and not well under- 
stood but commerically important materials. 

We thank the SERC for support. 
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The catalytic properties of Pt, which have been studied in a variety 
of forms of the metal (single crystals, wires or dispersed on a 
support), may be influenced by the method of preparing the metal 
surface. Pt surfaces undergo retexturing' during catalytic reactions 
at high temperatures (> 1,000 K) and a relatively facile sintering 
process has also been described”. Engel and Ertl’ have reviewed 
the heterogeneous oxidation of carbon monoxide on Pt (CO+ 
30, CO,), emphasizing studies concerned with the behaviour of 
the reaction at very low pressures and on clean surfaces (for 
example, on single crystal faces). Under these conditions the kinetic 
behaviour is determined by the ratio of the partial pressures of 
the reactants and is relatively insensitive to the total pressure. 
Here, we describe microscopic and kinetic observations of the 
oxidation on Pt wire surfaces below 600 K and at atmospheric 
pressure. The surface reactions are apparently more complicated 
here than at low pressure; extrapolations from the low to the high 
pressure regimes may not be applicable because of changes in the 
rate-controlling parameters. We present evidence of the mobility 
of Pt atoms (often considered immobile) on the surface and suggest 
that the catalyst functions through formation of oxy- and/or 
carboxyl-Pt complexes in a two-dimensional chemisorbed layer, 
envisaged as a monolayer possessing fluid properties and enhanced 
reactivity, containing both adsorbed reactant gases and mobile 
catalyst atoms. 

Our catalysts are in the form of multicrystalline wires (1 1-turn 
helical coil wound from 50-ym diameter wire; Johnson Matthey, 
Thermopure Grade) which are particularly suitable for charac- 
terizing the surface textural changes accompanying their partici- 
pation in CO oxidation. Surfaces were examined directly in a 
scanning electron microscope (Jeol 35CF) after the wires had 
been used in rate studies involving a selected sequence of kinetic 
measurements under controlled conditions (wire temperature, 
reactant compositions and duration of reaction). 

Kinetic measurements of the CO oxidation reaction were 
made by a novel method** outlined here. The catalyst wire coil, 
also used as its own resistance thermometer, was first calibrated 
at pre-determined temperatures, usually 450-550 (40.5) K, ina 








Typical texture of pristine Pt wire before use in hetero- 
geneous catalytic reaction. Scale bar, 1.0 um. 





Fig. 2 Texture of Pt wire after heating to ~1,200 K for 850 min 

in a flow of O,-55 and Nj-250 cm? min™'. Surfaces are smoother 

than those of the pristine wire (Fig. 1), but surface striations are 
still easily visible. Scale bar, 1.0 pm. 


carefully controlled constant rate of flow of non-reactive gas 
mixture (O2, 55; N>, 245 cm? min™', ambient temperature and 
atmospheric pressure). The power, Pe, supplied to maintain a 
constant total resistance, and hence a constant mean wire tem- 
perature, was controlled electronically at any desired value 
through a resistance bridge and feedback circuit. Effects tending 
to induce a change in wire resistance (and, thereby, temperature) 
were compensated automatically by a change in the power 
supplied. When a constant flow of a reactive gas mixture (O3, 55; 
CO, 5) 10 or 20 cm? min™' and sufficient N, diluent to maintain 
the original balance) replaced the inert (O.+N,) mixture, a 
lower power, Pp, was required to maintain the wire temperature 
at the same value. The difference in power supplied, AP = P. — 
Px, is a measure of the heat release rate by reaction (CO+40,> 
CO,) at the constant temperature of the catalyst. Verifications 
of the wire calibration Po were repeated frequently during the 
kinetic studies at appropriate temperatures. The merit of these 
gas mixtures (O, + N, and O,+CO+N,) is that neither changes 
in the reactant proportions, nor changes to the non-reactive 
calibrant, have significant effect on the heat-transfer properties 
of the flowing gas. 

Results of the relevant kinetic studies are summarized. There 
are two distinct regimes of reaction under oxygen-rich condi- 
tions, one accessible only by raising the wire temperature from 
below ~400 K and characterized by a relatively low rate of heat 
release from the surface (AP <50 mW). We shall term this the 
kinetic regime, as it is believed that this reaction is controlled 
by surface rate processes involving only chemisorbed species. 
Kinetic studies were made between 460 and 520K and the 
activation energy was determined (140-210 kJ mol™'). The tem- 
perature over which kinetic control operates is limited, as there 











Fig.3 After stronger heating (perhaps 1,800 K for 60 min) (com- 

pare Fig. 2) the wire surface was almost smooth, although now 

textured by a net of shallow depressions identified as grain boun- 
daries. Scale bar, 10 um. 


is a discontinuous transition to a regime of markedly enhanced 
reactivity (AP = 150 mW) as the wire temperature is raised to 
~550 K. This second reaction regime is believed to be under 
diffusion control*; the wire temperature may be raised or 
lowered without markedly changing the rate of heat release. If 
the temperature is diminished to ~500 K, however, there is 
another sharp discontinuity (extinction) which returns reaction 
to the kinetic regime. The diffusion regime can be entered 
thereafter only by raising the temperature again until the upward 
transition in power output is effected once more. The kinetics 
of reaction thus exhibit hysteresis and there is a region of 
bistability within which the reaction rate may be controlled by 
either the kinetic or the diffusion limiting processes. 

Representative textural features of pristine wires are illus- 
trated in Fig. 1. The parallel surface striations were introduced, 
presumably, during the wire drawing. All surfaces were irregular 
with numerous small and often rounded protrusions (<0.1 pm), 
the sizes, numbers and dispositions of which varied locally. The 
appearances of different areas were broadly similar. 

Wires heated for some hours at 1,200 K in a flow of a non- 
reactive gas mixture (O>, 55 and N>, 250 cm? min™') were percep- 
tibly less rough than the pristine wires, though the striation 
structure persisted (Fig. 2). After still stronger heating, as judged 
from the perceived radiation, the surfaces of the hottest central 
portion of the coil had become very smooth (Fig. 3) and were 
patterned with a network of shallow depressions identified as 
grain boundaries. The outer portions of such coils, cooled by 
heat losses through the heavier support wires, underwent less 
change. 

Wires used for the heterogeneous catalytic oxidation of CO 
for some hours at ~500 K developed the characteristic surface 
textures shown in Fig. 4 a-c. Identical structural features were 
observed on each of four different wires during detailed and 
systematic examinations in the scanning electron microscope. 
These examples of surface features were selected from 210 
photomicrographs as being representative and characteristic. 
The surface textural features (Fig. 4) developed only when the 
Pt wire had been exposed to O, and CO simultaneously and 
after their partial conversion to CO, had continued for some 
hours at ~500 K. The wires used here were never heated above 
600 K. No indication of surface retexturing could be discerned 
(at magnifications of up to 30,000) in the absence of the catalytic 
reaction. 

The surface restructuring described here bears striking 
similarities to the retexturing reported’ for the oxidation of 
ammonia on Pt. The arrays and dispositions of facets, in Fig. 
4, resemble the patterns illustrated in Fig. 2a, b of ref. 7. The 
dimensions of facets developed during the CO oxidation at 
~500 K (0.1-0.5 2m) were significantly smaller than those 











Fig.4 Characteristic textures developed on Pt wire surfaces after 
several hours of catalytic oxidation of CO, below 600 K. Surface 
reorganization involved the generation of crystallographic facets, 
identified as (100) and/or (111) faces together with some rounding 
of corners. Facet development on adjoining areas was sometimes 
oriented in different directions, which could be because of the 
multicrystalline structure of the wire. Retexturing was usually a 
localized phenomenon; textured zones often adjoined areas that 
had undergone little or no apparent change. a, Pt wire surface 
after 30-h reaction (CO +40, >CO,) at ~500 K, b, c, Surface after 
430-h reaction at 480-560 K (c is a detail of b). Scale bars are all 
1.0 pm. 


observed in the higher temperature (> 1,000 K) ammonia oxida- 
tion (0.5-3 pm). 

From X-ray energy dispersive and wave dispersive analyses 
of four retextured wires it has been established unequivocally 
that in the outer layer of the wire (~1 pm) there is on average 
6-8% oxygen, which corresponds to a surface layer composition 
approximating to PtO. The same compositions ( PtO) were detec- 
ted at both textured and unchanged areas of wires after use as 
catalysts and also at the surface of pristine wires. 







We propose the following explanation to account for thes: 
observations. During the heterogeneous oxidation of CO, 
surfaces undergo locally variable retexturing:; some areas 
experience complete modification through the development o 
crystal facets and other areas are manifestly unchanged. It seems 
probable that recrystallization occurs only at the surfaces of 
those Pt crystals of the wire that are suitably oriented and tha” 
the textural discontinuities (Fig. 4) are due to grain boundaries 
Facet faces are identified, from symmetry considerations, a 
high occupancy surfaces of the Pt metal structure (face-centre 
cubic), probably (111) and/or (100). 

These observations lead us to two important considerations; 
in the formulation of a reaction mechanism for CO oxidation 
The first is the demonstration that the Pt exhibits significant 
surface mobility at temperatures (~500 K) very far below the’ 
melting point of the metal (2,045 K). The second is that a bulky 
platinum oxide (rather than adsorbed oxygen) may be the solidi 
actively promoting, or exerting a controlling influence on, the 
present reaction. 

These considerations are consistent with two alternative? 
mechanistic representations of the present reaction. In one, 
surface® or multilayer oxide is reduced by chemisorbed CO andi 
replenished from dissociatively adsorbed oxygen. CO, forma~ 
tion occurs at the contact interface between metal covered withy 
CO and the metal oxide’, a mechanism strongly resemblingy 
certain solid state decomposition reactions'®. In the other rep- 
resentation, the metal atoms are regarded as entering a mobile? 
chemisorbed phase which resembles a two-dimensional fluid of 
molecular thickness. In this phase, Pt bonds with O, and/or’ 
CO (with transitory carboxyl, oxy- or carbonyl-compound for- 
mation) to produce labile intermediates that are formally: 
analogous to those envisaged as participants in homogeneous 
reactions in a solvent. The important difference here is that the 
‘homogeneous’ medium is two dimensional, of molecular thick- 
ness and its components remain bonded to the supporting active 
surface. 

The precise role of any oxide in these reactions must remain 
conjectural until the chemistry of the various platinum-oxygen 
(-carbon) species can be established satisfactorily. The chemical 
behaviour described for the compounds presently known 
evidently excluded their possible participation in this catalytic 
reaction. The reduction of PtO, with CO is particularly vigorous; 
we have measured a temperature rise to >430K soon after 
exposing a 0.1-g compact sample of PtO, to a flow of CO at 
ambient temperature, which confirms the much earlier observa- 
tions by McKinney''. Other oxides of Pt, stable at higher tem- 
peratures, have been described'*-'*. There is evidence from rate 
%14 and from oxygen isotopic exchange measurements'* 


















studies” 
that the reactivity of oxygen and/or oxide at Pt surfaces increases 
at ~500K, the temperature of the present reaction. The 
chemistry of the platinum oxides, however, requires further 
investigation. 

The observed surface retexturing is evidence of the complexity 
of the surface interactions, which also result in hysteresis in 
kinetic behaviour and oscillatory reactions®. We must conclude 
that the surface concentrations of active participants are sensi- 
tive to prevailing conditions and previous catalyst treatment. It 
is perhaps significant that relatively few values of the activation 
energy for CO oxidation on Pt are to be found in the literature. 
Analysis of our kinetic data yielded pre-exponential factors 
(10°°- 10% molecules m~? s~') appreciably greater than the value 
expected for a surface reaction (10°? molecules m`? s7'), which 
may be ascribed to temperature dependent changes in the con- 
centrations of surface participants’®. 

We thank J. McCrae and R. Reed for assistance with the 
electron microscopy and surface analyses and the Health and 
Safety Executive, Sheffield Laboratory for the provision of Pt 
coils. 
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Mandelbrot' has argued that a wide range of natural objects and 
phenomena are fractals; examples of fractal trees include actual 
trees, plants such as a cauliflower, river systems and the cardiovas- 
cular system. Here we apply the renormalization group approach” 
to the collapse of fractal trees, which may be applicable to a 
variety of problems including cardiac arrest, failure of bronchial 
systems, failure of electrical distribution systems and the instabil- 
ity resulting in earthquakes. 

As a simple example of a fractal tree we consider the two- 
dimensional structure shown in Fig. 1 and its failure under the 
application of a vertical load V. Without any failure, the load 
on each leg of order n is V, = V/2" cos 0/2. We hypothesize 
that the legs have a statistical distribution of strength; the 
probability "P, that the failure strength of a nth level leg, Var 
is less than or equal to the load V, is 


Prob (V,.= Vp) = "P, =1-exp[—(V,/Vio)] (1) 


where V,, is a reference strength of the nth level legs and m is 
an integer. This is known as a Weibull distribution and is often 
used to represent a statistical distribution of failure strengths’. 

We further hypothesize that if one leg fails, the load applied 
to that leg is transferred to the adjacent leg in the pair; the 
second leg may suffer an induced failure which we describe by 
the conditional probability "P,, that failure will occur when a 
stress V, is transferred to an unbroken leg, already supporting 
a stress V,, given by* 


"Paa = Prob ( Var < 2 Va/ Var> Vi) 
_ Prob (V,, < V,,;<2V,,) 
Prob (V,,,> Va) 
"P,—"P, 


“TP, g 





where "P,=1—exp[—(2V,„/ Vno) ”] which becomes, using 
equation (1), "P,=1—(1—"P,)*”. 

We now consider the failure of a pair of legs at the nth level, 
which, because it removes the support of the (n —1)-level leg 
immediately above, is equivalent to the failure of a single leg 
at the n—1 level and is thus denoted by "~’ P,. The direct failure 
of a pair of legs is given by "P{ and by including induced failures 
we obtain 


"=P, = "Pi +2"P,(1 esac 
=2"P "P, - "P? 
= 2"P[1-(1-"P,)?"]- "Pi (3) 


It is implicit in the renormalization group approach that our 
failure condition, equation (3), is applicable at all levels of the 
structure. The hypothesis of scale invariance, the basis of this 








Fig. 1 Illustration of a fractal tree. At each level n there are 2” 


legs. The height of the nth level is h, = h,/2"7'. In the limit n20; 
the total height h- 2h,. The tree is loaded with the vertical force 
V. 














Fig. 2 Dependence of the probability for the failure of a leg at 
the n—1 level, "~'P, on the probability of failure at the nth level 
"P, from equation (3). The procedure described in the text for 
determining failure at successive levels is illustrated for "P, = 0.6 
and 0.1. The points 0 and 1 are stable fixed points of the system. 
The straight line corresponds to "7' P, = ""P,, and the failure condi- 
tion crosses this at P¥ = 0.2063. The critical probability of failure 
P# gives the bifurcation point for catastrophic failure of the system. 


approach, implies the existence of a unique model of the system 
that is independent of the length scale except for a prescribed 
change in the pertinent parameters. In-this case the scale invari- 
ance is implemented through a statistical distribution of asperity 
strengths that is invariant, in that it isthe same for asperities of 
all orders, except for an overall renormalization of stress. 

As a specific example we take m = 2 for which the dependence 
of "P, is given in Fig. 2. A renormalization group iteration 
can be performed graphically using Fig. 2. For example, we 
take "P, = 0.6 and from equation (3), with m = 2, we find ”"'P, = 
0.8093; applying equation (3) iteratively, we find "~* P, = 0.9615, 
which can be obtained graphically in Fig. 2 by extending a 
horizontal line to the line "~'P, ="P, and then a vertical line 
to the S-curve representing the solution to equation (3). The 
iteration is then repeated to give "~* P, = 0.9985; thus the proba- 
bility of failure rapidly approaches unity as n is decreased. If 
we take "P, = 0.1, however, we find that "~' P, = 0.05878, ""*P, = 
0.02181, ”"~?P, = 0.00322, etc. and the probability of failure 
approaches zero as n is decreased: Thus, if "P, < Pf the structure 
is stable, but if "P,> PF the structure will collapse—a catas- 
trophic failure will occur. 

From equation (1), for n = 2, we find that the failure load V* 
corresponding to P*¥=0.2063 is V*=0.4807 V,o, which is 





Table 1 Critical probability of failure and failure load 





m P H v*/ Vio 
2 0.206 0.481 
3 0.094 0.462 
5 0.0221 0.467 
10 0.00068 0.482 








; 0.8862 Vio. These results are summarized in Table 1 opetit 
with those for m = 3, 5 and 10. As m increases, the distribution 
of failure loads is reduced and in the limit m > œ all legs will 
fail when V, = Vo; as m increases, the critical probability for 
failure rapidly decreases, but the failure load V* is almost 
independent of m. 

Although we have considered the failure of a particular fractal 
tree, we believe that our approach is appropriate for the failure 
of a network of systems in which the probability of failure is 
independent of the level in the network. Consider the nth level 
of the fractal tree illustrated in Fig. 1. A leg at this level represents 
a system that includes the legs at all the lower levels and as 
long as the systems at all levels obey the same probability law, 
for example that given in equation (1), then the renormalization 
group approach can be applied. With the transfer of load to the 
neighbouring system the characteristic S curve of catastrophic 
failure is observed. 

In conclusion, we have obtained the following general results, 
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which may be applicable to a variety of problems: (1) the total 


system will fail at a lower load than the sum of the mean failure 
loads of the sub-systems; (2) reducing the deviation in failure 
loads for sub-systems will not increase the failure load of the 
entire system. This approach to the stability of a fractal tree was 
derived to explain the earthquake instability’ (the legs of the 
fractal tree are the asperities and barriers on a fault in this 
example) but other applications may include cardiac arrest and 
the failure of bronchial systems, that is, the collapse of actual 
structures. Although the approach is not applicable to braided 
fibrous materials, because the fibres generally have equal 
diameters, our results may suggest improved fibrous materials 
with a statistical distribution of diameters. Our results may also 
be applicable to the reliability and safety of control systems and 
electrical distribution systems. 
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Silica, SiO,, is found in nature in a wide range of forms from 
amorphous to crystalline varieties. Minerals composed mainly of 
microcrystalline quartz (MQ) are conveniently characterized by 
the chemistry or mineralogy of accessory constituents and by 
crystallographic features of the quartz'~*, Agates are MQ nodules 
of high purity found in cavities in host rocks of volcanic origin. 
A recent theory’ described agate growth as a sequence of events 
whereby initial chalcedony (fibrous length-fast MQ) is deposited 
from a supercritical fluid that is poorly polymerized; later, 
spherulitic quartzine and chalcedony form from a highly polymer- 
ized siliceous liquid or gel via its transformation into horizontally 
layered opal-CT and fine-quartz. As cavity filling is considered a 
consequence of pressure release on cooling, it is implied that 
temperatures were reasonably high. We present here isotope ratios, 
180/50 of silica and D/H of bound water, in agates from Lower 
Devonian (~ 410 Myr BP) lavas; these ratios are distinct from 
those in Tertiary (~ 62 Myr BP) lavas, but are linearly correlated 
and plot along a single line approximately parallel to the line 
defined by present-day meteoric waters. The data imply that bound 
waters associated with the agates have preserved their hydrogen 
isotope ratios since agate deposition, which supports arguments 
that the water content is of genetic significance’, but does not 
support a model for agates as ‘refused’ chert xenoliths”. We infer 
that agates of both ages were formed at low temperature {~ 50 °C) 
from fluids having at least a component of meteoric origin. 
Agate formation temperatures >375°C were proposed® on 
the basis of a crystallite size geothermometer. Data on agate 
geochemistry’ and stable oxygen isotope ratios’ have also been 
reported. Preliminary 6'*O values (in % relative to SMOW— 
Standard Mean Ocean Water) on 13 agates ranged from 22.4 
to 31.3% (ref. 2) and it was argued that such values were unlikely 
to result from post-crystallization processes. Because of the 
similarity of this range with that for marine cherts, it was 
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Fig. 1 Location of Scottish agates described in Table 1. The agates 
from the Lower Devonian were collected over a wide area. The 
localities are approximate as most of the samples were found loose. 
The specimens from the Tertiary lavas in Mull were all taken from 
the rock at a single locality, which falls outside the area of hydro- 
thermal alteration in the centre of the island, but where sills in the 
basalt are made of pitchstone or contain sedimentary xenoliths. 


postulated’ that agates in volcanics are xenoliths of marine chert 
that are not resorbed by the magma, but are carried within it 
as melt drops and thus transformed to agate (see also ref. 8). 

Knauth and Epstein’ have argued that nodular and bedded 
cherts (identified as granular microcrystalline quartz) contain 
water as hydroxyl groups (—OH) and that the hydrogen isotopic 
composition (ôD) of this ‘water’, like the oxygen isotope ratio 
of the silicate, is preserved with time. Similar cherts from differ- 
ing geological epochs were claimed to fall into broad distribu- 
tions approximately parallel to the present-day meteoric water 
line (MWL), defined by 6D = 86"°O + 10. Variations in the posi- 
tion of the chert line (that is, the intercept of the 6D against 
5"°O plot) were interpreted as reflecting earth-surface tem- 
perature changes. Related work on deep-sea cherts'®'! confir- 
med the retention of an original 6D signature in various phases, 
including chalcedony formed on the ocean floor. 

We have measured 5'%O of silicate oxygen and 8D of water 
(released by pyrolysis above 120°C and denoted H,O*) on 
selected agates from Lower Devonian lavas from Scotland. 
Specimens showing both wall banding and horizontal banding 
were included. Sample descriptions and data are given in Table 
1 and the locations of the agates found are shown in Fig. 1. For 
13 samples there is a variation in 5'°O of +20-26%, water 
contents (H,O*) range over ~0.1-0.5 wt% and 8D, —60- 
~110%. There is no relationship between 5D and H,0°. Figure 
2, which plots 6D against 5'*O, shows that except for the two 
samples JJ12 and JJ17 there is a strong positive correlation. The 















Table 1 Isotope ratios for agates in volcanic rocks from Scotland 








l Location, collector and 0O 6D H,O* 
Sample grid ref. (4 V-SMOW) (% V-SMOW) (wt %) 

Hi (H) Devonian; exact location 24.9; 24.6 ~60 0.26 
not known, probably Ayrshire 

J2 Devonian; Fife near 20.5 —94 0.20 
samples 3, 6 and 10 

J33 Devonian; Dunbog; C.C.; 21.8 —97 0.17 
NO 2818 

J4 Devonian; exact location 20.2 —103 0.53 
not known, probably Fife 

JIS (H) Devonian; Usan; C.C.; 23.1 —73; -66 0.43; 0.44 
NO 7254 

J36 Devonian; Balmeadowside; 21.4 ~93; —91 0.11; 042 
C.C.; NO 3118 

JJ8 Devonian; Kinnoull Hill; 21.7 —100 0.13 
C.C.; NO 1322 

JJ9 (H) Devonian; Boddin Point; 23.7 —80; -85 0.39; 0.42 
C.C.; NO 7153 

JH10 Devonian; Pittachope; 20.9 —99 0.33 
C.C.; NO 3021 

JJ15 (H) Devonian; Dunure; J.J.; 21.7 -73; ~71 0.42; 0,44 
NS 2515 

JJig Devonian; Burn Anne; 22.1 —78 0.41 
GS; NS 5235 

J312 Devonian; Turnberry; 25.8; 25.6 —107; —107 0.15; 0.18 
J.J.; NS 2005 

JIN7 Devonian; as JJ18 24.4: 23.4 -1i1; -117 0.17; 0.15 

J319 Tertiary; Muli; B.J. and 13.6 ~153 0,47 
W.J.B.; NM 4519 

JJ20A Tertiary; Mull; as JJ19 13.2 ~174 0.15 

JJ20B Tertiary; Mull; as JJ19 16.8 ~136 0.68 

JJ22 Tertiary; Rhum; G.D.; 13.4 ~140 0.64 
NG 3201 

3324 Tertiary; Mull; as JJ19 15.6 —134 0.45 

5325 Tertiary; Mull; as JJ19 15.2 ~129 0,45 

JJ26 Tertiary; Mull; as JJ19 15.6 ~135 0.41 
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Horizontally banded agates were distinguished from the normal fortification variety and are denoted by the letter H in column 1. Under the 
microscope the chalcedony was length-fast; the horizontal layers were either fibrous length-fast chalcedony or a granular material, which was not 
treated separately. Opaline silica was sought and was found in one of the Tertiary samples. This specimen JJ20 hada distinct outer layer (JJ20B) 
which was separated and identified as cristobalite by X-ray diffraction. With this exception the material all consisted of chalcedony with slight 
iron-staining as the only sign of impurity. The collectors are identified by their initials (see acknowledgements). 


two discrepant agates have the highest 6'°O and the lowest 5D 
of all the Devonian samples analysed; there are yet no valid 
criteria to distinguish them on other than isotopic grounds. 
Linear regression of the 11 remaining points gives 5D= 
8.46'*O —271; the correlation coefficient r= 0.82 is significant 
at the 99% level. The first conclusion is that H,O* is related to 
the last fluids with which the agate silicates exchanged oxygen 
isotopes. To investigate the possibility that the interaction with 
fluids took place long after deposition (and thus had no bearing 
on agate genesis), Tertiary agates from the Western Isles of 
Scotland were examined. Host volcanics are aged ~62 Myr BP 
and contemporary meteoric fluids are known to have been 
strongly depleted isotopically, probably because of a combina- 
tion of geographical and topographical features'*-'*; the posi- 
tion of such fluids on the MWL has been estimated as (— 12%, 
—85%) (see, for example, ref. 14). The isotope ratios for Tertiary 
agates are much lighter than those from the Lower Devonian. 
We interpret this as evidence that interaction with recent waters 
has not been significant and that the isotopic signatures of the 
agates were established during or soon after formation. The 
Tertiary points fall close to the extrapolation of the best-fit line 
through the Devonian data (see Fig. 2). Pooling the 18 points 
leads to a regression line 5D=7.9 8'0 —260, with r=0.96, 
significant at the 99.9% level. The relationship between ôD and 
6'°0 of rocks or minerals that form through interaction with 
meteoric fluids at a given temperature is governed by'? 


a(H) a(H) 
a(0) a(0) 
where a(H), a(O) are the appropriate mineral/water isotope 





6D=8 50+ 1,000(8 —6.99 a(H)-1) (1) 





fractionation factors for hydrogen and oxygen. In general 
a(H) <1, whereas a(O) > 1, so the slope is slightly <8. A second 
conclusion, therefore, is that the fluids determining the agate 
stable isotope ratios had at least a component of meteoric origin. 
For Devonian samples there is insufficient resolution to distin- 
guish between meteoric waters from different parts of the MWL 
and mixtures of meteoric water with seawater. 

Different temperatures of isotope exchange between agates 
and their formation fluids will produce a displacement in the 
6D/6'%O diagram, manifest as a variation in the line intercept 
(see ref. 15). The data suggest either that Lower Devonian and 
Tertiary agates from Scotland both formed at the same tem- 
perature from waters on the same meteoric water line, or that 
different water lines and temperatures were involved and their 
respective effects cancelled. The former seems more plausible. 
According to the Knauth-Epstein? empirical calibration for 
chert 5'°O, the temperature is ~46 °C and the rate of change 
of temperature with difference between water and silicate 6'*O 
is S °C for each 1%. Extrapolating the high-temperature absolute 
quartz/water calibration of Clayton et al.'® gives a temperature 
of ~63 °C. The hydrogen isotope fractionation between chert 
MQ and water has been suggested to be between 60 and 80% 
at ocean bottom temperatures’, and a temperature rate of 
change of ~1.3% °C”! can be estimated (data from Fig. 8.2 of 
ref. 15). From the isotopic value of Tertiary meteoric water, we 
derive an approximation to the hydrogen isotopic fractionation 
of ~60% for the agates. If part of the cause of the spread of 
Devonian points along the agate line in Fig. 2 is that seawater- 
meteoric water mixtures were involved, then points high on the 
line are more likely to have a greater seawater component. It 
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Fig. 2 Plot of 6D (relative to V-SMOW) of H,O* against silicate 
8'50 (relative to V-SMOW) for Scottish agates. The circles are 
Lower Devonian samples, with filled symbols for JJ12 and JJ17 
(see text). The squares are Tertiary samples. The dotted line is 
8D = 8.46"°O —271, the best-fit line through the 11 open circles, 
shown extrapolated to the region of the Tertiary data. 


© may be significant that six points plot low, close together at 
~(+21%, —98%); these could represent a pure meteoric water 
endmember. Assuming this and adopting 60% for the 6D frac- 
- tionation, Lower Devonian waters would be ~( — 5%, —30%). 

The high 5'°O, low 6D samples JJ12 and JJ17 are problematic, 
We speculate that for some, as yet unknown, reason they formed 
at a lower temperature than the others. Assuming that the same 
formation waters were involved, the 6'*O shift implies a tem- 
-perature of 30°C (Knauth-Epstein’® calibration) or 50°C 
(Clayton et al.’® calibration). The agate/ water 5D fractionation 
of 80% would then correspond approximately to a rate of change 
of 20% in 16°C or ~1.3% °C™!. This is the same as the value 
derived from ref. 15 and so the argument is at least consistent. 
Contrary to previous discussions >>’, our work strongly sup- 
ports a low-temperature genesis for agates, and similar tem- 
perature estimates for the majority of Lower Devonian and 
Tertiary agates are a necessary consequence of our interpretation 
of the data distribution as representing a co-linear trend parallel 
- to a common meteoric water line. 

Returning to the idea of agates as ‘refused’ marine chert 
xenoliths, we note that 5D of deep-sea cherts is not a function 
of 5'O (ref. 11). Also, the data in Fig. 2 show convincingly for 
the Scottish samples that meteoric water had a role in establish- 
ing the isotopic compositions. May the arguments’ be relaxed, 
then, to allow some agates to be refused freshwater cherts (see 
ref. 17)? This seems unlikely. The investigation” of nodular and 
bedded cherts suggested 5D = 86'*O — 328 for Tertiary samples 
and ôD =88'0 —279 for Devonian samples from continental 
North America, yet a notable feature of the data in Fig. 2 is 
that a single line is defined for both Devonian and Tertiary 
agates, the majority of points plotting close to ôD= 
7.95 °O — 260. Tectonic difficulties associated with the xenolithic 
idea are exacerbated by the complication that although 5'%O of 
deep-sea cherts might not be finally established until ~10 Myr 
after deposition'', the agates found in Scottish Tertiary lavas 
appear to have interacted with highly depleted—and by implica- 
tion Tertiary——waters during formation. 

The relationship between 5'*O of microcrystalline quartz and 
8D of bound water implies that formation fluid has been 
“retained. Models of agate genesis that appear to involve 





sequences of flui ested isotopically. For oth 
agate suites, like those discussed here, it is possible to estimate: 
the isotopic composition of the local meteoric water during past 
geological times. 
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The lagoon sediments of Enewetak Atoll in the Marshall Islands 
contain a large selection of fallout radionuclides as.a result of 43 
nuclear weapon tests conducted there between 1948 and 1958 (refs 
1, 2). Studies of the burial of fallout radionuclides have been 
conducted on the islands** and in several of the large craters'*, 
but studies of their vertical distribution have been limited to about 
the upper 20 cm of the lagoon sediments. We have found elevated 
fallout radionuclide concentrations buried more deeply in the 
lagoon sediments and evidence of burrowing into the sediment by 
several species of callianassid ghost shrimp (Crustacea: 
Thalassinidea) which has displaced highly radioactive sediment. 
The burrowing activities of callianassids, which are ubiquitous on 
the lagoon floor, facilitate radionuclide redistribution and compli- 
cate the fallout radionuclide inventory of the lagoon. 

The Enewetak radiological survey of 1972 (ref. 1) extensively 
sampled the surface sediment of the atoll lagoon and identified 
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wo areas having significant contamination: the north-west 
agoon extending south-west of Enjebi and a smaller area 
2xtending south-west of Runit (Fig. 1a). Because these sedi- 
nents contain most of the atoll radionuclide inventory and 
possess an active, burrowing infauna, we investigated the vertical 
jistribution of fallout radionuclides in a series of cores taken 
sy SCUBA divers within the contaminated area south-west of 
Runit Island (Fig. 1b). 

Eleven sediment cores between 20 and 200 cm in length were 
recovered from an area of the lagoon floor suspected to contain 
the fallout contamination of several nuclear detonations on 
floating barges (Fig. 1b). The cores were recovered by hammer- 
ing 3-inch diameter plastic core liners into the sediment, which 
were capped and extracted. Six of these cores exhibit large 
amounts of radioactivity in distinct layers as identified by y 
spectrometry, œ spectrometry, and a and B autoradiographic 
techniques. Two of these cores, 5C-1 and 5D-3 (sites c and d 
in Fig. 1b), were singled out for the present detailed analyses 
because: (1) they contained unusually large amounts of radio- 
activity associated with a thick distinct layer of fine-grained 
carbonate material and (2) they readily displayed the effects of 
bioturbation. A more comprehensive report on these sediments 
will appear elsewhere (G.M.M. et al., unpublished data). 

The lagoon sediments are primarily composed of an uncon- 
solidated mixture of the skeletal remains of corals, coralline 
algae (Halimeda sp.), and foraminifera®. The lagoon floor in 
the sampling area is populated by scattered Halimeda colonies 
and ubiquitous mounds of reworked sediment and associated 
‘sink holes’ produced by populations of several species of bur- 
rowing callianassid ghost shrimp (Crustacea: Thalassinidea). At 


least four different species have been identified, each in a separ- 
ate genus and all from the family Callianassidae (Callianassa 
sp., Calliax aff. C. novaebritanniae (Borradaile), Callichirus 
vigilax (de Man) and Thomassinia sp.). Numerous other inverte- 
brates and fishes at Enewetak contribute to bioturbation of 


lagoon sediments, but callianassid shrimps seem to have the... 


greatest impact on sediment redistribution. During feeding and 
tunnel construction these callianassids often burrow to depths 
of > 1.5 m below the sediment surface and sort through massive 
quantities of sediment to glean organic material’. Coarse- 
grained sediments (21.4 mm) are stored in subsurface refuse 
galleries. Smaller particles are either used in burrow wail con- 
struction or pumped to the sediment-water interface where they 
are either suspended in the water column or accumulate in the. 
form of mounds’®. The two cores described here were taken 
60 m apart among dense callianassid mounds; both cores display 
evidence of callianassid burrowing (Figs 2 and 3). 

The sediment cores were split lengthwise into two halves. 
One-half was surveyed by a scanning y-spectrometer system 
equipped with a Nal(Tl) detector. The remaining half was 
surveyed by a and 8 autoradiography. a-Sensitive, Kodak 
LR-115 cellulose nitrate film was placed directly on the core for 
2 months and developed as described in ref. 9. a Tracks were 
counted by a random field-of-view method with a light micro- 
scope. To assess total 8 activity, Kodak AA-2 Industrial X-ray 
film was placed on the core half for 4 months. A 0.01 mm thick 
plastic sheet was placed between the core and X-ray film to 
prevent chemical reactions and a-particle exposure. High- 
energy y rays are too energetic to expose this film. The films 
were scanned with a densitometer and generated density plots 


en et tt 
Table 1 Radionuclide concentrations in Enewetak Lagoon sediments off Runit Island (pCi g') 





Core Depth 

no. (cm) 6Co 1255h Cs py 4B y Spy 207 Ri 226Ra 238 py 2394240 Py 241 Am 
5C-1 0-5 35+1 1640.2 11.1403 0.7401 0340.1 3521 0.6401 O17 (1242) (130420) 191 
0-5* 2341 0.9+0.1 8.2401 0.7401 0.1 3041 0540.1 0.17 8.6201 l0lt] 1742 
5-9 281 1.4+0.1 10.1+0.2 0.5401 0340.1 27+1 0.50.1 Olt 9.4+0.1 1081 15+2 
48-53 44524 46+1 10}+2 2.3405 0.6 13242 0.2 0.47 (6+1) (63 +9) 9+1 

133-138 3541 3.6+0.2 59+1 0.1 0.2 13.1403 01 O.1F (0.7£0.1) (841) 12203 
$D-3 0-5 14+] 0.5+0.1 2.1401 04201 OF 21.5404 1640.1 O17 (14+2) (150420) 2241 
5-8 11.920.1 0540.1 1940.1 0420.1 0.1 19.4403 1440.1 03401 125401 11441 19+] 
32-36 4741 3.5402 3.720.2 0.5401 0420.1 3041 3.7401 0440.1 26.7403 295243 3742 
61.5-66.5  1424+7 14941 16623 81 4.2+£0.7 405248 0.4 0.67 (3645) (360450) 5545 

109-113 6242 §.4+£0.2 $440.2 06401 0.2 21.7404 0.1 OAT (1.0+0.1) (lb+t1) 1620.4 


Analyses performed at Lawrence Livermore Laboratory by y spectrometry using a Ge(Li) detector except Pu analyses by a spectrometry. Errors 
are based on counting statistics (+10). Bracketed Pu values are estimated from mean Pu/Am isotope ratios. 


* Replicate analysis based on adjacent sample of core. All analyses reported as of 5 March 1982. 


+ Upper limit values only. 
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Fig. 2 Detailed vertical radioactivity distributions in cores Runit 5C-1 (a) and 5D-3 (b). 
cores. Major areas of burrows are indicated by ‘B’, 
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B, Total a-activity distribution. C, Total B-activity distribution as Co. D, Distribution 





were integrated by using a polar planimeter. Total activities 
were standardized with a “°Co source designed to approximate 
the self-absorption of the cores. 

Selected samples of the cores were analysed by a and y 
spectrometry at Lawrence Livermore Laboratory. Samples for 
y analysis were dried and coarsely ground before counting on 
a Ge(Li) spectrometer system. Splits of these samples were 
dissolved in concentrated acids and Pu was preconcentrated by 
anion exchange before œ spectrometry using Si(Li) detectors. 

These sediments contain a complex assemblage of nuclear 
fuel, fission and activation products and their decay products'”. 
The abundance of many of the long-lived radionuclides that 
contribute to the a, 8 and y activity are presented for selected 
sections of the cores in Table 1. Detailed vertical radioactivity 
distributions of total a, total 8, and the major 8 and y-emitting 
isotopes Co and '*’Cs are shown in Fig. 2. 

Both cores contain discrete layers of predominantly fine- 
grained (<38 um) carbonate material which correspond to 
peaks in radioactivity at depths of 43-80cm and 56-88 cm, 
respectively, for cores 5C-1 and 5D-3 (Fig. 2). This fine-grained 
carbonate is probably blast-pulverized sediment and reef 
material formed by cratering from nearby barge events. After 
an almost instantaneous deposition of the fine-grained carbonate 
layer, deposition of predominantly coarser-grained sediments 
occurred by either slumping, normal sedimentation or some 
combination of these processes (Fig. 2). Similar fine-grained 
sediments have been observed in and adjacent to the Enewetak 
nuclear craters on land*. These barge events occurred during 
the Hardtack Phase I Series from May to August of 1958, the 
last series of tests conducted at Runit?. 

Chemical, mineralogical and scanning electron microscopy- 
energy dispersive X-ray analysis (SEM-EDAX) of carbonate 
dissolution residues reveal that these fine carbonate layers con- 
tain 1-2 wt% non-carbonate material composed largely of 
magnetite with minor amounts of pyrite and amorphous biogenic 


silica. This noncarbonate material contains >90% of the total 
radioactivity in the sample. 

Adams et al.'° found that fallout particles collected following 
nuclear weapons detonations at Enewetak were formed by the 
interaction of condensing vaporized metals and fission products 
from the bomb and associated structures with surface material 
swept up into the cooling fireball. In the case of barge events, 
these particles were largely small {< 1-pm) spheres of dicalcium 
ferrite formed from the condensation of the vaporized barge 
and ballast materials; magnetite and calcium oxide were iden- 
tified as major components of fallout particles from tower and 
ground shots on land. 

Probably most, if not all, of the radioactivity in these sediments 
was originally present in the magnetite. SEM-EDAX results 
indicate that the pyrite has formed in situ by postdepositional 
interaction of dissolved Fe** and sulphide derived from bac- 
terially mediated reduction of porewater sulphate in anoxic 
conditions''. Inspection of the fine-grained carbonate layers 
both immediately after collection of the cores and after splitting 
revealed black and greyish-brown colours for 5D-3 and 5C-1, 
respectively, indicating that core 5C-1 was oxidized relative to 
5D-3. X-ray diffraction analysis of the noncarbonate fraction of 
both cores indicates the presence of X-ray amorphous material 
in the 5C-1 layer that may be iron (111) oxide; chemical analysis 
of both fractions rule out the possibility that this amorphous 
material is composed of a greater amount of biogenic silica. 

Because of their similar lithological, chemical, mineralogical, 
and radionuclide compositions, it seems likely that the two 
closely spaced cores have sampled either the same radioactive 
layer or layers produced by closely spaced tests of similar effect. 
Visual observation of both cores suggests that core 5C-1 is more 
heavily bioturbated than 5D-3. Even in core 5D-3, B 
autoradiography reveals that burrowing into the fine carbonate 
layer has displaced highly radioactive material and replaced it 
with less radioactive coarser-grained material from layers above 






















































Fig. 3 Iron-rich, carbonate silt layer in core $D-3. Callianassid 

burrows are indicated by arrowheads. B autoradiograph (right) 

shows callianassid burrows filled with less radioactive sediment 

from adjacent layers (light tones). Dark tones indicate highly 
radioactive sediment. 


and below the fine carbonate (Fig. 3). The fine carbonate layer 
of core 5C-1 contains about one-third of the iron content and 
overall radioactivity of core 5D-3 (Table 1 and Fig. 2). Com- 
parison of grain-size distributions in samples taken from these 
layers where no major burrows are evident suggests that the 
5C-1 layer also contains a greater amount of coarser-grained 
carbonate material. 

These observations suggest greater mixing of less-radioactive 
material into or greater transport of more-radioactive material 
out of the 5C-1 fine carbonate layer, or both. Callianassid 
burrowing could easily account for any combination of these 
sediment transport processes. The relative degree of burrowing 
into these layers may also be reflected by their relative degree 
of oxidation. For at least the absolute concentrations, however, 
we cannot rule out core-to-core variations over small distances 
due to such factors as variable deposition or even variable test 
yield should the cores have sampled different blast areas. Indeed, 
the different radionuclide ratios in the fine-grained carbonate 
layers of the two cores, if unaffected by the bioturbation, strongly 
suggest that they have received debris from different tests 
(Tabie 1). 

The distributions of ©°Co, '°"Cs and transuranic activities 
suggest either different deposition or redistribution of 














transuranic isotopes relative to that of ®Co in both cores and 
of Cs relative to Co in core SC-1 (Table 1 and Fig. 2). 
Redistribution, by callianassid activity or another process, 
assumes that most of the radioactivity observed in the two cores 
originated in the fine carbonate layers and that no significant 
radioactive deposition occurred in the area before or after the 
deposition event. It is unfortunate that, given the complex his- 
tory of testing at Enewetak Atoll and, in particular, the lagoon 
area off Runit Istand'?, deposition of "Cs and transuranic 
isotopes before and after those deposited in the fine carbonate 
layers cannot be excluded. 

Our findings have implications for both the atoll radionuclide 
inventory and for the mobilization of this inventory in the 
sediments and bottom waters of the lagoon. Previous estimates 
of the inventory identified the lagoon sediments as the largest 
reservoir, but relied on samples within the topmost 20 cm of the 
sediment column™'?. These estimates are certainly minimum 
values. Although our samples are from a small portion of the 
lagoon where burial of radionuclides may only be associated 
with cratering, it is precisely those areas where the levels of 
contamination are greatest’. If we use this area to extrapolate 
the lagoon sediment radionuclide inventory, previous estimates 
are 3-10 times too low. Further, a significant portion of the 
initial surface fallout deposition to the entire lagoon floor may 
be mixed to depths of at least 1.5m by callianassid activity. 
Burial of fallout radionuclides by the bioturbation of unspecified 
benthic burrowing organisms is often invoked to explain the 
vertical distribution of these radionuclides in the topmost 10- 
30cm of marine sediments", and the vigour and scale of 
burrowing activity in the marine environment has become more 
widely recognized’*'**°. Callianassids are found at all water 
depths within the lagoon; the mean number of large (25 cm 
diameter) mounds increases from I m~? at 15-30 m to 2.5 m`? 
below 30 m and sometimes exceeds 7 m~”. Deep-sediment mix- 
ing by callianassids would, therefore, add to the underestimation 
of lagoon sediment radionuclide inventories based on values 
determined from surface samples taken 14 yr after the testing 
period. Where fallout radionuclides have been deeply buried, 
the burrowing abilities of callianassids may recycle radionu- 
clides to the sediment-water interface where dispersion into the 
overlying water column would be enhanced. 
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It is common knowledge that our feelings of alertness or drowsiness 
vary throughout the day. Indeed, this diurnal variation is so widely 
accepted that it has been used to validate the drowsy/alert com- 
ponent of activation obtained from mood adjective checklists". 
There is, | however, some evidence from sleep deprivation” and 
shiftwork® studies that this variation is not simply a reflection of 
our sleep/wake cycle, as might be expected, but is at least partially 
dependent on an endogenous circadian (~ 24 h) oscillator such as 
that proposed to account for the circadian rhythm in body tem- 
perature and other physiological variables. Here we have tested 
this suggestion by separating the body-temperature rhythm from 
the sleep/wake cycle by progressively shortening artificial time 
cues (zeitgebers)*. Our results indicate that the circadian rhythm 
in alertness can become independent of both the sleep/wake cycle 
and the rhythm in body temperature. Further, and contrary to our 
expectations, the results suggest that the sleep/wake cycle exerts 
less influence on the alertness rhythm than it does on that of 
temperature. 

Current models of the control of circadian rhythms and the 
sleep/wake cycle typically assume two main underlying pro- 
cesses: the first is a strong endogenous circadian oscillator that 
is relatively impervious to exogenous influences™” and can be 
entrained to a narrow range of periods only; the second process 
is generally held to be weaker in that it is more susceptible to 
exogenous influences and can be entrained to a larger range of 
periods’. These two processes interact to determine our overt 
circadian rhythms. Some rhythms, however, such as those of 
temperature and urinary potassium excretion, are believed to 
be controlled dominantly by the strong endogenous oscillator, 
while the second process is thought to be dominant in controlling 
the sleep/ wake cycle and, for example, the circadian rhythm in 
urinary phosphate excretion. Evidence that these processes 
interact is provided by the dependence of sleep duration and 
structure on the phase of the temperature rhythm at which sleep 
onset occurs*” 

Under normal circumstances both processes will be entrained 
to a period of 24h by the zeitgebers in our environment. 
However, under the abnormal sleep/wake routines resulting 
from shiftwork, rapid time-zone transitions, prolonged temporal 
isolation and prolonged sleep deprivation, their separate influ- 
ences may be manifested'°. Examination of rhythms of subjec- 
tive alertness in such conditions suggests, somewhat counter- 
intuitively, some independence from the sleep/wake cycle? 
We have used Wever’s fractional desynchronization tech- 
nique'':'* to explore the relative dependence of the alertness 
rhythm on the endogenous circadian oscillator controlling tem- 
perature and on the sleep/wake cycle. This technique involves 
progressively changing the period of artificial zeitgebers beyond 
the limit of entrainment of the strong endogenous oscillator. 
Rhythms dominantly controlled by this oscillator thus ‘break 
out’ from the zeitgebers and free-run with the endogenous period 
of this oscillator, while those dominantly controlled by the 
weaker process, such as the sleep/wake cycle, remain entrained 
for longer. 

Twelve apparently healthy student volunteers (aged 18-21 yr) 
were isolated, in three groups (two male groups, | female) of 
four, from all normal zeitgebers for 3 weeks in a temporal 
isolation unit'*. They were exposed to local zeitgebers produced 
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Fig. 1 The mean (+s.e.) estimates of the peak (or ‘acrophase’) 


of the temperature (A) and alertness (A) rhythms on successive 

‘days’. The curved lines show the real timing of local ‘23.49 

(----- ) and ‘07.45 ( }. The bars between these lines show 

the timing of the polygraphically recorded sleep periods (open = 

awake; shaded = asleep). The standard errors of sleep onset and 

end are also shown where these were large enough to be 
represented. 





by a visible analog clock controlled by a microprocessor. For 
the first four complete days of the study the clock ran at the 
correct rate. After this, and unknown to the subjects, it ran faster 
by 0.2 h each ‘day’ down to a ‘day’ of 23.0 h, and then by 0.1 h 
each ‘day’ until a ‘day’ of 22.0 h was reached. It then ran at a 
constant rate of 22.0h per ‘day’ for the remainder of the study 
(four complete ‘days’). Changes in the rate of the clock were 
made at ‘local’ midnight. Throughout the experiment, and 
always according to this ‘local’ clock, the subjects were requested 
to take their meals at a constant time of ‘day’ and to retire to 
bed at 23.45, and they were woken by an alarm at 07.45. 

During the study, rectal temperature was measured automati- 
cally every 2 min using Vitalog TML2 recorders'* and subjective 
ratings of ‘drowsiness/alertness’ were made on a visual analog 
scale every 2h 40min from 08.00 to 21.20 (local time). In 
addition, the sleep of eight of the subjects (1 male group and 1 
female group) was recorded polygraphically on a 2 ‘nights’ on/2 
‘nights’ off basis throughout the study. The polygraphic sleep 
records were scored by eye and the detailed results will be 
reported in full elsewhere. Here we report only whether or not 
the subject was asleep. 

To estimate the ‘peak’ (or ‘acrophase’) of each subject’s 
rhythms in alertness and temperature, 24-h sinusoids were fitted 
to 3-‘day’ intervals of data incremented by I-‘day’ windows’? 
In the case of temperature, only those readings corresponding 
in time to the alertness ratings were included in order to ensure 
strict comparability of the results and to avoid problems associ- 
ated with the masking of temperature by sleep*'®. Analysis of 
the 2-min temperature readings yielded a qualitatively similar 
pattern of findings*. 

Figure | shows the estimates of mean acrophase for the 
circadian rhythms in temperature and alertness on successive 
‘days’, together with the times of recorded sleep. For the first 9 
‘days’ of the study (that is, down to a ‘day’ length of 23.0 h) all 
the variables followed the artificial zeitgebers very well, and the 
normal phase relationship between the alertness and tem- 
perature rhythms was observed, Subsequently (‘days’ 10-14), 
the phase of the alertness rhythm delayed fairly rapidly relative 
to both the temperature rhythm and the sleep/ wake cycle and 
ran with a mean period of 25.48 h, while the temperature rhythm 
showed only a slight phase delay relative to the sleep/wake 
cycle and ran with a mean period of 23.18 h. 












~~ These results indicate clearly both an independence of the 
alertness rhythm from the sleep/wake cycle and a dissociation 
of the alertness and temperature rhythms. However, the question 

remains as to whether the temperature rhythm remained 
„entrained by the zeitgebers for this portion of the study, or 
whether the slight phase delay observed reflected an indepen- 
dence from them. It seems probable that the former was the 
case as it is known that the phase angle of an entrained rhythm 
is affected by the zeitgeber period'’, and the present results are 
in agreement with this relationship. Further, the mean period 
observed for the temperature rhythm during this portion of the 
study was considerably shorter than that expected (24.88+ 
0.19 h)? for a temperature rhythm running independently of the 
sleep/wake cycle. Thus, it seems that, following the ‘break out’ 
of the alertness rhythm on ‘day’ 10, the temperature rhythm 
remained entrained by the zeitgebers for a further 5 ‘days’ before 
it, too, phase-delayed relatively rapidly with respect to them. 
During the final portion of the study, the free-running rhythms 
in temperature and alertness appear to have become entrained 
to one another (temperature mean period = 24.49 h, alertness 
mean period = 24.47 h) but showed a reversal of their normal 
phase relationship, with the temperature acrophase occurring 
~7.5h before that for alertness. 

Analysis of the limits of entrainment of each individual’s 
rhythms indicated that the rhythms of one subject remained 
entrained for the duration of the study (excluding this subject 
resulted in an essentially similar pattern of results to that shown 
in Fig. 1, but with substantially reduced standard errors follow- 
ing the break out of the rhythms). The remaining subjects showed 
a limit of entrainment of their temperature rhythms (22.48+ 
0.09 h) very similar to previous results'', and which was con- 
sistently lower than that of their alertness rhythms (23.00+ 
0.19h; t=7.874, P<0.001). However, there was no evidence 
of a relationship between the limits of entrainment of the two 
rhythms (r = —0.059). 

These results indicate that the sleep/wake cycle exerts even 
less influence on the circadian rhythm of alertness than it does 
on that of body temperature; in terms of current models of the 
circadian system, this implies either that the circadian rhythm 
in alertness is a purer reflection of the strong endogenous oscil- 
lator than is temperature itself, or that it is controlled by an 
oscillator separate from that responsible for the temperature 
rhythm. The failure to find a correlation between the limits of 
entrainment of the two rhythms favours the latter interpretation 
as individual differences in the limits of entrainment of a single 
oscillator would give a correlation. If the rhythm in alertness is 
indeed controlled by a separate oscillator, it should be possible 
to induce desynchronization between the temperature and alert- 
ness rhythms, rather than the temporary dissociation observed 
in the present study, by providing zeitgebers with a period 
between the limits of entrainment of the temperature and alert- 
ness rhythms, We intend to perform such a study. 

It is clear from the present results that, whether or not the 
rhythms in alertness and temperature prove to be controlled by 
separate oscillators, the alertness rhythm can run independently 
of the sleep/wake cycle, and can become dissociated from the 
temperature rhythm. Thus, the adjustment of the temperature 
rhythm to shiftwork or rapid time-zone transitions (that is, 
jet-lag) may be a rather poor indicant of the adjustment of an 
individual’s rhythm in alertness; this may have implications for 
performance efficiency in these conditions. However, while it is 
known that body temperature may be a poor indicant of some 
types of performance’*'*, the role of alertness in this respect 
has yet to be established. 

We thank Art Winfree for his comments on an earlier version 
of the paper and Clive Ongley for designing and building the 
clock. 
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Aithough Parkinson’s disease has traditionally been considered 
as a motor disorder™?, there has been much recent interest:in the 
nature and the neural substrates of parkinsonian dementia’ and 
cognitive dysfunction“, These disabilities, which can induce visuo- 
spatial impairment* and visual ‘neglect’, may also have a bearing 
on the controversy about the normal functions of the nigrostriatal 
dopamine (DA) projection and the basal ganglia*’~’. The observa- _ 
tions that neurones in both substantia nigra and striatum respond 
to sensory events in terms of neuronal firing’™™ or DA release!?"", 
also suggest a role for striatum in sensorimotor integration. An 
important behavioural correlate of this integration is the 
‘sensorimotor neglect’ syndrome’? in animals with unilateral 
lesions of the nigrostriatal projection who fail to orient to contra- 
lateral sensory events. However, this neglect may arise not from 
contralateral sensory inattention’*'*, but from an inability to 
express this sensory selection via motor output. We present here 
two lines of evidence that unilateral striatal DA depletion in the 
rat does not affect sensory attention to visual signals of reward, 
but rather impairs the initiation (though not the completion) of 
contralateral motor acts. These results not only help to clarify the 
function of the nigrostriatal DA projection, but also show that 
depletion in this system is linked specifically to a process of 
response initiation, which may be the fundamental impairment in 
Parkinson’s disease. 

In procedure (1), two groups of rats were trained to hold their 
heads in a central hole until an eccentric visual stimulus was 
presented to one or other side of the head. The two groups were 
required to report the presence of the light either by moving 
their heads towards it (SAME group, n =6) or away from it 
(OPPOSITE group, n=6), hence interrupting the infrared 
photocell beam within the appropriate adjacent hole. Thus, it 
could be determined whether unilateral DA depletion would 
produce: (1) a response bias (for example, moving the head 
towards the side of the lesion, regardless of where the stimulus 
was presented), (2) sensory inattention for a particular side 
regardless of the direction of the motor response required, or 
(3) some higher-order deficit in sensorimotor integration, shown, 
for example, as a deficit in making a contralateral response, but 
only in response to a contralateral sensory event. 

After training, each rat received an infusion of 6-hydroxy- 
dopamine (6-OHDA) into the mid-ventral head of the caudate 
nucleus randomly on either the right or left side (see Table 1). 





* Permanent address: Istituto di Ricerche Farmacologiche ‘Mario Negri’, via Eritrea 62, Milano, 
Italy. 








‘Table 1 Effects of unilateral 6-OHDA lesion of mid-ventral caudate on regional dopamine concentration (ng per mg tissue wet weight) 








Side Nucleus accumbens septi Anterior caudate Posterior caudate 
Procedure (1) Intact 5.625 + 0.531 7.492 + 0.796 12.813 +0.519 
6-OHDA-lesioned 3.879 +0.521* 2.104 + 0.3787 2.491 + 0.4637 
% Decrease 31 72 81 
Procedure (2) Intact 3.784 + 0.504 7419+ 1.447 13.101 £0.920 
6-OHDA-lesioned 2.345 + 0.407 1.707 £ 0.4174 1.656 + 0.4097 
% Decrease 38 77 87 


aamen 


Male hooded Lister rats housed in standard conditions were maintained at 85% of free-feeding weight (300-350 g), with water freely available. 
After training, all rats were anaesthetized with chloral hydrate/sodium pentobarbitone (3.0 ml per kg) and, 30 min after pargyline pretreatment 
(50 mg per kg intraperitoneal), were injected unilaterally with 2 yl of 6-OHDA (4 wg per pl base in 0.1% ascorbic acid in saline solution) in the 
left or right striatum over a 4-min period via a stainless steel cannula (30 gauge). Stereotactic coordinates were: AP, +2 mm from bregma; L, +3 mm 
from midline; V, —5.5 mm from the cortical surface with the incisor bar fixed at +5 mm above the interaural line. At the end of each test procedure 
(70 days (1) and 27 days (2) after lesion) the animals were killed under ether anaesthesia, and their brains were removed rapidly and dissected on 
ice**. DA concentrations (given as mean +s.e.m.) were measured using HPLC with electrochemical detection”. For procedures (1) and (2), assay 
data were subjected to analysis of variance and pairwise comparisons were made with Student's t-test. AP = anterior-posterior, L = lateral, V = vertical. 


*P<0.05; ł P<0.001. 


This treatment was later shown to have produced a substantial 
depletion of DA with respect to the intact side in the posterior 
and anterior caudate-putamen, but only small depletions in the 
nucleus accumbens, a major recipient of ‘mesolimbic’ DA 
afferents (Table 1). 

After 3 days of recovery, the rats were tested once a day for 
6 days. Figure | shows that the unilateral lesion produced an 
alteration in accuracy consistent with a response bias towards 
the lesioned side. Thus, regardless of where the stimulus 
occurred, the rats had a significant tendency to respond towards 
the lesioned side. 

Other measures taken during these experiments allow a further 
specification of the nature of the deficit. We measured the 


response time (to the nearest 0.01 s) for the rats to make the 
unlateralized response of withdrawing their head from the cen- 
tral hole following detection of the visual signal, and from this 
point in time, to make the lateralized response into one of the 
side holes. These two components of response time were labelled 
the initiation time and execution (or completion) time, respec- 
tively. 

There was a significant lengthening of latency for initiation 
time, but only when the response to be made was contralateral 
to the side of the lesion (Fig. 1). Thus, this lengthening occurred 
regardless of the side of presentation of the visual stimulus 
across the SAME and OPPOSITE groups, and hence cannot 
reflect a sensory deficit in detecting the visual signal. By contrast, 


Fig. 1 Effects of unilateral 6-OHDA lesions of mid-ventral caudate nucleus on a SAME OPPOSITE SAME OPPOSITE 
accuracy, response bias and on initiation and execution time in procedure (1). Ir Cr ir Cr PRE POST PRE POST 
a, The left- and right-hand ordinates show, respectively, the correct responses 
both ipsi-(Ir) and contralateral (Cr) to the side of the lesion (mean values of 100 wo 
six post-operative sessions, days 4-9 inclusive) and the percentage contralateral | 
response bias, for the SAME and OPPOSITE groups {mean values of three 
sessions preceding and six sessions after surgery). Accuracy was measured as 
the proportion of correct responses made in each side hole (ipsi- and contra- 
lateral) divided by the total number of responses made. Response bias was 
measured as the proportion of correct plus incorrect responses made into the 
contralateral hole out of the total number of responses. The analysis of accuracy 
(% correct) with the factors: GROUP (SAME and OPPOSITE), SIDE (ipsi- 
and contralateral) and DAYS (post-operative) showed a main effect of SIDE 
(F(1,9) = 11.650, P<0.01) but no interaction of GROUP SIDE (F(1,9)= 
0.710), A comparison of pre- and post-operative scores of % response bias using 
Student’s t-test showed that the lesion significantly reduced the contralateral 
response bias (t(11) = 4.35, P<0.01). b, The left- and right-hand ordinates show, 
respectively, initiation time (s) and execution time (s) of correct responses ipsi- 
or contralateral to the side of the lesion for SAME and OPPOSITE groups (mean 
of six post-operative sessions). Initiation and execution times were measured to 
the nearest 0.01 s. Initiation and execution time data were log-transformed and 
subjected to a three-factor analysis of covariance and post hoc tests, which 
showed significantly longer initiation times for contralateral responses for both 
groups (SAME 1(9) = 2.64, P< 0.05; OPPOSITE 1(9) = 3.5, P< 0.01). There were 0.30) eee 
no significant effects for execution time. r | 

Methods. The visual stimuli were presented on either side of the central hole of i 

a nine-hole array set in the concave, curved wall of an aluminium chamber. LU | 

Following extensive preliminary training, for both SAME and OPPOSITE 9.00 oe 
groups, the session began by illumination of the house light and the delivery of 

a free food pellet (45 mg, Abel Co.) behind a hinged Perspex panel located on the wall opposite the array of holes. Opening the panel to 
collect the pellet turned on the light in the central hole and began the first trial. A sustained nose-poke into the central hole extinguished the 
light in that hole and started one of four time intervals (0, 0.5, 1.0 and 1.55) at the end of which a stimulus light (0.20s) was presented to 
either side of the head. Head withdrawal from the central hole extinguished the stimulus light. For the rats in the SAME group a nose-poke 
response into the illuminated hole resulted in the delivery of food. Responding in the non-illuminated hole resulted in | s of darkness (time-out). 
Conversely, for the rats in the OPPOSITE group, a nose-poke into the non-illuminated hole resulted in the delivery of food, while a response 
in the illuminated hole was ‘punished’ by | s of darkness. For both groups of rats, responses made at all other times or premature withdrawals 
of the head from the central hole, before the onset of the stimulus light, were also punished with darkness. Following either the delivery of 
food or periods of darkness, the rat was required to initiate the next trial by pushing the hinged panel. However, in the cases of premature 
withdrawal and premature responses, opening the panel after the periods of darkness re-started the current trial. Each daily session consisted 
of 80 randomly ordered trials, with 10 trials for each spatial location of the stimulus at each time interval. 
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execution time was unaffected. This dissociation between the 
‘wo components of response time suggests that the unilateral 
sesion impaired the processes involved in the initiation of contra- 
ateral acts rather than their completion. 

~ A strong test of the hypothesis that unilateral DA lesions 
produce contralateral deficits in the initiation of motor acts 
rather than sensory inattention, would be the failure to find 
neglect in a situation where no lateralized response was required 
for signal detection. Consequently, in procedure (2), rats were 
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Fig. 2 Effect of 6-OHDA lesions of the mid-ventral caudate 
nucleus on accuracy of detection of ipsi- and contralateral stimuli 
of increasing eccentricity in procedure (2). The ordinates show the 
percentage correct detections for ipsilateral and contralateral 
stimuli; the abscissa represents increasing eccentricity (1-4) of the 
visual stimuli. The pre-(l) and post-operative (O) data are mean 
values of three sessions before surgery and eight (days 4-11 inclus- 
ive) after surgery. Data were arc-sine-transformed before analysis 
of covariance, with factors SIDE (ipsi- and contralateral), DAYS 
(post-operative) and ECCENTRICITY (1-4). There was a main 
effect of ECCENTRICITY ( F(3,17) = 6.846, P < 0.01) but no main 
effects of SIDE (F(1, 5) = 1.847) or DAYS (F(7, 40) = 1.819) nor 
any significant interactions between the three factors. Data from 
the two test days, DIM] (4) and DIM2 (©), were compared with 
the mean values for two preceding days (control). A three-factor 
analysis of variance showed a main effect of BRIGHTNESS 
(F(2, 10) = 19.326, P<0.01) and ECCENTRICITY (F(3, 15)= 
15.869, P<0.01) but, again, no effect of SIDE or of any of the 
possible interactions between the three factors. 

Methods. We used the same apparatus as for procedure (1) except 
that while the rat was responding in the central hole, its body was 
centralized by placing transparent Perspex barriers on either side 
of its body, ending ~2 cm from the response hole. Each of the 
other eight holes (four to either side of the central hole) was 
occluded by a transparent Perspex window, through which visual 
stimuli were presented. Following extensive preliminary training, 
the start of the session was signalled by illumination of the house 
light and the delivery of a free food pellet. Opening of the panel 
to collect the pellet began the first trial. A discrete nose-poke into 
the central hole started a variable interval lasting for 12s on 
average, after which a stimulus light (0.20 s) on either side of the 
rat’s head was presented behind one of the eight side windows 
contingent on the first nose-poke after the completion of the 
variable period. Withdrawal of the nose from the central hole 
extinguished the stimulus light. A panel push following stimulus 
presentation, that is, a correct detection, resulted in the delivery 
of a food pellet. An incorrect nose-poke into the central hole 
following the presentation of the stimulus was punished by 1 s of 
darkness. The first panel push occurring after a correct response 
or after a period of darkness began the next trial. A premature, 
incorrect panel push before the end of the variable interval was 
punished by 1s of darkness. The first panel push following such 
periods of darkness re-started the current trial. Each daily session 
consisted of 80 trials (that is, 10 presentations of stimulus light for 
each of the eight side windows in randomized order) or 30 min of 
testing, whichever was completed sooner. On two occasions (days 
13 and 14 after surgery) the brightness of the visual stimuli was 
reduced to provide two test conditions, DIMI and DIM2. The 
different test conditions were presented to half of the rats in 
increasing, and to the other half in decreasing, order of brightness. 




























































trained to present brief, eccentric visual stimuli to themselves — 
by poking their noses into the central hole but, in contrast to- 
procedure (1), the seven rats were required to report the visual... 
events by turning around (in either direction) and pushing the’. 
Perspex panel located on the opposite wall. 

Pre-operative performance was characterized by a gradient 
of accuracy, with the highest levels attained from the holes 
nearest to the central hole. Unilateral striatal depletion of DA, 
using the same method as before (see Table 1), produced no 
significant changes in the level or gradient of accuracy over.a 
comparable post-operative period to that used for procedure 
(1) (see Fig. 2), and there were no changes in response latency 
(the time from the onset of the visual stimulus to a correct panel 
push). These results show that unilateral striatal DA depletion 
leads neither to visual inattention on the contralateral side nor 
to an enhanced sensory attentional bias towards the ipsilateral 
side. 

To test more stringently the sensory inattention hypothesis, 
we reduced the brightness of the visual stimuli to degrade 
performance. Although this successfully impaired performance, . 
there was no lateralized effect of the unilateral lesion on accuracy 
(Fig. 2). 

Finally, ~6 weeks post-operatively, in order to demonstrate 
that the unilateral lesions produced some functional lateralized 
impairment, we used tests of rotational behaviour induced by 
1.5 mg per kg of (+ )amphetamine (measured conventionally in 
white Perspex bowls) and a battery of neurological tests for 
sensorimotor neglect'®. The results of these tests confirmed that 
the unilateral lesions had their expected effects. Thus, rotation 
was induced towards the lesioned side (ipsilateral 233.3 + 75.2, 
contralateral 19.247.2 turns min™': 1(5) = 2.97, P<0.02) and 
the tests of sensory neglect yielded significant deficits in response 
to events presented to the side contralateral to the lesion 
(orientation t(5) = 5.0, P<0.01; limb use t(5) =2.17, P<0.05; 
turns on 45° grid #(5)=3.8, P<0.01). 

We conclude that visual forms of ‘sensory inattention’ pro- 
duced by unilateral DA depletion result from a contralateral 
impairment of the initiation (and not the execution) of actions 
directed towards contralateral events. Although these con- 
clusions appear to run counter to those of some other studies 
of neglect produced by lesions of the basal ganglia'”:'*, in neither 
of these studies was the nigrostriatal DA projection selectively 
destroyed, as has been achieved here. Hence, the other deficits 
of sensory attention reported previously’ may be related to 
damage to non-dopaminergic cells. 

Our conclusion that response initiation is impaired following 
nigrostriatal DA depletion does not exclude an environmental 
influence on this initiation. Indeed, we have found that the 
degree of ipsilateral response bias is reduced in procedure (1) 
if no visual stimuli are presented (M.C. and T.W.R., unpublished 
results), showing that the response bias is exaggerated by sig- 
nificant environmental events. However, these changes in bias 
do not result from inattention to stimuli guiding contralateral 
responses, but probably reflect a nonspecific activational or 
arousing influence'**°. The present analysis is compatible with 
electrophysiological experiments showing that cells of the sub- 
stantia nigra, pars compacta fire predominantly just before or 
during the execution of reaching movements rather than during 
the preceding warning signals?™??, Our analysis is also compat- 
ible with psychological findings in parkinsonian subjects of 
smaller gains in speed of reaction time produced by an informa- 
tive warning stimulus than are found in normal subjects; in 
normal circumstances the warning signal presumably facilitates 
response initiation”. Our results further suggest that nigrostri- 
atal DA depletion in Parkinson’s disease contributes mainly to 
impairments of response initiation. Therefore, the other cogni- 
tive dysfunctions of this disease may not be related primarily 
to nigrostriatal degeneration. 
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The neuropeptide oxytocin, synthesized by magnocellular neurones 
in the hypothalamus, is well known for its peripheral action during 
lactation and parturition after its release into the bloodstream 
from axons in the neurohypophysis. However, it may also be 
released centrally to control the activity of oxytocinergic neurones 
themselves. Oxytocin release has been measured from isolated 
magnocellular nuclei in vitro' and in the cerebrospinal fluid”. 
When injected into the third ventricle, the peptide increases the 
basal firing rate of oxytocinergic neurones as well as the frequency 
and amplitude of the bursts of action potentials they normally 
show before each reflex milk ejection**. Oxytocin also excites 
magnocellular neurones when applied microiontophoretically®. I 
now report that immunocytochemical staining reveals synapses in 
the supraoptic nucleus of the hypothalamus where both the pre- 
and postsynaptic elements contain oxytocin. These oxytocinergic 
synapses, impinging on their own neurones, may represent the 
anatomical basis for the hypothalamic release of this peptide and 
for the facilitatory action on its own secretion. 

Tissue from adult male and female Wistar and Brattleboro 
homozygous (DI) rats was prepared for pre-embedding 
immunocytochemistry, using the peroxidase/anti-peroxidase 
technique’ as described in detail elsewhere". Briefly, after 
aldehyde fixation, vibratome sections (50 um) of regions of the 
hypothalamus containing the supraoptic nucleus (SON) were 
incubated in rabbit sera against oxytocin, diluted 1:1,000 
(developed by A. Burlet? using synthetic oxytocin glutaral- 
dehyde coupled to thyroglobulin as immunogen) or neurophysin 
I, diluted 1 : 2,000 (Paesel; purified bovine neurophysin I served 
as immunogen). 

The immunocytochemical specificity of these antisera was 
tested in two ways. First, serial aldehyde-fixed vibratome 
(50 um) and serial deparaffinized Bouin’s fixed (5 um) sections 
















through the SON were incubated with each diluted serum, which 
had been absorbed previously with varying amounts of the 
following peptides (coupled to CNBR-activated Sepharose 4B 
according to the manufacturer's manual, Pharmacia): Met- 
enkephalin, Leu-enkephalin, dynorphin(1-8), 8-endorphin, 
angiotensin (Peninsula, 10-100 pg ml”! serum), corticotropin 
releasing factor (CRF), vasoactive intestinal polypeptide (VIP) 
(0.5 ug ml”! serum), oxytocin, Arg-vasopressin (Peninsula, 10- 
100.gml~' serum), neurophysin-I and neurophysin-H 
(10 pg mi7! serum), The second test was the incubation of each 
peptide-coupled Sepharose gel in a test tube with each diluted 
serum. The sections and gels then underwent the same 
immunocytochemical staining*. 

Light microscopy showed that neither serum was crossreactive 
with any of the first seven peptides, either on the sections (where 
there was no diminution of staining) or on the gels spread as 
monolayers (where there was no staining). Staining was com- 
pletely quenched in sections treated with the sera absorbed with 
their corresponding peptide. The anti-oxytocin serum did not 
crossreact with either neurophysin. However, as it showed some 
crossreactivity with vasopressin, it was used unabsorbed only 
on tissue from DI rats (genetically deficient in vasopressin) and 
always preabsorbed with Sepharose-vasopressin (10-50 pg ml7! 
diluted serum) for incubation of tissue from normal animals. 
The anti-neurophysin-I serum showed no crossreactivity to 
either vasopressin or oxytocin, but was highly crossreactive to 
neurophysin-II; it was used only on tissue from DI rats. Addi- 
tional conventional staining controls’ on the sections and gels 
all gave negative results. Note that SON neurones contain no 
endogenous peroxidase activity’®. 

After light microscopic observation, blocks containing the 
nucleus were selected from the vibratome sections, osmicated 
and processed as usual for electron microscopy’. Blocks derived 
from control vibratome slices (incubated, for example, with 
preimmune serum or with serum absorbed with its correspond- 
ing peptide) were concomitantly prepared and examined. 

In ultrathin sections of nuclei incubated with either anti- 
oxytocin or anti-neurophysin sera, many neuronal structures 
contained variable amounts of electron-dense immunoprecipi- 
tate; surrounding structures showed no trace of reaction product 
(Figs 1, 2). Such specific staining was never observed in the 
control sections. As expected, in the SON of normal or DI rats, 
most elements immunopositive for oxytocin or neurophysin I 
were somata and dendrites. However, we also found 
immunopositive ‘bouton’-like profiles (Fig ta). Relatively rare, 
they were always located in the dorsal confines of the nucleus. 
When the immunoprecipitate was lightly distributed, it was 
possible to see that such profiles were not dendrites, as they 
contained no trace of rough endoplasmic reticulum or ribo- 
somes, but numerous small clear vesicles, ~50 nm in diameter 
(Figs 1, 2). More infrequently, they also contained dense-cored 
vesicles (Fig. la, b). Several of these immunoreactive terminals 
established synaptic contacts (characterized by pre- and postsy- 
naptic densities, enlarged synaptic clefts and associated clusters 
of vesicles) with dendrites (Fig. 1b, c) and somata (Fig. 2) tha 
were also immunopositive. 

These synapses resemble oxytocin-immunoreactive synapses 
found in extra-hypothalamic areas''. All such terminals are filled 
with small clear vesicles and contain only a few small dense- 
cored vesicles (100-120 nm in diameter). In this respect, they 
differ from ‘classical’ neurosecretory terminals, as in the 
neurohypophysis, which show no synaptic specializations and 
are filled with large dense-cored secretory vesicles (180-200 nm). 
That our polyclonal antibody to oxytocin recognized a molecule 
similar to, yet different from, oxytocin remains a possibility. 
Proof of specificity is a problem in all immunocytochemical 
studies, but our observations do provide strong evidence that 
we have detected terminals containing true oxytocin and not 
some unknown immunoreactive peptide. First, the same type ol 
terminal in the SON stained both for oxytocin and neurophysin 
I, its carrier protein. Second, as the oxytocin antiserum was 
used preabsorbed against Arg-vasopressin and identical staining 













“Fig. 1 Electron micrographs of oxy- 
tocin-immunoreactive terminals con- 
tacting dendrites in the rat SON. The 
tissue had been treated with uranyl 
acetate en bloc, but the sections had 
not been contrasted further, either 

with uranyl or lead. All highly elec- 

tron-dense deposits represent per- 
oxidase reaction product resulting 
from the immunocytochemical stain- 
ing. No detergents were used during 
the immunocytochemical reaction. 
Immunoprecipitate is seen in varying 
amounts (due to variability in 
penetration of the immunoreagents 
or to different concentrations of the 
immunoreactive peptides) in the 
cytoplasm of the terminals 

(asterisks) and dendrites (d). The 

immunopositive endings contain 

numerous small round vesicles and, 


at times, several larger dense-cored vesicles, which unlike the former, are covered with immunoprecipitate (arrows, a, b). In b and c, the 
endings are seen to form synapses (between arrowheads) onto immunopositive dendrites (d). Scale bar, 0.5 wm. 





vas observed in genetically vasopressin-deficient Brattleboro 
ats, the staining was not due to vasopressin. Finally, our sera 
lid not crossreact with a variety of peptides (unrelated to the 
ieurohypophysial peptides) of different amino acid composi- 
ion, on sections or on our immunocytochemical models. 

The striking feature of our observations is that oxytocin- 


mmunoreactive neurones establish synaptic connections 
vetween each other which could be of functional significance 
o the oxytocin system as a whole. During lactation, the whole 
sopulation of oxytocin neurones in the four magnocellular 
tuclei acts synchronously to induce a pulsatile release of hor- 
none before each reflex milk ejection'?. Interconnections 
etween the neurones may permit this synchronization, either 
‘etween oxytocin cells within the same nucleus (oxytocin cells 
ive off axon collaterals in the dorsal area of the SON”) or 
etween cells of the different magnocellular nuclei in the 
‘ypothalamus'*. That the dense-cored vesicles contained in the 
erminals were smaller than those seen in magnocellular 
teurones argues against auto-innervation of the supraoptic 
omata and dendrites. 

The essential question, then, is whether oxytocin is actually 
eleased from these synapses. The small clear vesicles that fill 
rese terminals could store and release a neurotransmitter other 
an oxytocin. However, there is evidence that oxytocin is 
eleased, in a calcium-dependent manner, from isolated mag- 





Fig. 2 Oxytocin-immunoreactive 
synapses onto oxytocinergic somata 
in the rat SON. Such synapses 
(asterisks) are here covered by dense 
deposits of immunoprecipitate, but 
the synaptic specializations are still 
visible (between arrowheads). This 
allows them to be distinguished from 
small immunopositive dendritic pro- 
files (d, a). In a, the soma (S) is also 
heavily labelled whereas in b it con- 
tains only sparse deposits of 
immunoprecipitate. In all electron 
micrographs, note that the surround- 
ing neuropil is completely devoid of 
peroxidase reaction product. Scale 
bar, 0.5 um. 


nocellular nuclei in vitro'. There is also evidence that this peptide 
has an excitatory effect on the activity of the oxytocin neurones 
themselves; in vitro, exogenous oxytocin enhances the local 
release of the peptide’; in vivo, it increases the electrical activity 
of the neurones*® and facilitates the suckling-induced release 
of oxytocin at milk ejection*®. The oxytocin-immunoreactive 
synapses described here impinged on oxytocin cells and thus 
could be the anatomical basis for this facilitatory postsynaptic 
action. The oxytocin system would thus constitute a striking 
example of a peptidergic system that can exert a direct positive 
feedback control on its activity through its own secretion. 

I thank A. Burlet for the anti-oxytocin serum, P. Cohen for 
neurophysin-I and -I], H. Vaudry for CRF and VIP, J. Morris 
for tissue from Brattleboro animals, R. Bonhomme for her 
technical assistance, I. Lefranc for typing the manuscript, S. 
Senon for the photography, and J. D. Vincent, D. Poulain and 
L. I. Larsson for their help and encouragement. The study was 
supported by grants DGRST 82E026 and ATP 959145 CNRS. 
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Interferon was originally described as an antiviral agent produced 
.. Shortly after onset of infection with most viruses’. However, in 
addition to inducing an antiviral state, interferon inhibits cell 
division’, increases the expression of cell-surface antigens’, boosts 
the cytotoxic activity of natural killer (NK) cells** and modulates 
several immune functions of lymphocytes and macrophages” ”. 
Moreover, a special class of interferon (immune interferon or 
IFN-y) is produced by T cells following stimulation with antigen 
or interaction with mitogens'®''. The different methods by which 
interferon is induced and its multiple effects suggest that it may 
be part of a first-line defence system controlling the spread of 
virus infections and the proliferation of modified ‘self’ cells that 
have been affected by virus infection or neoplastic transforma- 
tion'?, The ability of certain human lymphoma cells to activate 
the alternative pathway of complement is well established'™™ "5. 
Here we show that monoclonal antibody-purified interferon can 
amplify the ability of certain tumour cells to activate complement 
via the alternative pathway. This demonstration may reflect an 
additional, as yet unknown, role of interferon in inducing non- 
specific anti-tumour immunity. 

The Epstein-Barr virus (EBV)-carrying Burkitt’s lymphoma 
(BL) line Raji (ref. 16), the EBV-free BL line BJAB (ref. 17) 
and the EBV-converted line BJAB/ B958 (ref. 18) were cultured 
in the presence of affinity-purified human a-interferon (IFN-a). 
Interferon-treated cells and untreated controls were examined 
for their ability to activate the third component of complement 
(C3) using a two-dimensional crossed immunoelectrophoresis 
assay. Human hypogammaglobulinaemic serum (as a source of 
C3) was used throughout and C3 activation was carried out in 
the presence of EGTA and Mg** which blocks classical pathway 
activation but supports alternative pathway activation, or in the 
presence of EDTA which blocks both activation pathways. 

Figure 1 shows that Raji cells cultured in 2,500 U ml”! IFN-a 
activate C3 to a greater extent than untreated control cells 
(38.9% as opposed to 15.7% C3 conversion, respectively). No 
C3 conversion was observed in the presence of EDTA. The 
kinetics of increased alternative pathway activation by inter- 
feron-treated Raji cells is shown in Fig. 2. Increased C3 conver- 
sion was first detected on day 2 of culture. Removal of interferon 
on day 4 resulted in a decreased activation on day 5 and a 
complete reversal of the effect on day 6. Cultures with and 
without inteferon proliferated equally well, as Raji cells are 
resistant to the cell growth inhibitory effect of interferon’. 

The levels of conversion of C3 by several interferon-treated 
lines are summarized in Table 1. Increased C3 conversion was 
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Fig. 1 Alternative pathway C3 activation by interferon-treated 
Raji cells. Cells were cultured for 3 days in RPMI 1640 medium 
containing 10% fetal bovine serum (Gibco) with or without 2,500 
U ml"! IFN-a, which was affinity-purified on a column of mono- 
clonal anti-IFN-a antibodies as described elsewhere’’. To deter- 
mine alternative pathway activation, a human hypogamma- 
globulinaemic serum was made to 0.01M EGTA and 0.001M 
MgCl, (serum/ EGTA-Mg’*) orto 0.01 M EDTA (serum/ EDTA). 
Cells were washed twice, then 10° cells were incubated with 25 ul 
of serum/ EGTA-Mg** or serum/EDTA at 37°C for 30 min. The 
reaction was stopped by adding 25 pl of 0.02 M EDTA and the 
cells were centrifuged. The supernatants were collected and assayed 
for C3 conversion in a two-dimensional crossed immunoelec- 
trophoresis assay as described elsewhere’. The first dimension 
was run in 2% agar (Difco) using Veronal buffer containing 0.01 M 
EDTA (pH 8.6) at 5 mA cm™' for ~3 h. The second dimension was 
run against sheep anti-human C3 antiserum at 5mAcm™ over- 
night. The plates were dried, stained in 0.1% Coomassie brilliant 
blue and destained in methanol/acetone (1:1). The main peak 
represents native C3 and the smaller, faster-migrating peak rep- 
resents the C3b conversion product. Per cent conversion was deter- 
mined by measuring the relative area under the C3b peak. a, Raji 
cells with serum/EDTA (0% conversion); b, interferon-treated 
Raji cells with serum/ EDTA (0% conversion); ¢, Raji cells with 
serum/EGTA-Mg’* (15.7% conversion); d, interferon-treated 
Raji cells with serum/EGTA-Mg** (38.9% conversion). 


detected when Raji cells were treated with either 1,250 or 
2,500 U mi”! of IFN-a. The EBV-free BJAB line and the EBV- 
converted BJAB/B9858 subline also showed increased alterna- 
tive pathway activation following culture with interferon. No 
C3 activation by human peripheral blood lymphocytes (PBL) 
was observed. 

Raji cells which have activated complement become coated 
with C3b on their membranes, which can be detected on the 
cell surface by fluorescein isothiocyanate(FITC)-conjugated 
anti-C3 antibodies’. We therefore examined the amount of C3b 
fixed on interferon-treated Raji cells following alternative path- 
way activation. Cells treated with IFN-a showed an increased 
fluorescence intensity compared with untreated control cells 
(Fig. 3), indicating that interferon also augments the amount of 
membrane-bound C3b on the C3 activating cell. EDTA com- 
pletely blocked the membrane deposition of C3b. 

It is important to exclude the possibility that the increased 
amount of membrane-bound C3b on the C3 activating cells is 
not due simply to an increase in the level of C3b receptor (CRI) 
expression by the interferon-treated cells. To test for a quantita- 
tive increase in CRI, both Raji cells and interferon-treated Raji 
cells (IFN-Raji) were incubated in fluid-phase C3b (generated 
by zymosan treatment of serum), then the cells were washed 
and stained with FITC-conjugated anti-human C3. This method 
allows the detection of CRI as C3b has lost its metastable 
binding site and can bind only to the receptors. The fluorescence- 
activated cell sorting (FACS) profiles for Raji and IFN~Raji 
were essentially identical (data not shown), proving that inter- 
feron does not affect CRI expression. The mean fluorescence 
intensity for Raji cells was 35.72 + 0.40 and 79.6% of cells were 
positive: the corresponding values for interferon-treated Raj 
cells were 36.07+0.40 and 80.1%. 
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Fig. 2 Kinetics of acquisition and reversibility of increased 

alternative pathway C3 activation by interferon-treated Raji cells. 

Cells were cultured in medium containing 2,500 U mi~! IFN-a. 

IFN-a was removed from the culture at day 4 and the cells were 

cultured for an additional 2 days. The cells were assayed daily for 
C3 conversion as described in Fig. 1 legend. 


To further exclude the possibility that C3b was bound only 
to cell membrane-associated CRI receptors in the above experi- 
ments in which C3 was detected on the membrane after activa- 
tion, both the Raji and IFN-Raji cells were checked by immune 

adherence using CR1-bearing erythrocytes. By this assay, 85% 
of Raji cells were shown to be immune adherence-positive 
compared with 89% after interferon treatment. However, this 
‚assay detects only qualitative and not quantitative changes in 
the amount of C3b bound and as Raji cells activate complement, 
albeit at a lower level, most of the cells are immune adherence- 
positive after incubation in serum under activating conditions 
even before interferon treatment. 

Thus, it seems that interferon can augment the ability of 
certain tumour cells to activate and fix autologous C3. Previous 
studies have established that alternative pathway activation by 
EBV-transformed human B lymphoma cells is antibody-indep- 
dent’™?®, This type of activation may be part of a nonspecific 
mechanism by which altered self cells are being controlled and 
eliminated. Fixation of C3b by cells activating the alternative 
pathway can lead to subsequent activation of the terminal path- 
way and hence elimination by the reticuloendothelial system. 
Augmentation of alternative pathway activation is also known 


O EE NES ner reernmnenerierereni 
Table 1 Effect of IFN-a on alternative pathway C3 conversion by 
several BL cell lines and PBL 





Cells IFN (U m`’) % C3 conversion* 
Raji — 15.7, 16.4, 14.8 
1,250 36.0, 34.8, 37.0 
2,500 38.9, 38.4, 33.2 
BJAB — 0, 3.4 
1,250 22.7, 18.3 
2,500 26.1, 17.6 
BJAB/ B958 — 9.4, 13.5 
1,250 19.0, 23.9 
2,500 23.5, 27.7 
PBL — 0, 0 
1,250 0, 0 
2,500 0, 0 


Cells were cultured with or without IFN-a for 3 days, then tested 
for C3 conversion as described in Fig. | legend. PBL, peripheral blood 
lymphocytes obtained from heparinized blood and separated on a 
Ficoll-Hypaque gradient. 

* Results of individual experiments. 
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Fig. 3 Cytofluorimetric analysis of C3b fixation on Raji cells. a, 
Raji with serum/EDTA; b, interferon-treated Raji with 
serum/EDTA; c, Raji with serum/EGTA-Mg°*; d, interferon: 
treated Raji with serum/EGTA-Mg*". Cells cultured for 3 days 
with or without 2,500 U ml”! IFN-a@ were incubated with either 
serum/EGTA-Mg"* or serum/EDTA (30 min at 37°C) followed 
by FITC-conjugated goat anti-human C3(Btc/Bla) antibodies 
(Hyland Laboratories, Los Angeles) at 4 °C for 30 min. After each 
treatment the cells were washed twice and finally resuspended and ~ 
analysed in a flow cytometer (FACS II; Becton-Dickinson) for 
fluorescence intensity profiles. j 


to occur following infection of cells by murine leukaemia 
viruses”! or by EBV”. As. viral infections of cells result in 
interferon production, it is interesting to speculate that the 
increased C3 conversion is actually mediated by interferon. In 
this regard, Table 1 shows that although non-interferon-treated 
EBV-transformed BJAB/B958 cells produce greater activation. 
than EBV-negative BJAB, as has been described previously”, 
the difference between the lines is not apparent after interferon 
treatment. Another question of interest is the relationship 
between the phenomenon described here and the ability. of 
interferon to modulate NK activity and sensitivity’, and to what 
extent complement and complement activation may participate 
in the NK lytic event. These questions merit further study. 
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Expression of receptors for sheep red blood cells and the ability 
to proliferate in response to phytohaemagglutinin (PHA) are the 
traditional properties of human T cells'”, but the function of the 
sheep red cell receptor (the T11 antigen) is controversial** and 
the mechanism of PHA-induced mitogenesis unclear. Mitogenesis 
involves a complex series of cell-mediated and factor-dependent 
interactions, but a rise in intracellular free calcium concentration, 
{Ca?*], seems to be an important primary event in T-cell 
activation®-’. We have now investigated the effects of three mono- 
clonal antibodies, previously shown to inhibit mitogen-induced 
proliferation™*”, on T-cell [Ca?*],. We find that anti-LFA-2 and 
OKT11, which react with the sheep red cell receptor®'°, have no 
effect on [Ca’*],, nor do they inhibit the rise in [Ca**], induced by 
concanavalin A (Con A) or the mitogenic anti-T3 monoclonal anti- 
body UCHTI (ref. 11). They do, however, block PHA-induced 
Ca** mobilization. Anti-LFA-1, which reacts with the lymphocyte 
function-associated antigen*’”, has no effect on intracellular Ca?*. 
These studies suggest that the sheep red blood cell receptor is an 
activation pathway for T cells and that the effects of PHA are 
mediated through this pathway. 

We have shown previously that Con A and PHA produce a 
rise in [Ca?*], within 2-3 min of addition’. Similar effects can 
be induced in T cells or T-cell lines by monoclonal antibodies 
to the T3-antigen receptor complex'*'*, and there is considerable 
evidence that this complex is an important pathway for T-cell 
activation (for a review see ref. 15). Induction of a rise in [Cat]; 
by Con A, PHA and anti-T3 antibodies requires extracellular 
Ca** and can be reversibly blocked by the addition of EGTA 
to the extracellular fluid (data not shown). Although this sug- 
gests that there is an influx of Ca** across the cell membrane, 
a Ca’*-dependent mechanism leading to the release of Ca’* 
from intracellular stores cannot be excluded and the term Ca?* 
mobilization is thus used here. 

Neither anti-LFA-1 nor anti-LFA-2 or OKT11 stimulated an 
increase in [Ca’*], during the 10-min observation period, when 
added at various concentrations determined by indirect 
immunofluorescence to be fully saturating. We have demon- 
strated previously that one T-cell mitogen, the monoclonal anti- 
body WT-31, requires crosslinking to stimulate Ca?* mobiliz- 
ation in cloned T cells'*, but investigation of the effect of 
crosslinking with anti-immunoglobulin after binding of each of 
these antibodies revealed no effect on [Ca*], (data not shown). 
Fully saturating or higher concentrations of the control anti- 
bodies 2A1 (anti- HLA-A, B, C)'® and anti-Hle-1 (anti-common 
leukocyte antigen)'’ also failed to produce a rise in [Ca**],, 
either when added alone or when subsequently crosslinked. 

In ail these experiments, binding of any of the above anti- 
bodies (with or without crosslinking) did not prevent the cells 
responding normally to Con A or UCHTI when either mitogen 
was added subsequently. The kinetics and magnitude of these 
responses were identical with those of T cells treated with 
mitogen alone (Fig. 1). 

The binding of anti-LFA-1 or the control antibodies had no 
effect on the ability of PHA to elicit Ca?” mobilization in T 
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Fig. 1 Response of T cells to anti-LFA-1 (a), anti-LFA-2 (b), 
OKTI! {c} and UCHTI. T cells were prepared from peripheral 
blood mononuclear cells as described previously'*. Cells ( 10’) were 
incubated at 37 °C with 15 uM Quin 2AM (Amersham) in RPMI 
1640 (Gibco) for 60 min with a fivefold dilution after 20 min. They 
were washed twice and re-suspended in a buffered saline solution'* 
before fluorescence measurements. Quin 2 fluorescence was 
measured on a standard fluorimeter (Locarte, London) using an 
excitation wavelength of 339 nm and measurement of emission at 
492 nm. Cuvettes were kept at 37°C and cell suspensions were 
continuously stirred during fluorescence measurements. OKT1! 
was obtained from Ortho Diagnostic Systems. All antibodies were 
used at greater than saturating concentrations, as shown by indirect 
immunofiuorescence staining and flow cytometric analysis on a 
FACS-IV (Becton Dickinson). Affinity-purified rabbit anti-mouse 
IgG (heavy and light chains) was obtained from Zymed 
Laboratories, San Francisco. Concanavalin A (Con A, Miles- Yeda) 
was used at a concentration of 20 pg ml~', which was found to be 
optimal for proliferation and the ability to stimulate maximum 
Ca** mobilization. Neither anti-LFA-1 (trace a), anti-LFA-2 (trace 
b) nor OKT1! (trace c) induce Ca** mobilization either when 
added alone or when subsequently crosslinked (data not shown). 
UCHTI (or Con A, not shown) could still induce Ca** mobilization 

normally after addition of any of these agents. 


cells, nor did crosslinking of these antibodies on the cell surface 
have any effect on subsequent stimulation with PHA. 

Although anti-LFA-2 and OKTI1 binding, with or without 
crosslinking, had no effect on Con A or UCHTI stimulation of 
T cells (Fig. 1), the ability of PHA to stimulate Ca** mobilization 
was markedly reduced by the prior binding of these antibodies 
(Table 1, Fig. 2). This phenomenon was dose-dependent. A 
1:800 dilution had no inhibitory effect on PHA stimulation; 
successively increasing concentrations of anti-LFA-2 had greater 
effect and a 1:100 dilution completely abrogated the PHA 
response. This inhibitory effect was specific for PHA, as [Ca**], 
increased normally in response to subsequent UCHT! or Con 
A. Responses to concentrations of Con A or UCHTI which 
induced suboptimal Ca** mobilization were also unaffected by 
prior treatment with anti-T11 antibody. The T-cell lines HUT 
78 (ref. 18) and HPB-ALL (ref. 19) also showed anti-LFA-2 
induced blockade of PHA-induced Ca** mobilization (data not 
shown). 

Our finding that anti-LFA-1 has no effect on the ability of 
Con A, PHA or UCHT]! to elicit an increase in [Ca?"], in either 
peripheral blood T-cells or the T-cell lines HUT78 and HPB- 
ALL indicates that the antibody prevents proliferation by a 
mechanism not involving early Ca** mobilization. It has been 
shown that anti-LFA-1 and anti-LFA-2 inhibit interaction 
between cytotoxic T lymphocytes and target cells*, and similar 
cell-contact inhibition between T cells and accessory cells may 
account for the inhibition observed with anti-LFA-1. 

We have shown previously that T cells from a proportion of 
normal individuals do not undergo a proliferative response to 
igGi anti-T3 antibodies and yet exhibit a normal [Ca**], rise 
to UCHT1"*. The observation that anti-LFA-1 antibody does 
not block Ca** mobilization, but inhibits proliferation®, confirms 
the finding that a rise in [Ca**], alone is not sufficient to induce 
proliferation; secondary signals probably provided by T- 
cell/accessory cell and T-cell/T-cell interactions are also 
required. Note that the conditions used to measure [Ca**], are 
such that cell interaction is minimal’. Furthermore, the aug- 
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Fig. 2 Response to PHA (a) after addition of anti-LFA-1 (b), 
anti-LFA-2 (c) and OKT11 (d). Quin 2-loaded T cells were treated 
with 2 pg ml’ of purified phytohaemagglutinin (PHA, Wellcome) 
which was the concentration found to stimulate maximal prolifer- 
ation and Ca®* mobilization. Trace a shows a normal PHA 
response, Subsequent UCHT1 addition had no further effect. Trace 
b shows that pretreatment of cells with anti-LFA-1 had no effect 
on the subsequent PHA response. Traces c and d show that 
pretreatment of T cells with anti-LFA-2 or OKT11 abrogated Ca** 
mobilization to PHA but not the ability of UCHTI to stimulate a 
subsequent response. Con A produced similar results if substituted 
for UCHTI in these experiments (data not shown). 


mentation of proliferation induced by phorbol myristate acetate 
(PMA) and interleukin-2 do not involve early Ca? mobiliz- 
ation”, 

Palacios and Martinez-Maza showed that OKT11A, an anti- 
body to the sheep red cell receptor, blocked proliferation 
induced by antigen, Con A, OKT3 and the calcium ionophore 
A23187, but not by PMA®. As PMA apparently induces prolifer- 
ation through a Ca’*-independent pathway’, they postulated 
that the sheep red cell receptor is a ‘negative signal receptor’, 
and that antibodies to this molecule prevent Ca?* mobilization 
on subsequent stimulation. The present study shows clearly, 
however, that the anti-T11 antibodies (anti-LFA-2 and OKT11) 
do not prevent the cells from mobilizing Ca’* normally on 
addition of Con A or the anti-T3 antibody UCHT1 (Fig. 2, Table 
1). Inhibition of these proliferative responses may again be at 
the accessory cell level. The anti-T11 antibodies do, however, 
markedly suppress the Ca** response to subsequent PHA addi- 
tion (Fig. 2, Table 1). This binding of antibody to the T11 
receptor followed by PHA addition does not prevent either 
UCHTI or Con A from mobilizing Ca?* (Fig. 2), indicating that 
the T11 antigen is not a general negative signal receptor. A more 
likely explanation is that PHA stimulates T cells via the T11 
antigen, resulting in Ca** mobilization and ultimately prolifer- 
ation, and that PHA interaction with this molecule is blocked 
by some anti-T11 antibodies. 

These findings agree with the recent work of Meuer et al’, 
who propose that the T11 antigen represents an alternative 
pathway of T-cell activation. These workers have identified three 





Table1 Rise in [Ca**], on addition of mitogens, expressed as a percen- 
tage of resting [Ca**], 





Prior incubation Mitogen Rise in [Ca**], n 

m PHA 70.5 +26% 14 

— UCHTI 64.9 + 26% 7 

Anti-LFA-2 PHA 8.5+8.3% 13 

Anti-LFA-2 PHA+ 66.2+25% 14 
UCHT1 





[{Ca**], was determined using the Triton X-100/ DTPA/ MnCl, calibra- 
tion technique described previously'*. Resting [Ca?*], was determined 
to be 115 nM +45 (s.d.) (n = 13). Post-stimulation [Ca’*], was measured 
4 min after addition of mitogen. 









distinct epitopes on the sheep red cell receptor which they h 
named T11,, Tii, and T11;. T11, is the sheep red cell binding 
site and both the T11, and TIl, epitopes are present on all T 
cells. Til}, however, is expressed only after T-cell activation: 
Proliferation requires binding of both TIl, and Til, epitopes: 
by monoclonal antibodies. We suggest that PHA binds to the 
TII molecule, including the T11, epitope, and in doing so, 
produces a conformational change necessary to expose the TET; 
site. PHA then binds to this epitope, resulting in Ca’* mobiliz- 
ation and ultimately proliferation. This explains why the anti- 
bodies to the sheep red cell receptor binding site block. PHA 
responses and do not themselves cause the Ca”* mobilization 
observed with antibodies to the T3 complex. 
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ation of the manuscript. 
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B lymphocytes may switch from producing an immunoglobulin 
heavy chain of the yw class to that of the y, £ or æ class’*. To 
maintain the specificity, the new heavy chain must keep the original 
variable (V) region; this is achieved by deleting DNA sequences 
so that the V (consisting of joined V,,, diversity (D,,) and joining 
(Jy) gene segments) and C (constant) gene segments coding for 
the new heavy chain are brought into close proximity (reviewed in 
ref. 5; we do not consider here the 4-6 situation). There are, in 
principle, three types of chromosomal rearrangements that yield 
a deletion: (1) rearrangement within a chromatid; (2) unequal 
sister chromatid exchange (as suggested by Obata et al.*); and 
(3) unequal recombination between chromosomal homologues. We 
have analysed the arrangement of C, DNA in clones of the 
pre-B-cell line 18-81 that switches in vitro from u to y2b (ref. 
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7). The clones examined produce either u, y2b or no 
immunoglobulin chain. We report here that all the y2b clones 
had lost at least one copy of C, and no clones contained three 
copies of C,,. These findings formally exclude both unequal sister 
chromatid exchange and recombination between homologues as 
mechanisms for creating a gene encoding the y2b chain. 

Figure | shows an unequal sister chromatid exchange mechan- 
ism and the predicted genotypes of the progeny cells which 
would be produced in cell line 18-81. The two different V alleles 
of 18-81 are designated V2 and V3 because they contain J2 
and J3, respectively*’. The silent allele is V2, the active V3 
(refs 7, 8). Two new types of cells are generated: y2b cells 
containing only one C, gene segment located on the silent 
homologue and in close proximity to V2, and an equivalent 
number of segregant cells containing three C, gene segments. 
Two of the C, segments are located on the productive 
homologue, with one connected to V3 and the other to no V; 
one C, is located on the silent homologue and is connected to 
V2. As the gene for u production is unaltered, these cells should 
continue to produce u chain. 

Recombination between homologues as a mechanism for 
switching of heavy-chain class production has already been 
excluded at the cellular level’®, and also in vivo by the fact that 
the V- and C-region allotypes of a given immunoglobulin 
molecule are generally both encoded by one homologue’ ™™. In 
its simplest form, recombination would generate three new types 
of cells of equal frequency: y2b cells containing one C,, y2b 
cells containing two C, segments on the silent homologue and 
u cells containing three C, segments. In the cell line A3, derived 
from 18-81 and switching from u to y2b in vitro, there are no 
y2b cells containing two C,, segments’, excluding recombination 
between homologues as the mechanism of the switch in vitro. 

As unequal sister chromatid exchange would produce 
segregant cells containing three copies of C,,, in numbers equal 
to the y2b cells, and as there is no obvious reason why these 
cells should not be viable, they should be found in the population 
of a clone in which some cells have switched from u to y2b 
production. Of 103 subclones of clone A3 analysed, three pro- 
duced no immunoglobulin chain, 91 produced u and nine 
produced y2b. At least seven of the nine y2b clones should 
have resulted from independent switching events, because on 
Southern blot analysis, both Xbal and BamHI restriction frag- 
ments containing the active V3 region (restriction map given in 
Fig. 2) and SacI restriction fragments containing part of the 
Cy» are of different sizes (XbaI fragments in Fig. 3a). We 
believe that the difference in size is caused by switch rearrange- 
ments at different sites. 

As nine of the 103 subclones produced y2b, one would expect 
to find nine subclones containing three copies of C,, if unequal 
sister chromatid exchange produced the switch in heavy chain 
class. We screened for an additional C, on the active (or silent) 
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Fig. 1 Diagram of chromatid segregation in the unequal sister 
chromatid exchange model of the heavy-chain class switch. After 
recombination, the two sister chromatids of the metaphase chromo- 
some (in the centre) are pulled apart at their centromeres. The two 
segregants (shown above and below the metaphase chromosome) 
are distributed to the daughter cells. The point of exchange is 
marked by X. 
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Fig. 2 Restriction map of the V3 allele in line A3 before the 

heavy-chain class switch. There is a 5.4-kilobase (kb) deletion in 

the J,,-C,, intron including two Xbal sites and the Bell site. The 
two BgllI sites indicated are more than 20 kb apart. 


oom yw 

i) 
a agron B 
Guayana v 
LLL LLL LLX 





Xbal J3 probe 


b OTON 
ge Ssp 55882 8 
Gy 909090 yanyu V 
LL ÍÍÍ ÍÍÍ Í ¥ 

V2 — 

V3- 





Bell H probe 


Fig. 3 Southern blot analysis of DNA of y2b-producing (a) and 
“-producing (b) subclones of line A3. a, Xbal digests of DNA of 
y2b-producing subclones were hybridized with a J3 probe’. The 
bands representing the V3 alleles are of different lengths in different 
clones. The V-region segments and the sequences 5’ to them are 
identical (not shown). Procedures were as described previously’. 
b, Bcll digests of DNAs from «-producing subclones were hybrid- 
ized with a C, cDNA probe’. 











mes BamHI, Bcll and Bgl; these enzymes create fragments 
-containing both J3 and C, sequences in clone A3 (Fig. 2). 
Because of the recombination, the additional C,, on the active 
homologue should be found on restriction fragments that differ 
in size from the J3-C,, fragment in clone A3 and should not 
hybridize with a J3 probe. Figure 3b shows an example of the 
analysis using Bell and a C, probe; in no case did we find an 
additional C,, gene segment. The probability that we would pick 
“nine y2b subclones before finding a subclone with an extra C,„ 
segment is (1/2)? = 1/512. In a formal sense, this excludes the 
model of sister chromatid exchange as a means of switching of 
heavy-chain class. 
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We are aware of the possibility that, for unknows reasons, 
the additional C,, may have been lost, but that, of course, would i 
require an addition to the model. It is also possible that the 
mechanism of switching in vivo is different from that in a 
transformed line in vitro. Despite these reservations, however, 
we conclude that the deletion produced by the rearrangement 
of DNA is due neither to an unequal sister chromatid exchange 
as presented in Fig. 1 nor to unequal recombination. between 
homologues. 
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Adult intestinal epithelium consists of a sheet of single-cell thick- 
ness which is morphologically highly organized into tubular invagi- 
nations (crypts) and finger-like projections (villi). Proliferation of 
the cells is confined to the base of the crypts, from which cells 
migrate to the villi, where they are shed’. The villi are formed 
during embryogenesis from a multilayered epithelium”. In mice, 
crypts develop at about the time of birth from the epithelium 
between the villi, which by this stage is no longer multilayered. 
So far it has remained unknown how many progenitor cells con- 
tribute to each crypt, and whether they develop by the proliferation 
of already committed progenitors, or as a result of local inductive 
tissue interactions. Here, we have used mouse aggregation 
chimaeras as an experimental system to demonstrate immunohis- 
tochemically that the epithelium of individual crypts in small and 
large intestine of adult mice is always composed of cells of a single 
parental type. We have confirmed that this result is not an artefact 
of the chimaeric system by examining female mice that are mosaic 
for the X-linked alleles Pgk-1° and Pgk-1*. We conclude that the 
epithelium of each adult crypt is derived from a single progenitor 
cell. 

Mouse embryo aggregation chimaeras were prepared at the 
MRC Laboratories, Carshalton, as described previously*. The 
mosaic cell populations in the intestinal epithelium of the 
chimaeras were demonstrated using H-2 antigens** and a car- 
bohydrate polymorphism recognized by Dolichos biflorus 
agglutinin (DBA)* as markers. Table 1 shows the distribution 
of these markers in the strains used to construct the chimaeras. 
Representative areas of chimaeric small intestine stained with 
each marker are illustrated in Fig. 1a,b. H-2 antigens and DBA- 
binding sites are expressed in columnar epithelial cells, goblet 





cells and Paneth cells. It is impossible, however, to ascertain at 
light. microscope level whether these markers are also present 
in enteroendocrine cells, which comprise ~ 1% of the epithelial 
population. Figure 1c,d shows that corresponding mosaic pat- 
ches are revealed by the H-2 and DBA markers in adjacent 
sections of colonic epithelium from CBA<CS7BL/6 (H-2*, 
DBA™~ e H-2”, DBA*) chimaeras. We conclude that each of 
these markers accurately reflects the cellular genotype. 

We examined histological sections of the small intestine and 
colon in 99 tissue samples from 34 chimaeras prepared from 
five different combinations of the strains listed in Table 1, 
including four of the congeneic B10.A< B10-cc combination 
(mice were between 6 and 36 weeks old). In 55 samples from 
21 chimaeras, the chimaeric components were ‘balanced’, that 
is, each genotype was estimated to contribute at least 25% of 
the epithelium. Crypts lying within a patch of epithelium of a 
single parental type would be expected to be homogeneously 
stained whether they arose from one or more cells; but at the 
border between patches of differing parental type, mixed crypts 
would be expected if they had been derived from more than 
one cell. Despite extensive patch boundaries within the tissue 
(Fig. 2), we found that in each chimaera, individual intestinal 
crypts were consistently composed of epithelial cells of only 
one parental type. In material estimated to comprise over 10° 
crypts in ‘balanced’ chimaeric tissue samples, we have not 








Table 1 Reactivity of inbred mouse strains with polymorphic markers 
Reactivity 
with anti-H-2 DBA binding 
monoclonal by intestinal 
Strain antibodies* epithelium? 
CS7BL/6JLac (B6) b + 
C57B10.A (B10.A) k + 
CS7BL/ 10ScSnLac-cc b + 
{B10-cc) 
CBA/CaLac (CBA) k Distal colon 
C3H/Bi (C3H) k + í negative 
RIH/ Lac-ro (RHD k — 
DDK b — 





* H-2”, antibody FT6a9 (ref. 5); H-2*, antibody 11.4-1 {refs 5,9). 
For immunohistochemical methods, see ref. 5. 

+ DBA has specificity for terminal non-reducing N-acetylgalac- 
tosamine residues®!®. 





Fig. 1 DBA-binding sites and H-2 
antigens as markers of chimaerism in 
intestinal epithelium. a, DBA stain- 
ing. A longitudinal section of crypts 
(to the left of the micrograph) and 
villi (to the right) in chimaeric 
RIH<*B6 small intestine (x154). 
The arrow indicates the crypt/villus 
junction. Methacarn-fixed, paraffin- 
embedded 4-um section. After block- 
ing of endogenous peroxidase with 
0.1% phenylhydrazine-HCl, the sec- 
tion was incubated with DBA- 




















peroxidase conjugate in phosphate- 
buffered saline (PBS) for | h at room 
temperature, peroxidase-stained 
with diaminobenzidine, then 
counterstained with haemalum. The 
section was photographed on Ilford 
Pan-F film with a green filter (for 
details of method, see ref. 6). B6 epi- 
thelium (DBA*) appears black; RHI 
epithelium (DBA) is unstained. In 
B6 epithelium, Paneth cells (P), 
goblet cells (G) and columnar epi- 
thelial cells (C) are all stained; the 
DBA-binding sites are present on 
cell membranes, mucin, Paneth 
cell granules, and in the cytoplasm, 



















especially on the Golgi apparatus. Isolated DBA-positive cells seen in the unstained crypts are RHI endothelial cells (E). Fibroblasts and 
lymphocytes of neither strain bind DBA. A control section of chimaeric intestine (not shown) incubated with DBA-peroxidase conjugate in 
the presence of 2% N-acetylgalactosamine showed no staining, indicating that the DBA binding is specific. b, H-2 staining. Oblique section 
of crypts (to the left) and villi (to the right) in chimaeric CBA (H~2")<+B6 (H-2") small intestine (130.9); 4-4.m cryostat section, fixed in 
paraformaldehyde/lysine/ periodate (PLP)°. H-2° antigens were demonstrated using antibody FT6a9(monoclonal anti-H-2°)-peroxidase 
conjugate; sections were stained and photographed as described for a. For details of method see refs 4, 5. B6 tissues, including epithelium 
and cells in the lamina propria, are stained. In this section two CBA crypts and CBA contributions to villus epithelium are unstained (+). 
Note that several villi, all cut in oblique section, are ‘mixed’; they bear both stained and unstained epithelium, resulting from contributions 
to the villus from both H-2” and H-2* crypts. A reciprocal pattern (not shown) was obtained with anti-H-2* antisera‘, Sections of non-chimaeric 
B6 and CBA small intestine were present on the same slide as the chimaeric tissue in every experiment to provide a control for the specificity 
of H-2 staining". c,d, Comparison of patches of CBA and B6 crypts in cross-section, visualized by DBA (c) and H-2 (d) staining. Distal 
colon of CBA (H-2*, DBA”) B6 (H-2°, DBA*) chimaera; adjacent 4m cryostat sections, fixed in PLP (x96). Methods as for a. 
DBA-peroxidase conjugate was used in c. B6 crypts are stained (the dark spots in the unstained area are mast cells, containing residual 
endogenous peroxidase). For d, 11.4-1 (anti-H-2‘)-alkaline phosphatase conjugate was used. CBA crypts are stained. Reciprocal (B6, CBA} 
mosaic patches are stained by each marker. Double staining of each genotype in a single section confirms that the patches are identical, but 


it is not shown here because of the difficulty of reproduction. 


observed a single mixed crypt. (In contrast, mixed villi, resulting 
from the contribution of cells from more than one crypt to a 
single villus, are very numerous; see, for example, Fig. 1b.) 

These observations suggest that the epithelium of each crypt 
is derived from a single progenitor cell. Before this can be 
accepted, however, several possibilities must be considered. It 
might be argued that, in aggregation chimaeras, strain differen- 
ces would prevent the successful cooperation of progenitor cells 
of different parental type in forming a crypt. Therefore, we 
analysed individual colonic crypts of young adult female mice 
heterozygous for the X-linked alleles Pgk-1° and Pgk-1° and 
hence mosaic, due to random X-chromosome inactivation, for 
cells producing the variant electrophoretic isoenzymes, PGK-1A 
and PGK-1B (phosphoglycerate kinase, EC 2.7.2.3)’; the results 
of the electrophoretic analysis are shown in Fig. 3. Of 312 crypts 
dissected from the colon, 276 gave a band in the gel: 120 
exhibited PGK-1A and 156 PGK-IB. As in the aggregation 
chimaeras, no mixed crypts were seen. Thus, our observations 
are unlikely to result from strain differences in the chimaeric 
system. 

The process of crypt formation can be considered as a samp- 
ling of a number of progenitor cells from the neonatal intestinal 
epithelium. If the patches were very large in neonatal intestine 
at the time of crypt formation, samples which lay across a 
boundary and gave rise to mixed crypts might be so rare that 
we would have missed them. To examine this possibility, we 
estimated the patch size in neonatal intestinal epithelium and 
calculated the proportion of mixed crypts which would be 
expected (see Fig. 2 legend). Our calculations indicate that in 


transects of intestinal epithelium at the time of crypt formation, 
patch boundaries would be expected to occur, on average, once 
in every 35 cells. If two cells are required to form a crypt, 
approximately one crypt in 35 should be ‘mixed’. The chance 
that we would have failed to include a single mixed crypt in 
the 276 crypts sampled in the electrophoretic analysis of PGK 
mosaic mice, when mixed crypts are present in a proportion of 
1 in 35, is (34/35)°"°=3.3x107*. For the many thousands of 
crypts sampled immunohistochemically in the aggregation 
chimaeras, the probability that we would have missed this pro- 
portion of mixed crypts is even less: for a sample of 1,000 crypts, 
<1x10°'*. The failure to detect mixed crypts cannot, therefore, 
be explained by a lack of sufficient patch boundaries in chimaeric 
or mosaic intestine. 

The appearance of monoclonal crypts might be obtained even 
though several progenitor cells were present in the crypt, if these 
progenitors were used as stem cells in rotation, so that the crypt 
epithelium at any one time was derived from only one of them. 
We consider this possibility unlikely, for two reasons. First, 
inactive progenitor cells of opposite genotypes would have 
remained undetected in our material only if they expressed 
neither H-2 antigens nor the DBA-binding site. In sections of 
normal intestine there is no evidence of a stem cell population 
which fails to express these markers. Second, such a scheme 
would predict the occurrence of an occasional crypt in which 
the differentiated epithelial cells above the basal stem cell zone 
are mixed, reflecting the succession of one clonal population 
by another of opposite genotype. Such mixed crypts would be 
tare, but we have not observed any. 





Fig. 2 Patches of crypts in chimaeric colonic epithelium. The 
section shows a sheet of colonic mucosa from a 6-week old RII 
B6 chimaera. Scale bar, | mm. The mucosa was dissected free of 
the muscles of the gut wall, pinned flat, fixed overnight in 10% 
buffered formol saline, then incubated for 30 min in phenylhy- 
drazine-HCl to block endogenous peroxidase, followed by aver- 
night incubation at 4°C with DBA-peroxidase conjugate'!. Stain- 
ing for peroxidase was as described in Fig. 1 legend. The sheet is 
viewed from the abluminal side: each darkly-stained dot is the 
base of a B6 crypt. RIII crypts are not stained. RIII blood vessels 
bind DBA-peroxidase conjugate and therefore are stained. V, RIH 
blood vessel; P, patch of B6 crypts. The frequency of patch boun- 
daries in neonatal colonic epithelium and between villi in neonatal 
small intestinal epithelium was estimated by reconstruction: the 
number of patch boundaries in simulated transects of intestine 
from photographs of mucosal sheets such as that illustrated, was 
divided into the number of epithelial cells in the crypt-forming 
intervillus or colonic epithelium in transverse histological sections 
of corresponding regions of intestine from normal (non-chimaeric) 
neonatal mice. The measurement of numbers of patch boundaries 
in adult intestinal sheets is justified because the three-dimensional 
structure of the mucosa will prevent mixing once crypts are formed, 
and the number (though not the size) of patches will thus be 
expected to remain constant during growth of the intestine. Sixty- 
six simulated transects of sheets of chimaeric colon from four 
chimaeras (two approximately balanced 50:50, two 75:25) gave 
15.1+3.7 (mean +s.d.) patch boundaries per transect, while trans- 
verse sections of mid-colon of 10 normal mice between | and 3 
days old contained 525+ 181 epithelial cells, giving an average of 
one patch boundary per 35 cells. Corresponding measurements for 
24 transects of small intestine were 14.5 + 3.7 boundaries in 445 + 38 
cells, giving one patch boundary in 31 cells. (Because of the 
irregular shapes and sizes of the clones which are the basic units 
of the mosaic pattern'?, we could not apply the analysis described 
by Hutchinson’? to determine the proportion of mixed samples 
expected from sampling a mosaic composed of regular units.) 


Therefore, the most probable interpretation of our findings 
is that the epithelium of each adult crypt in chimaeras and in 
normal mice is descended from a single progenitor cell. Because 
we have not proved that enteroendocrine cells express the 
chimaeric markers, we cannot be certain that they share the 
same lineage, but indirect evidence for this exists®. The single 
progenitor may, of course, give rise to several stem cells respon- 
sible for cell renewal in the fully formed crypt. 

Our results do not exclude the possibility that each crypt 
originally receives contributions from several progenitors at the 
time of crypt formation, but that the progeny of one always 
displaces the others in early postnatal life. Information on this 
point will be obtained from examination of crypts in neonatal 
chimaeric intestine: mixed crypts in neonatal intestine would 
suggest formation from multiple progenitors, whereas mono- 
clonal crypts would suggest a single progenitor from the outset. 
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Fig.3 Analysis of individual colonic crypts from PGK-1A/PGK- 
1B mosaic mice. The figure shows a representative gel from an 
analysis of 312 isolated colonic crypts (see below). The gel contains 
two rows of samples, upper and lower. The left-hand slot in each 
row contains a blood sample (PGK-1A/PGK-1IB 50:50). The 
remaining four slots in each row each contain a single crypt sample, 
corresponding to either PGK-1A (six crypts) or PGK-1B (two 
crypts): none is mixed. Titration against known dilutions of a 
standard PGK-1A liver sample indicated that a contribution of a 
minority PGK type to a crypt would be detectable in this assay if 
it represented at least 3 of the total, or ~40 cells. 

Methods. Female mice heterozygous for the X-linked variant elec- 
trophoretic isoenzymes, PGK-1A and PGK-1B, were obtained from 
a mating between females homozygous for Pgk-!°, and Pgk-1¢ 
males’. Two 6-week-old females were killed by cervical dislocation, 
and a length (2cm) of descending colon dissected out, flushed 
with PBS, opened longitudinally and incubated in EDTA 
(7.5 mg ml”! in PBI buffer'*, pH 8.2) at 37 °C for 1 h to loosen the 
attachment between the epithelium and underlying tissue. The 
colon was then transferred to ice-cold PBI for dissection. Pieces 
of epithelium containing between 10 and 100 crypts were isolated 
from different areas of the colon, dissected free and transferred to 
a watch-glass in cold PBI. Clumps were separated by gentle pipet- 
ting, and single crypts were taken up and sealed in microcapillaries 
in | ul PBI for electrophoretic analysis. The crypts were freeze- 
thawed three times in liquid nitrogen, centrifuged, and super- 
natants analysed by Cellogel electrophoresis by the method of 
Bucher et al.'*. The failure of 36/312 (11.5%) of the dissected 
crypts to give a band in the gel was caused by the occasional 

adherence of a crypt to the microcapillary wall. 
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The commonly accepted hypothesis explaining the control of ske- 
letal muscle differentiation is that all myogenic precursor cells 
are equivalent and that they differentiate into post-mitotic muscle 
cells in response to exogenous signals, specifically low mitogen 
concentrations'*, Large clones derived from vertebrate myogenic 
cells, however, consist both of cycling precursors and of terminally 
differentiated, post-mitotic muscle cells*-’. Here, we count the 
total number of cells and the number of terminally differentiated 
cells (or nuclei, in fused cells) in large myogenic clones. The 
number of terminally differentiated cells per clone was usually 
equal to or just below a multiple of 16. This finding is not expected 
from a model postulating a homogeneous population of muscle 
precursor cells. Rather, our results suggest that a self-renewing 
stem cell exists in the skeletal muscle lineage. This cell can 
generate committed precursors which then give rise to cohorts of 
16 terminally differentiated muscle cells. This model of myogenesis 
provides a simple explanation for the protracted and asynchronous 
nature of muscle differentiation in vertebrate embryogenesis. 

We reported previously that small myogenic clones tend to 
contain 1, 2, 4, 8 or 16 terminally differentiated cells and no 
precursors’ '°. These findings suggested that the final stages of 
the chick myogenic lineage consisted of a series of at least four 
determined, symmetrical cell divisions. We also found that 
myogenic clones of >16 cells were composed usually of a 
mixture of precursors and terminally differentiated cells, sug- 
gesting that an asymmetrical or stem cell-like division precedes 
the final four divisions’. We seek here to test this hypothesis. If 
an asymmetrical division occurred, the end cells should appear 
in numbers which are multiples of some power of two in the 
larger colonies. The numerical value of that power of two would 
signify the point in the cell lineage at which the cells became 
committed to terminal differentiation. 

Cells were dissociated from the pectoral muscles of 14-day-old 
chick embryos as described previously’. Clones were generated 
by seeding 50 cells onto gelatin/fibronectin-coated 60-mm tissue 
culture dishes in 3 ml fresh medium. At this density, <2% of 
colonies arise from more than one cell. Immunocytochemical 
staining with anti-M-type creatine kinase (MCK) was used to 
detect post-mitotic, terminally differentiated muscle cells®’. Cul- 
tures were fixed after 4-7 days and stained with anti-MCK”'! 
by the peroxidase/anti-peroxidase method'*. Almost all large 
(> 16 cell) myogenic clones which had arisen were identified as 
small brown spots on the dishes. Peroxidase-stained colonies 
were placed on a trans-illuminating device and a ‘map’, contain- 
ing the outline of each cell in the clone, was traced on paper 
to ensure accurate cell counts. Individual cells in the clones 
were then examined using phase and bright-field microscopy to 
determine the total number of cells (or nuclei, if fused cells 
were present) and the number of MCK“ cells (or nuclei, in the 
MCK*, multinucleated myotubes) in each clone. Only clones 
in which both the exact number of cells (nuclei) could be 
determined and every cell could be scored clearly as MCK* or 
MCK, were used for analysis. Approximately two-thirds of the 
generated clones were not suitable for analysis by these stringent 
criteria, principally because of multilayering and lobation of 
nuclei in some of the fused myotubes’’, so that the exact number 
of nuclei could not be determined. This was an unavoidable 











































Fig. 1 Example of a large myogenic clone (clone R in Table 1), 

containing 80 MCK* cells (nuclei) and 104 MCK” cells. a, Com- 

posite low-power micrograph of entire clone; 6, higher-power 

phase micrograph of area within rectangle; c, bright-field micro- 

graph of same field, showing closely applied but clearly distinguish- 
able MCK™ and MCK” cells. 


logistic restraint, but to prevent possible bias, selection of clones 
for analysis was made before any counts were performed. Also, 
counting of cells in the clones was ‘blind’ in the sense that a 
running total of cells was not kept. Instead, the number of nuclei 
in individual MCK* and MCK” profiles on the clone maps 
were counted and were added up after all the profiles in the 
clone had been analysed. An example of a largé muscle colony 
containing MCK* and MCK” cells is shown in Fig. 1. 

Table 1 shows the data obtained from an analysis of 24 clones. 
In eight cases (clones F, G, H, O, R, S, U and X), the number 
of terminally differentiated (MCK*) cells was precisely an 
integer multiple of 16. In all but two of the remaining cases, 
the number of MCK” cells was closer to the next-highest multi- 
ple of 16 than to the next-lowest; in one case (clone I), the 
number was equidistant (Fig. 2). A model of myogenesis postu- 
lating a homogeneous population of precursor cells, in which 
‘commitment’ to terminal differentiation occurs stochastically 
and without further cell division'*, would predict a uniform 
random distribution of these data. The observed distribution 
differs significantly from uniform random (P < 0.001, y? test), 
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Fig. 2, Histogram showing divergence in number of MCK® cells 

per clone from the nearest multiple of 16. Each circle represents 

one clone. For example, a clone which contained 33 MCK* cells 

would be ‘over’ the nearest multiple of 16 by one cell; a clone 

containing 31 mCK* cells would be one cell ‘short’ of the nearest 
multiple of 16. 


however, and is therefore not consistent with such a model. The 
number of MCK” cells in the clones and the total number of 
cells in the clones was not significantly different from uniform 
random distributions by the same analysis. The one-tailed 
appearance of the curve in Fig. 2 is also evidence against a 
microenvironmental induction mechanism for terminal differ- 
entiation (that is, that groups of about 16 precursor cells facilitate 
‘co-commitment to terminal differentiation); this model would 
predict a two-sided or gaussian curve with a modal value of 
‘16n. Instead, the simplest explanation for the observed data is 
that, after committing to terminal differentiation, muscle precur- 
“sor cells ‘count’ exactly four cell divisions before becoming 
post-mitotic muscle end cells. Cases in which the number of 
MCK* cells in the clone was not precisely, but just short of, a 
multiple of 16, can be attributed to cell death, or to mitotic 
asynchrony within cohorts of committed precursor cells; that 
is, the clones were fixed before all the cells in a given committed 
cohort had finished dividing. In support of this explanation, the 
data in Fig. 2 fit an exponential curve (Kolmogorov-Smirnov 
test). Similarly, if the number of divisions before terminal differ- 
entiation were loosely controlled (for example, a dilution or 
_ time model after the commitment step), then a two-sided distri- 
‘bution would again have been expected. In contrast, the one- 
-sided appearance of the data provide strong support for a strict 
cell-cycle-dependent timing mechanism in myogenesis. 


eee ete nen e 
Table 1 Differentiation and proliferation data for myogenic clones 





ugh our d y disprove the possibility tha 
in some cases, committed cells gave rise to muscle cells after 
only three divisions, the statistical evidence suggests that this. 
was at most a rare event. These observations confirm and extend 
earlier studies in which small myogenic clones tend to contain: 
2” (n=0, 1, 2,3, 4) terminally differentiated cells”"'°. We there- > 
fore suggest that, after commitment, a simple counting mechan- 
ism is the simplest interpretation of the data in Fig. 2. 

We also found no consistent relationship between the number 
of MCK* cells in the clones and the total number of cells in 
the clones; rather, the percentage of MCK* cells in each clone 
varied considerably (Table 1). For example, in two cases (clones: 
F and G), the clones contained 32 MCK* cells and no MCK? 
cells. By comparison, clone H also contained 32 MCK* cells,” 
but these comprised only 8% of the cells in the clone. These. 
findings indicate that the stem-cell-like divisions in the myogenic. 
lineage are not invariably asymmetrical, always resulting in the — 
preduction of one cell committed to the four terminal divisions 
and one stem cell. Rather, they support the model illustrated in 
Fig. 3, incorporating both symmetrical and asymmetrical. stem 
cell divisions. Once generated, a committed cell would invariably 
undergo four symmetrical divisions before terminal differenti- 
ation. Our data do not imply that any theoretical importance `. 
should necessarily be attributed to this particular number of cell. 
divisions, but simply that the final divisions seem to be.sym- 
metrical and to be involved in the timing mechanism for terminal 
differentiation. It is conceivable that in different species, other 
embryonic stages and/or locations in the chick embryo and“: 
perhaps even in different culture conditions, the number of 
symmetrical divisions between commitment and terminal differ- 
entiation might be different (see ref. 7). 

Myogenesis has long been considered a model system for 
studying vertebrate cell differentiation. The induction model is © 
often cited as evidence for the instructive role of soluble factors. 
in determining cell fate”'*"'®. This model has tended to focus 
genetic and biochemical studies of muscle differentiation onto 
the terminal phases of myogenesis, when it is assumed that all 
the regulatory events controlling muscle gene expression take 
place’. The induction model of mygenesis, however, has been 
































Divergence of 
no. MCK* cells 


No. of from nearest 
Clone MCK* cells multiple of 16* 
A 13 -3 
B 15 -1 
C 27 -5 
D 30 -2 
E 30 -2 
F 32 0 
G 32 0 
H 32 0 
I 40 +8 
J S7 —7 
K 60 -4 
L 6i -3 
M 61 —3 
N 63 -Í 
oO 64 0 
P 76 -4 
Q 79 =] 
R 80 0 
S 80 0 
T 106 —6 
U 112 9 
v 127 ~] 
WwW 134 +6 
x 144 0 





* Column lists difference, in number of cells, between the number of MCK* cells observed and the nearest multiple of 16. Thus, a clone containing 
33 MCK* celis would be listed as +1 (rather than —15); a clone of 31 MCK* cells would be listed as —1: a clone of 40 MCK* cells would be +8. 
(These. data are also illustrated in Fig. 2.) 





Nearest 
multiple Total no. a Days in 
of 16 of cells MCK* culture 
l 43 30 4 
l i 14 4 
2 151 18 5 
2 93 32 6 
2 151 20 5 
2 32 100 6 
2 32 100 7 
2 398 8 6 
2-3 102 39 6 
4 96 59 6 
4 119 50 6 
4 79 77 5 
4 91 67 6 
4 159 40 6 
4 118 $4 6 
5 Hil 69 5 
5 169 47 6 
5 184 44 7 
5 174 46 6 
7 328 32 6 
7 188 60 5 
8 332 38 6 
8 335 40 6 
9 292 49 6 
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Fig.3 Model for the avian myogenic lineage, illustrating the types 
of divisions which muscle stem cells can undergo. Symmetrical, 
producing two more stem cells; asymmetrical, producing one stem 
cell and one ‘committed’ precursor; terminal symmetrical, produc- 
ing two committed cells. Committed cells in the chick undergo 
four symmetrical divisions to produce cohorts of 16 terminally 
differentiated muscle cells. Mechanisms controlling direction of 
stem cell divisions are unknown. 


unsuccessful in explaining a number of observations on skeletal 
muscle development both in vitro and in vivo. Specifically, it 
does not explain the asynchronous time course of terminal 
muscle differentiation in a single area of developing muscle 
tissue'’, in mass cultures'?”° and even a single clone”. To 
account for this asynchrony, a stochastic or probabilistic aspect 
has sometimes been added to the induction model**'”*. The 
results reported here do not support such a mechanism for 
myogenesis but instead strongly support a more deterministic, 
cell-cycle-dependent and step-wise model of 
myogenesis®''?*?*. Our model can account successfully for the 
protracted nature of muscle differentiation both in culture and 
in the embryo. If environmental factors control the number of 
muscle precursor or end cells, such factors may exert their 
influence in two ways, by affecting either the type of division 
made by the stem cell or the rate of progress through the 
succeeding four compartments of the lineage. This model also 
raises the interesting possibility that genetic or cytoplasmic 
regulatory events controlling muscle gene expression in the 
end-stage cells may occur at the stem cell level. Our findings 
also advise caution in extrapolating normal control mechanisms 
from the properties of myogenic cell lines which, unlike normal 
myogenic cells”''*°, can be induced to differentiate 
synchronously, 
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Polarization of plasma membrane domains is an essential featur: 
of secretory epithelial cells from exocrine glands. The surface o 
exocrine cells (a typical example is the acinar cell of the pancreas 
is separated into an apical domain, where secretion occurs b) 
exocytosis, and a basolateral domain, which senses variations o 
the internal milieu and is enriched with receptors for variou: 
hormones and secretagogues. It is unknown whether secretion i 
polarized in endocrine cells (except for thyroid follicular cells 
which are organized into cavitary structures). To determine whethe 
distinct plasma membrane domains exist in endocrine cells, wi 
infected monolayer cultures of pancreatic endocrine cells witl 
enveloped RNA viruses known to bud selectively from either thi 
apical or basolateral domain in polarized epithelial cells’. Thi 
asymmetrical budding is thought to reflect the polarized natur 
of the infected cells, as in non-polarized cells such as fibroblasts 
the same viruses bud nonselectively from the entire cell surface! 
We show here that influenza virus and vesicular stomatitis viru: 
(VSV) emerge asymmetrically from cultured pancreatic islet cells 
this represents the first evidence for polarization of plasma mem. 
brane domains in pancreatic endocrine cells. 

In monolayer cultures of endocrine pancreas infected witt 
VSV or influenza virus, extensive virus budding was observec 
3-Sh after infection with VSV and 8-9h after infection witt 
influenza virus. Viruses budding from the cell surface were 
identified by the continuity of the viral envelope with the hos 
cell plasma membrane. This continuity allowed us to distinguist 
between budding viruses and viruses adsorbed to the cell surface 





Table 1 Percentage of viruses budding from either the apical or basal 
plasma membrane domain in cultured insulin-producing cells 





Apical Basal 
Influenza virus* 93.93 + 0.804 6.07 + 0.80 
VSVt 12.11 +4.16} 87.88 t416 
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The apical domain was defined as the portion of the cell surface 
directly exposed to the culture medium, and the basal domain as the 
portion of the cell surface resting on the bottom of the dish. For the 
sake of rigorous quantitation, we analysed only the celis in the regions 
of the culture that were strictly monostratified. Although the cells satisfy- 
ing this requirement represented a limited fraction (~ 30% ) of the total 
cell population, qualitative observations in non-monolayer (usually 
bistratified) regions of the culture also showed polarized virus budding. 
Moreover, we counted only those viruses showing a clear continuity 
with the cell surface in the plane of the section. The results are the 
mean +s.e.m. of four separate experiments. 

*8.5 h; +4.5h after infection. 

ł P« 0.00] compared with basal values; Student's t-test. 








Fig. 1 Thin section perpendicular to a monolayer of 
pancreatic endocrine cells infected with VSV. a, 
Numerous VSV particles, appearing as dark spots at this 
low magnification ( x 6,000), are seen beneath the basal 
surface of the cells, but are virtually absent from the 
apical surface. b, Higher magnification ( x 26,000) of the 
area outlined by the rectangle in a. The arrow indicates 
a virus caught in the process of budding from the basal 
plasma membrane. SG, insulin-containing secretory 
granules. 

Methods. Monolayer cultures of pancreatic islet cells 
from 1-3-day-old Wistar rats were established in 35-mm 
Falcon plastic Petri dishes as described previously* and 
used after 8 days of culture. The culture medium con- 
sisted of Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% heat-inactivated newborn calf 
serum (HINCS), 400 Uml~! sodium penicillin and 
16.7 mM glucose. The cultures were infected for | h at 
37°C with VSV (MVOD and Summers Indiana Strain, 
given by Dr L. Roux) at a dose of 10° plaque-forming 
units (PFU) per Petri dish in phosphate-buffered 
isotonic saline (PBS) containing 2 mg mi~™' of bovine 
serum albumin (BSA). After infection, the cells were 
washed with PBS+2mgml™' BSA and further incu- 
bated for 4.5h at 37°C in DMEM supplemented with 
0.1% HINCS and | mg m!™'! BSA. At the end of the 
incubation, the cells were washed again in PBS and fixed 
with 2.5% glutaraldehyde in 0.1 M cacodylate buffer, 
pH 7.4. After washing in cacodylate buffer, the cultures 
were postfixed in 1% osmium tetroxide, stained en bloc 
with 2.5% uranyl acetate in 50% ethanol, dehydrated 
in graded ethanols and embedded in situ in Epon 812. 
Thin sections were cut perpendicular to the culture 
plane, stained with uranyl acetate and lead citrate and 

examined in a Philips EM 300 electron microscope. 





or entering the cell by receptor-mediated endocytosis (a very 
rare event at the time points studied). In cultures infected with 
VSV, a large number of virions were seen between the basal 
surface of the endocrine cells and the bottom of the culture dish 
(Fig. 1). Some of these virions were caught in the process of 
budding (Fig. 1b), whereas others appeared free in the extracel- 
lular space. Only in rare instances did we observe VSV particles 
emerging from the apical surface of islet cells (Fig. la). In 
contrast, in cultures infected with influenza virus, extensive 
budding was seen on the apical surface of the endocrine cells, 
whereas the basolateral surface appeared virtually devoid of 
budding viruses (Fig. 2). 

To quantitate these observations, we counted the number of 
viruses budding from either the apical or basal surface of the 
islet cells in four distinct experiments: only those viruses show- 
ing a clear continuity with the cell surface were included. We 
found that over 90% of influenza viruses emerged from the 
apical domain of the islet cell plasma membrane, while 88% of 
vesicular stomatitis viruses budded from the basal surface (Table 
1). Although the quantitation was done on insulin-producing 8 
cells (by far the most frequent cell type in the cultures), qualita- 
tive observations on the other islet cell types (a cells and D 
cells) also revealed asymmetry of viral budding. In contrast to 








Fig. 2 Thin section perpendicular to a monolayer of pancreatic 
endocrine cells infected with influenza virus. Extensive budding 
of the virus is seen on the apical surface. In contrast, the basolateral 
surface is virtually devoid of budding viruses, x6,300. 

Methods. The cultures were infected for | h at 37 °C with the A/ WS 
(1933, H,N,) strain of influenza virus (given by Dr Paccaud) at 
10° PFU per Petri dish in DMEM + 2 mg mi~’ BSA. After infection, 
the cells were washed with DMEM and further incubated for 8.5 h 
at 37°C in DMEM+2% HINCS. At the end of the incubation, 
the cells were fixed and processed for electron microscopy as 

described in Fig. 1 legend. 


islet cells, however, polarized budding was not seen in the 
fibroblasts neighbouring the endocrine cell clusters: in the 
fibroblasts, both viruses emerged indiscriminately from both the 
adherent and free surface of the cell (data not shown). 

These experiments demonstrate that the influenza virus and 
VSV emerge asymmetrically from islet cells as they do in polar- 
ized epithelia’. Previous studies with MDCK. kidney-derived 
cells have shown that the polarity of viral budding is a con- 
sequence of the asymmetrical insertion of the viral envelope 
glycoproteins into distinct plasma membrane domains’. Thus, 
our results suggest that cultured pancreatic endocrine cells have 
the ability to sort out and target different viral proteins to specific 
plasma membrane domains. As it is believed that viral gly- 
coproteins are treated by the cell in the same way as cellular 
proteins, this sorting ability of islet cells probably extends to 
endogenous membrane proteins. 

Enveloped viruses are becoming powerful tools for the bio- 
chemical analysis of specific regions of the cell membrane, as 
the lipid composition of the viral envelope reflects that of the 
plasma membrane from which it is derived’. By isolating the 
viruses budding from either the apical or basolateral surfaces 
of pancreatic endocrine cells, it should be possible, therefore, 
to collect selected samples of these membrane domains and to 





- MDCK cells’. 

Separation of the cell surface into distinct membrane domains 
is an essential feature of secretory epithelial cells in exocrine 
tissues, but has not yet been demonstrated in endocrine cells 
(except for thyroid follicular cells, as mentioned above). It is 
unknown, for example, whether hormone release occurs through 
the same region of the cell surface that receives exogenous 
stimuli or whether endocrine cells possess distinct ‘sensitive’ 
and ‘effector’ poles. The data presented here clearly demonstrate 
polarization of plasma membrane domains in cultured pan- 
creatic endocrine cells and provide the basis for future efforts 
to unmask plasma membrane polarization in endocrine cells in 
vivo. In this respect, it is worth mentioning that recent physio- 
logical data are consistent with the possibility that distinct 
venous (receptor-rich) and arterial (secretory) poles exist in 
pancreatic insulin-producing cells’. 

This work was supported by Swiss NSF grant 3.460.83. 
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In the myosin-linked regulatory mechanism typified by the mollus- 
can scallop adductor muscle, contraction is controlled by Ca’* 
binding to sites on the thick filament protein, myosin’. The regula- 
tory light chains of myosin heads are involved directly in this 
mechanism and early studies’ suggested that, in the absence of 
Ca**, these subunits prevent the interaction of a myosin—adenosine 
nucleotide complex with the actin-containing thin filament. Sub- 
sequently, Ashiba et al.* reported that the steady-state ATPase of 
molluscan myosin exhibits a limited degree of Ca’* activation in 
the absence of actin. Recently, however, we have shown that steady- 
state ATPase activity in relaxing conditions is dominated by the 
unregulated molecules in the myosin preparation’. Single-turnover 
kinetic methods are required to monitor the highly suppressed 
ATPase activity of the regulated population. Using the latter 
approach, we report here that scallop myosin ATPase is reduced 
about 100-fold on removal of Ca**. The regulatory light chains 
maintain the relaxed state via conformational changes which sup- 
press the product release steps, irrespective of the presence of actin. 

The actin-activated Mg**-ATPase activity of scallop heavy 
meromyosin (HMM), a double-headed proteolytic subfragment 
of myosin, can be followed directly by turbidometry. When a 
near-stoichiometric concentration of ATP is added to acto- 
scallop HMM, a rapid drop in turbidity occurs due to dissoci- 
ation of the protein complex, followed by a recovery as the ATP 
is exhausted and the rigor state is reformed. In the absence of 
Ca’*, this recovery phase is markedly biphasic (ref. 5 and Fig. 
ta). We have interpreted this in terms of a heterogeneous HMM 
population, in which an unregulated fraction (typically 20-30% ) 
hydrolyses ATP rapidly, leaving the regulated molecules to 
undergo a slow single turnover with a half-time of several 
minutes (rate = 4.5107? s"', Fig. la). This very slow rate for 
the Ca’*-free actin-activated ATPase implies that actin-free 
HMM ATPase should be at least as slow in the same relaxing 
conditions, Although typical steady-state rates for the HMM 
ATPase alone are 0.357’ (+Ca**) and 0.187! (—Ca**), the 





characterize their lipid composition, as has been done with 
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Fig. 1 The rate of actin binding to scallop (Pecten maximus) 


HMM, in the absence of Ca?” and presence of nucleotide, was 
recorded by following the turbidity changes at 340 nm, using a 
Perkin-Elmer LS5 spectrophotometer. These experiments were car- 
ried out in 10mM_ N-tris[fhydroxymethyl ]methyl-2-aminoethane 
sulphonic acid (TES), 20 mM NaCl, 5mM MgCl, 100 pM EGTA, 
pH 7.5, at 20°C and using 2 uM actin, 2 uM HMM (myosin head 
concentration) and 10 uM nucleotide. (Note that although a five- 
fold molar excess of ATP over HMM was used, the slow phases 
of the observed profiles are single turnovers of the regulated HMM, 
for reasons discussed previously®.) a, Actin was pre-mixed with 
HMM to give a solution of high turbidity. Addition of ATP at time 
0 caused a rapid dissociation of the acto-HMM followed by a 
biphasic recovery, as noted previously’. b, The profile obtained on 
addition of actin at time 0 to a preincubation mixture of HMM 
with ADP. When this experiment was repeated in the presence of 
Ca**, the turbidity increase was >90% complete the manual mixing 
time. The records from a and b are also shown in c (solid lines) 
and represent the two extreme profiles of the following actin chase 
experiment. HMM was premixed with ATP and then actin was 
added to aliquots of this mixture in separate cuvettes in an 
autochanger attachment. Actin was added at: ©, 0.85 min: @, 2.3 
min; (J, 5.6 min; and W, 2! min after addition of ATP to the HMM. 
To allow comparison of the turbidity profiles, time 0 refers to the 
point of actin addition. The jump in turbidity at this time is 
attributed to actin binding to the unregulated HMM population’, 
as are the rapid phases in a and b. 


latter could be dominated by the contribution from unregulated 
(permanently activated) HMM molecules. We have therefore 
used limited turnover analysis to measure the ATPase activity 
of HMM in the absence of actin. 

Initially, this problem was investigated indirectly by perform- 
ing an actin chase experiment. HMM and ATP were pre-mixed 
at near-stoichiometric concentrations in the absence of Ca** 
and the progress of their reaction was followed by the changes 
in the turbidity profile on addition of actin at different time 
intervals of preincubation. The data shown in Fig. la, where 
HMM and ATP were mixed in the presence of actin, represent, 
in effect, an actin chase at zero tinte. When ATP was added to 
the HMM before the actin, the rate of the slow phase of the 
turbidity increase on actin addition was time-dependent. The 
observed turbidity change became progressively faster with lon- 
ger preincubation times, reaching a maximum rate of 0.023 s7! 
(Fig. 1c) comparable with that of the slow phase when actin 
bound to HMM in the presence of ADP (Fig. 1b). The actin 
chase experiment (Fig. 1c) revealed that the transition between 
the slowest (Fig. 1a) and the fastest (Fig. 1b) rate occurred with 
a half-time (t,,2) of 2-3 min. A rate constant of ~4.6 x 1073 s~ 
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Fig. 2 The rate of P, release from scallop HMM following ATP 
hydrolysis in the presence and absence of Ca?*. HMM (174M 
myosin heads) was incubated with [y> P]ATP (21 pM) at 20°C 
and pH 7.5 in 10 mM TES, 20mM NaCl, | mM Mg?" and either 
100 aM free Ca?* or 100 uM EGTA. Aliquots were removed at 
the times indicated and subjected to rapid separation on Sephadex 
G-50 by column centrifugation’ for | min (represented by the error 
bars on the x-axis). The radioactivity eluting with the protein is 
expressed as a percentage of the total counts applied to the column. 
The fraction of **P recovered with time from a similar experiment 
using subfragment 1, in the presence or absence of Ca?*, was 
comparable with that observed with HMM in the presence of Ca** 


was obtained from an exponential fit of the turbidity at a time 
2.5 min after actin addition, against the time of preincubation 
of HMM and ATP. We interpret this result in terms of the 
formation of a long-lived intermediate, when HMM is mixed 
with ATP in the absence of Ca?*, which binds to actin only 
weakly. This intermediate is transformed slowly (in the case of 
regulated molecules) to M.ADP, the myosin-ADP equilibrium 
complex which remains at the end of the reaction and which 
can be generated by direct addition of ADP to HMM. In the 
presence of Ca?*, ATP turnover was rapid and no slow phase 
of actin binding was observed in an actin chase experiment. 
To characterize the ATPase pathway further, single turnover 
experiments were performed using [y-**P]ATP to monitor the 
progress of the hydrolysis step and inorganic phosphate (P;) 
release®. On quenching the reaction with perchloric acid after 
15 s, we found that all (> 95%) the ATP had been hydrolysed, 
both in the presence and absence of Ca”*. When the unquenched 
reaction mixture was subjected to rapid separation on Sephadex 
G-50 by column centrifugation’, however, a significant fraction 
of the °*P remained bound to the HMM in the absence, but not 
the presence, of Ca’* (Fig. 2). Furthermore, the bound *?P was 
released from the HMM with a rate constant of 2.1 x107*s7' 
(obtained by a computer fit to an exponential). This experiment 
provides direct evidence for a slow step.in the ATPase pathway 
of HMM alone and is not subject to the potential complications 
of the turbidity assay*. It was found also that the P; undergoes 
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observations), which implicates arapid reversal of the hydrolysis 
step relative to P; release®. We therefore identify the long-lived 
intermediate as M. ADP.P, and assign the slow Ca** sensitive ; 
step to P, release. 
A minimal scheme for the discussion of these results i is rep- 
resented by the following equation: l 























Ca** Ca** 


M+ATP—> M- -ATP=M- ADP.P, > M- ADP = M+ADP 
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Step 2 is rapid and reversible irrespective of the Ca** concentra- 
tion. Step 3 is rate-limiting and Ca?* sensitive, with a rate, in = 
relaxing conditions, of 2.1.x 107° s~’ (Fig. 2). This increased by 
about 100-fold on:Ca* activation to account for the overall 
steady-state rate of 0.3s”'. Furthermore, Fig. 1b shows. that’ 
ADP displacement by actin is rather slow (0.023 s~’) in relaxing, 
but not activating, conditions. Although this experiment does 
not provide a direct measure of the rate of step 4, the results 
suggest that this step is also Ca** sensitive. This conclusion is 
supported by the finding that the ADP-induced fluorescence 
enhancement of scallop HMM is dependent on Ca** and we 
suggest that ADP binds more tightly to the regulated fraction 
of HMM in the absence of Ca?* than in its presence". Thus, 
although the overall pathway of the scallop myosin ATPase is 
similar to that of rabbit skeletal muscle myosin®, steps 3 and 4 
are Ca’* sensitive in the former case and display a considerable 
reduction in the magnitude of their rate constants in relaxing 
conditions. In these conditions, the observed steady-state rate 
of 0.1 s™' suggests that there is a dominating contribution from 
an unregulated fraction (30% ) in the scallop HMM preparation. 
Significantly, myosin subfragment | and HMM with a depleted © 
light-chain content both exhibit Ca**-insensitive steady-state 
ATPase rates of ~0.3 s”' (ref. 13). Thus, the unregulated popula- 
tion in normal HMM preparations could be accounted for by 
molecules of this type. 

In conclusion, our data show that in the absence of Ca?* 
fully regulated HMM ATPase activity is suppressed about 100- 
fold by inhibition of the P; release step. This is achieved presum- 
ably through a conformational change involving the regulatory 
light chains and is independent of actin. Evidence for this change 
comes from the light-chain movements detected by crosslinking 
studies” and the crossbridge disposition observed by electron 
microscopy of isolated scallop thick filaments'®. Actin amplifies 
the Ca?* sensitivity by further enhancing the ATPase in the 
presence of Ca?” to give a total of >600-fold activation of the 
relaxed rate’. A marked inhibition of the ATPase in the absence 
of Ca** would account for the economy of ATP use in relaxed 
muscle in vivo''. In contrast, such a high in vitro degree of 
suppression of the ATPase in the absence of Ca** has yet to be 
demonstrated for vertebrate skeletal muscle preparations, for 
which the existence of a myosin-linked regulatory system 
remains controversial’. 
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The human a-interferon (IFN-a@) gene family consists of at least 
14 potentially functional non-allelic members; the amino acid 
sequences they encede differ from each other by up to ~20% of 
their residues (ref. 1 and K. Henco et al., in preparation). Human 
IFN-§, which is encoded by a single gene, is distantly related to 
the IFN-a@ family’; it differs in 67% of its residues from IFN-a. 
There is considerable evidence that IFN-a and -B compete for 
the same receptors on their target cells**. Comparison of 14 
non-allelic human IFN-a@ sequences and the IFN-8 sequence has 
revealed that 37 of 166 residues are completely conserved and that 
several of these are arranged in clusters, for example at positions 
29-33, 47-50 and 136-150. It is commonly held (for example, 
refs 2, 7) that evolutionary conservation of amino acids indicates 
that the residues in question are essential for function. To test 
this hypothesis in the case of IFNs, we have introduced single 
site-directed point mutations into the strictly conserved codons 48 
and 49 of the IFN-a, gene which form part of the longest uninter- 
rupted cluster (position 47-50). We report here that the mutant 
proteins, containing Tyr, Ser and Cys instead of Phe48, or His 
instead of Gin49, have biological activities indistinguishable from 
those of wild-type IFN-a. In addition, when Glu62, a residue 
conserved in all known @ and B IFNs of man, mouse and cattle, 
was replaced by Lys, antiviral activity remained unchanged. 









Site-directed point mutations were generated using four s 
thetic oligonucleotide primers containing single mismatches 
(Fig. la). In the expression plasmid used for mutagenesis and 
IFN production, pPEMBL8( — )Pa, (Fig. 1b), the mature human 
IFN-a, coding sequence was fused to the ribosome binding 
sequence of the 1.1 gene of phage T7 and placed under the 
control of the P, promoter of pBR322 (ref. 11). The plasmid 
also contained the 1,300-base pair (bp) intergenic fragment of 
phage f1, oriented such that superinfection with phage fi yielded 
single-stranded, circular DNA’? containing the IFN-a, (—)- 
strand sequence. A mutagenic oligonucleotide was hybridized 
to the single-stranded template DNA and elongated with DNA 
polymerase in the presence of T, DNA ligase. The resulting 
double-stranded circular DNAs were introduced into 
Escherichia coli, and transformed colonies were transferred to 
filters and screened with the appropriate *’P-labelled primer as 
probe'*!*, 

Plasmid DNA recovered from positive colonies was recloned 
and subjected to restriction and sequence analysis. Figure 2 
shows the relevant regions of the sequence gels of the four 
mutant and the wild-type IFN genes used to produce modified 
IFN in E. coli HB101. Interferons were partially purified (Fig. 
3 legend) and aliquots analysed by SDS-polyacrylamide gel 
electrophoresis; the amount of IFN in each preparation was 
determined by scanning the stained gels and integrating the 
areas under the peaks, using known amounts of pure IFN-a, 
(a gift from M. Fountoulakis) as reference (Fig. 3). The IFN 
content of the partially purified preparations was 30-40%. 

To confirm the amino acid substitutions, a sample of each 
IFN was purified by SDS-polyacrylamide gel electrophoresis 
and subjected to amino acid analysis. The mutant proteins 
showed the expected changes (Table 1); the number of Phe 
residues in the modified IFN-a@2-A, -B and -C was reduced by 
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Fig. 1 Template and primers used for site-directed mutagenesis. A mismatch-containing 
oligonucleotide (a) was hybridized to a circular, single-stranded vector containing the IFN-a, 
(-)-strand sequence (b), elongated with DNA polymerase and the newly formed DNA 
strand closed with DNA ligase. Double-stranded circular DNA was cloned in E. coli and 
colonies containing the mutated DNA were identified by hybridization to the mismatch- 
containing oligonucleotide. The oligonucleotides are aligned with the wild-type sequence of 
the IFN-a@, gene around the region encoding the conserved amino acid cluster 47-50 (boxed). 
Mismatched bases and substituting amino acids are underlined. Abbreviations: Sh.D, ribo- 
some binding sequence; Ap‘, ampicillin-resistance gene: P, P, promoter; F1(1G), f1 inter- 
genic fragment. 

Methods. a, Oligonucleotides were synthesized with the Applied Biosystems DNA synthesizer 
model 380A as specified by the supplier, purified by electrophoresis through a denaturing 
12% polyacrylamide gel and chromatography on Sephadex G-25. Oligonucleotides A, B and 
C were synthesized as a mixture. b, The expression vector pEMBL8(~ )Pa, was prepared 
by joining the large Poull fragment of plasmid pEMBL&(—) (ref. 12) to a DNA segment 
(derived from plasmid pPIT,a,, a gift from N. Panayotatos) containing the mature human 
IFN-a, coding sequence fused to the ribosome binding site of the 1.1 gene of phage T, (a 
112-bp Sall/ EcoRI fragment from plasmid pNKS97 (ref. 25)). The fusion was such that the 
initiation triplet directly preceded the TGT triplet encoding the first amino acid of mature 
IFN-a,; the ribosome binding site was preceded by a 231-bp fragment derived from positions 
2,804-3,035 of pBR322, containing the P, promoter''. The IFN-a, insert was in the same 
orientation as the B-lactamase gene and therefore the single-stranded hybrid phage DNA 
derived from this plasmid contained the IFN-a, (—)-strand sequence. To prepare hybrid 
phage, E. coli JM103 (ref. 26), containing pEMBL8(—)Pa;, was superinfected with phage 
fl (strain IR-1) and the resulting phage purified as described elsewhere’. The single-stranded 
hybrid DNA was separated from contaminating f1 DNA (present in about threefold excess) 
by preparative agarose gel electrophoresis”. Synthesis of double-stranded DNA using a 
mismatch-containing oligonucleotide as a primer was essentially as described elsewhere”. 
One pmol (~ 1.5 yg) of purified single-stranded pEMBL8(—)Pa, DNA, 20 pmol 5'-*P- 


labelled primer {~ 50,000 c.p.m.), 20mM Tris-HCI (pH 7.5), 10 mM MgCl, 75 mM NaCl 


and I mM DTT (final volume, 10 uł) were kept for 5 min at 70°C and I h at 22°C. The four 
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Primer A Base SEQUENCE 


Primer B Base SEQUENCE 
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Primea D BASE SEQUENCE 
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RACCAGTCCCAAAAGG ppe 8e Sen 
Asn Gun Ser Gun Lys 


AACCAGTACCAAAAGG Pug o—Typ 


Asn Gun Tyn Gin Lys 


AACCAGTECCARARGG Prete Cvs 
Ass Gus Cys Gun Lys 


CCAGTTCCATAAGGCT — Gun! 2--Airs 
fax Pe His Lys ALA 






pEMBL Bi-1paD 
4630 bp 


deoxynucleoside triphosphates and ATP (in the same buffer as above, final concentration, 0.5 mM each), 200 U T4 DNA ligase ( Biolabs} and 
2 U DNA polymerase I (Klenow fragment, Biolabs) were added (final volume, 20 pl). After 20 h at 22 °C, the DNA was recovered by phenol 
extraction and ethanol precipitation, dissolved in 10 mM Tris-HCl (pH 7.5), I mM EDTA and fractionated on a 0.8% low gel temperature 
agarose gel containing 0.5 ug ml~' ethidium bromide. The double-stranded circular DNA was recovered and cloned in E. coli JM103, 
Ampicillin-resistant colonies were transferred to Whatman 541 filters and processed as described by Taub and Thompson” up to the 
phenol/chloroform tréatment, washed three times for 3 min in 6 x NET (NET is 150 mM NaCl, 15 mM Tris-HCI pH 7.5, I mM EDTA), twice 
in 95% ethanol and air-dried. Pre-hybridization and hybridization were as described by Wallace ef al. Plasmid DNA was extracted from 


positive colonies”; monomeric DNA was isolated from low gel temperature agarose gels and recloned. 















‘Fig. 2- Nucleotide sequence analysis of the 
coding sequence around codons 48-49 of wild- 
type and modified a,-interferons. From left to 
right, the sequence ladders of mutants D, C, B, 
A and wild type, respectively, are shown. The 
order of the lanes is G, A+G, T+C and C. 
Plasmid DNA was isolated”, cut with Bglll, 
5'*P.labelled and sequenced by the Maxam 
and Gilbert procedure”, 
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WT 42.3 
A 41.8 
B 45.6 
c 30.3 
D 31.9 


Fig. 3 Densitometric determination of the IFN content of purified 
preparations of wild-type and modified IFN from E. coli. Partially 
purified preparations of IFN (modified IFN-a,-A, -B, -C and -D, 
and wild-type IFN-a, (see Fig. 1)) were run through a polyacry- 
lamide gel and the IFN content determined by measuring the area 
under the IFN peak relative to the area given by known quantities 
of homogeneous IFN-ay. 

Methods. E. coli HB10! harbouring pEMBL8(—)Pa, with the 
wild-type or the mutated IFN-a sequences were grown in l-l 
cultures in L-broth in low aeration conditions at 37 °C to an Asso 
of about 1.0 and maintained in stationary condition for 30-40 h. 
Aliquots of the culture were lysed in urea-SDS buffer’! and tested 
for IFN activity by the cytopathic effect reduction assay on human 
WISH cells challenged by Mengo virus’. Each culture yielded 
~4%x10* U IFN activity (measured relative to a laboratory refer- 
ence sample that had been titrated against an NIH standard). The 
cells were collected by centrifugation, resuspended in 20 ml 10% 
sucrose, 0.1 M Tris-HCI (pH 7.5), 5mM EDTA, 0.2 mM DTT and 
incubated with 3 mg lysozyme for 45 min at 22 °C. The cells were 
pelleted, resuspended in 20 ml of the above buffer without sucrose 
and subjected to four cycles of freezing and thawing. The insoluble 
pellet was washed twice with 20 ml phosphate-buffered saline 
(PBS) containing 2M urea, 0.2mM DTT, 10mM benzamidine, 
and the IFN was extracted with 1.5ml PBS containing 7.5 M 
guanidine-HCl, 0.5 mM EDTA and 0,2 mM DTT. The sample was 
diluted 20-fold with PBS containing 10 mM benzamidine, 1 mM 
EDTA, 0.2 mM DTT, clarified by centrifugation and concentrated 
to ~2 ml by ultrafiltration (Millipore CX-10 immersible ultrafiltra- 
tion units); recovery of IFN activity was 2.4 to 4 x 10° U (60-100% ). 
Aliquots were electrophoresed through 17% polyacrylamide-SDS 
gels”? at 5-10 V cm”! for 5-8 h alongside known amounts of highly 
purified IFN-a, (specific activity 1.5 x 10° U per mg; a gift from 
M. Fountoulakis). After staining with 0.25% Coomassie brilliant 
blue R250 in 50% methanol, 7.5% acetic acid, the gels were 
destained in 50% methanol, 7.5% acetic acid and scanned using 
a densitometer equipped with integrator (Shimadzu CS-930). The 
peak areas for 5, 15 and 30 pg of the standard IFN were 27.7, 58.6 
and 96.0 integration units (IU), respectively. The inset shows the 

stained gel. 
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about | (0.6-1.2), as was the value for Gix in IFN-a2-D, and 
IFN-a2-A, -B and -D showed an increase by about one 
equivalent of Ser, Tyr and His, respectively. Cys (expected to 
change in IFN-a@2-C) was not determined. 

The four mutant IFNs were indistinguishable from wild-type 
IFN-a, (Table 2) with respect to their biological activities. The 
specific antiviral activities of the wild-type and the four modified 
IFNs were 1.1~1.9 x 10° U per mg on human WISH cells; there 
were also no significant differences when the activities were 
assayed on bovine MDBK or murine L929 cells. Moreover, all 
preparations had the same inhibitory effect on Daudi cells’, as 
determined by cell growth and *H-thymidine incorporation. 

We had initially been interested in identifying residues which 
could be responsible for binding to the human IFN receptor. 
Some IFNs, in particular murine and human, are quite specific 
with respect to their target cells, and we therefore considered 
that human IFN-as and -8 (believed to act on the same receptor) 
would show a set of conserved amino acids which would overlap 
but not coincide with the set of conserved murine positions, 
and that positions conserved in man but not in mouse might be 
important for receptor binding. We subsequently generated a 
further mutation, Glu to Lys, in position 62, which is constant 
not only in all known human IFN-as and IFN-£, but also in 





Table 1 Amino acid analysis of modified interferons 








A B C D 
IFN WT Phe > Ser Phe -> Tyr Phe > Cys Gln > His 

ASX 12 12.4 13.1 13.1 12.9 12.9 
Thr 10 9.1 9.4 9.4 9.2 9.3 
Ser 14 12.4 14.5 13.2 12.7 13.0 
Gix 26 26.5 27.2 26.8 26.7 25.9 
Gly 5 6.5 7A 6.8 6.5 6.8 
Ala 8 9.2 9.2 9.1 9.2 9.2 
Val 7 6.9 6.9 7.0 74 6.9 
Met 5 5.1 49 4.4 4.7 5.9 
He 8 7.9 7.9 7.9 7.9 79 
Leu 21 21 21 21 21 21 
Tyr 5 5.1 5.1 6.2 5.1 5.2 
Phe 10 9.9 8.7 93 8.9 10.1 
Lys 10 10.1 10.1 10.2 10.1 10.2 
His 3 3.0 3.1 3.1 3.0 4.0 
Arg 10 10.2 9.9 9.6 11.0 9.9 
Pro 5 6.9 7.0 5.8 6.9 6.8 


Partially purified IFN (see Fig. 3 legend; 150-300 ug protein) was 
subjected to preparative SDS-polyacrylamide gel electrophoresis” (15% 
acrylamide, 0.09% bis-acrylamide). Gels were lightly stained with 
Coomassie blue (30s) and partially destained. The IFN-containing 
bands were excised, eluted into 2-3 mi 50 mM Na-phosphate, 2 mM 
dithiothreitol (DTT), 0.2% SDS or electroeluted into a buffer containing 
50mM NH,HCO,, 0.2% SDS and I mM DTT and precipitated twice 
with trichloroacetic acid. The dried precipitates (50-100 yg of protein 
each) were subjected to acid hydrolysis and amino acid analysis*’. The 
tabulated values were normalized relative to the leucine content (21 U 
leucine per mol IFN-a,). Underlined values indicate differences between 
wild type and mutant IFNs. WT, wild type. 
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Specific antiviral activity 








Inhibitory activity 
(IFN concentration (pg mi~!) 








(U per mg) for 50% inhibition) 
Human cells Mouse cells Bovine cells 7H-TdR 
IFN preparation {WISH} {L929} (MDBK) Cell growth incorporation 
IFN-a2 wild type 1.0108 1.5.x 10° 13x 10° 26 19 
Mutant A (Phe48 > Ser) 1.9x 108 2.8 x 10° 5.6 x 108 24 18 
Mutant B (Phe48 > Tyr) 1.4.x 108 2.1 x10 2.1 x10° 24 17 
Mutant C (Phe48 > Cys) 1.x 108 1.6x10° $.5 x10? 31 23 
Mutant D (Gin49 = His) 1.2108 1.8x 10° 1.1.x 10° 22 22 





Specific activities of the partially purified IFNs were calculated from the antiviral activities and the IFN contents of the preparations, both 
determined as described in Fig. 3 legend. The IFN concentrations required for 50% inhibition of Daudi cell growth or ` *H-thymidine (TdR) 


incorporation were obtained from dose- -response assays" 


$, Cell numbers were determined in a Coulter counter model ZBI and *H-TdR incorporation 


was measured as described by Hannigan et al.**. Each value is the average of a duplicate determination. 


murine IFN-a,, -æ (ref. 16), murine IFN-8 (ref. 17), bovine 
IFN-a, to -æa (D. Goeddel, personal communication) and 
bovine IFN-B, to -B (ref. 18). In this case, the sequence of the 
mutated DNA, but not the composition of the protein, was 
verified. The specific antiviral activity of the purified mutated 
IFN determined on human (WISH) cells as above, was 1.3 x 10° 
U per mg, compared with 1.6x10° U per mg for wild-type 
IFN-ay. 

If strict amino acid conservation at the positions examined 


"is not essential for the major biological effects ascribed to IFN-a 


and -f, that is, antiviral and growth-inhibitory activity, what is 
the significance of the constancy of the amino acids at positions 
48, 49 and 62 (and possibly at other sites)? There are several 
explanations. (1) Selection could have occurred on the basis of 
a criterion not assayed for in the present work. Thus, replacement 
of the conserved residues might impair an as yet unrecognized 
biological activity of IFN, or could result in a protein which is 
deleterious to the cell. (2) Mutations could lead to inadequate 
expression of the IFN gene by affecting transcription, translation 
or post-translational events such as secretion. (3) The structure 
: of the IFN gene has evolved not only to optimize function, but 
to minimize the effect of point mutations on function, for 
example by generating a protein framework so stable that even 
~ a non-conservative amino acid change does not impair function. 
(4) The conservation of at least some amino acid residues could 
be due to chance and our findings a result of the small sample 
so far analysed. We have determined the number of changes 
© between each human IFN species and an IFN consensus 
sequence reflecting the most commonly used amino acid in each 
position of the human a and 8 IFNs, and have estimated the 
number of positions that would be expected to coincide in all 
IFNs by Poisson analysis. By this admittedly naive approach, 
we estimate that about half the conserved positions in the 
human genes may have been retained by chance, indicating that 
our results for positions 48 and 49 could be ascribed to the small 
sample size. However, if the mutation at position 62 is taken 
into account, this possibility becomes considerably less likely, 
because this position is conserved in IFN-a and -8 genes in 
three species. 

A situation similar to the one we have generated artificially 
for the interferons may exist naturally in the case of the globins. 
For example, positions 127 and 141 of a-globin are conserved 
in the 48 mammalian species listed in the current protein 
sequence database of Dayhoff `°. Nonetheless, variants of human 
haemoglobin containing replacements at these strictly conserved 
sites seem to be functionally unimpaired and the individuals 
bearing this polymorphic variation are healthy**?'. In this case, 
explanations (2) and (4) seem less likely. 

Thus, we conclude that the occurrence of conserved positions 
in related proteins, even when clustered, does not necessarily 
imply that these positions are essential for the function of the 
protein, or in other words: while all that is important is con- 
served, not all that is conserved need be important. 
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Yeast and mammalian ras proteins 
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Mammalian ras oncogenes encode polypeptides of relative 
molecular mass (M,) 21,000 (p21) which bind GTP and GDP". 
Oncogenic ras-encoded proteins differ from their normal 
homologues by an amino acid substitution for Gly 12, Ala 59 or 












In 61 (refs 3-14). Recently, we and others have observed that 
‘normal p21, encoded by the Ha-ras gene, has a GTP hydrolytic 
sactivity that is reduced by the oncogenic substitutions Val 12 (refs 
15-17) or Thr 59 (ref. 15). The yeast Saccharomyces cerevisiae 
¿contains two ras-related genes, RAS™ and RAS*? (refs 18, 19), 
the expression of either of which is sufficient for viability???'. 
RAS*"' and RAS*? encode proteins of 309 (SC1) and 322 (SC2) 
residues which are 62% homologous to mammalian p21 in their 
172-amino acid N-terminal sequences'””*, We report here that the 
N-terminal domain of SC1 binds GTP and GDP and has a GTP 
hydrolytic activity that is reduced in the variants SC1[Thr 66] and 
SC1i[Leu 68] which are analogous to oncogenic Ha[Thr 59] and 
HajLeu 61], respectively. These results suggest that yeast and 
mammalian ras proteins have similar biochemical and possibly 
biological functions. 

To obtain expression of the SC1 protein, the 1.7-kilobase (kb) 
HindIII fragment containing RAS’ was subcloned into 
phage M13 mp9. By oligonucleotide-directed mutagenesis'*, a 
Hindlll site was introduced at a position analogous to that 
found at the S’region of v-Ha-ras, creating RAS*® ( HindIII). 
Mutations were also introduced to create variants RAS*'[Thr 
66] and RAS*'[Leu 68]. Previously we reported the use of 
plasmid pRAS to obtain expression of v-Ha p21 and variants 
as 24,000-M,. proteins containing 20-amino acid N-terminal 
extensions'***, The HindIII fragment of pRAS, encoding amino 
acids 3-189 of v-Ha p21, was replaced by the 1,040-base pair 
(bp) HindIII fragment of RAS*'( HindIII) encoding SCI 
residues 10-309, producing pSC1. Based on sequence homology, 
amino-acid position 10 of SC! corresponds to position 3 of Ha 
p21. Plasmids pSC1[Thr 66] and pSCI[Leu 68] were then gener- 
ated by replacing the 321-bp Clal/Accl fragment of pSC1 with 
the corresponding fragments of RAS*'[Thr 66] and RAS*'[Leu 
68]. For expression of only the N-terminal domains of the SC1 
proteins, the above plasmids were digested with HincH followed 
by recirculization to remove the Hincll fragment, producing 
pSCIN, pSCIN[Thr 66] and pSC1IN[Leu 68]. In these plasmids, 
the codons for Leu 185 and Asp 186 are changed to that for a 
glycine residue and a nonsense codon, respectively. 

Analysis by SDS-polyacrylamide gel electrophoresis (SDS- 
PAGE) of the proteins produced by Escherichia coli JM101 cells 
transformed with pSCI[Thr 66] revealed small amounts of 
proteolytically labile novel polypeptides of M, 30,000-40,000 
(Fig. la, lanes 1, 2). Similar results were observed for cells 
transformed with pSC1 and pSCi{Leu 68] (not shown). In 
contrast, cells transformed with the plasmids pSCIN, 
pSCIN[Thr 66] or pSCIN[Leu 68] each expressed large 
quantities of a polypeptide of apparent M, 23,000 (Fig. la, lane 
3). All of the above polypeptides could be immunoprecipitated 
(data not shown) by the anti-v-Ha-ras monoclonal antibody 
YAG-259 (ref. 24), 

The ras-related polypeptides expressed by E. coli cells 
transformed with pSCI[Thr 66] and pSCIN[Thr 66] possessed 
a GTP-specific autophosphorylating activity, as did Thr 59 
mutants of Ha p2! (ref. 25). This activity, as well as GTP and 
GDP binding activities, resides in trypsin-resistant N-terminal 
domains that have the same apparent M,, 22,000 (Fig. 1b). 
Peptide sequence analysis revealed that for Ha[Thr 59], the 
N-terminal trypsin cleavage site occurs between Arg 8 and Gly 
9 of the fusion leader sequence, 12 amino acids preceding the 
authentic Ha p21 Met 1. We calculate from the size of this core 
protein and the sequence data for the proteolytic fragments that 
the trypsin-resistant core sequence extends to amino acid 169 
of Ha p21. The trypsin resistance of the conserved N-terminal 
region of both yeast and mammalian ras proteins indicates that 
it may be an actual structural domain. 

The stable N-terminal polypeptides expressed using plasmids 
pSCIN, pSCIN[Thr 66] and pSCIN[Leu 68] were purified to 
homogeneity as described in Fig. 2 legend. GTP hydrolytic 
activity co-purified with SC1N (Fig. 2a, top panel), as had been 
observed for normal Ha p21. Whereas GTP-specific autophos- 
phorylating activity co-chromatographed with GDP binding 
activity for SCIN[Thr 66], a corresponding peak of GTP hydro- 










Fig. 1 a, Bacterial expression of yeast SC1 protein. Total cellular 
proteins were analysed by SDS-PAGE and visualized by staining 
with Coomassie brilliant blue. Each lane contained ~5 ug of 
protein. Lane 1, JMIO1; lane 2, JM101/pSCI[Thr 66]: lane 3, 
JM101/pSCIN. b, Trypsin treatment of SCI[Thr 66], SCiN[Thr 
66] protein and Ha[{Thr 59] p21. Crude lysates (lanes 1-3) and 
purified proteins (lanes 4-7) were incubated in autophosphoryla- 
tion conditions with [y**-P]GTP (see Fig. 2 legend) for lh at 
50°C, with and without trypsin pre-treatment. Reactions were 
analysed by SDS-PAGE followed by autoradiography. Lane 1, 
JM101; lane 2, JM101/pSCI[Thr 66]; lane 3, trypsin-treated 
JM101/pSC1[Thr 66]; lane 4, SC1 N[Thr 66]: lane 5, trypsin-treated 
SCIN[Thr 66]; lane 6, trypsin-treated Ha[Thr 59]; lane 7, Ha{Thr 
59]. Lanes 1-3 contained ~12 wg protein each; lanes 4-7, ~1 pg 
each. The relative molecular masses (107%) of reference proteins 
are shown. 

Methods. Trypsin digestions were performed in buffer A (see Fig. 
2 legend) without protease inhibitors and with 0.01 mg TLCK- 
treated trypsin (Sigma) per mg of protein for l h at 4 °C. Digestion 
was terminated by the addition of a threefold molar excess: of 
soybean trypsin inhibitor (Sigma). SDS-PAGE” was performed 
with 12.5% polyacrylamide gels on a Bio-Rad Baby Gel apparatus 
at 30 mA constant current. Autoradiography was performed with 

Kodak XAR film. 











Table! GTP hydrolysis by yeast and mammalian ras-encoded proteins 
Autophos- 
GTPase phorylation 


(mmol phosphate per min per 


ras protein form mol protein - GTP) 


SCIN[Gly 19-Ala 66-Gin 68] 39.649.4 0 
SCIN[Gly 19-Thr 66-Gin 68] <1.6+0.2 1.0+01 
SCIN[Gly 19-Ala 66-Leu 68] <0.3+0.12 0 
Ha[Gly 12-Ala 59-Gin 61] 17.7£1.0 0 
Ha[Gly 12-Thr 59-Gin 61] 2.040.2 0.91 £0.22 
Ha{Val 12-Ala 59-Gin 61] 1440.2 0 

Ha[ Arg 12-Ala 59-Gin 61] <1.5+0.6 0 
Ha[Gly 12-Ala 59-Leu 61] <0.36+0.13 0 


and Ha-ras proteins were purified as described previously’, with the 
addition of a second/gel-filtration step over Sephadex G-150 for the 
[Leu 61] mutant. The preparations were assayed with 4 uM [ y- P]GTP 
for GTP binding, GTPase and autophosphorylating activities at 37 °C 
for 90 min. The results are expressed relative to the amount of [y- 
2PIGTP bound after 90 min (1.01-33.7 pmol). GTPase assay blank 
values were <20% of the measured activities for the normal yeast and 
Ha-ras proteins and 50-90% of the activities for the mutant variants. 


Autophosphorylationlassay blank values were <1%. Data are the mean 


; 


+s.d. for six or seven determinations. 


Yeast ras-encoded re were purified as described in Fig. 2 legend 


lytic activity was absent (Fig. 2a, bottom panel). As described 
below, the variant SCIN[Leu 68] also lacked GTPase activity. 
The same specific GTPase activity as measured for SCIN was 
observed (data not shown) using published methods’? in 
immune precipitates (monoclonal antibody YAG-259) of the 
bacterially expressed SC1 protein and of the native gene product 
from a yeast strain containing multiple copies of the RAS*! 
gene’®. Each of the purified SC1N variants demonstrated the 
same subtle but definite differences in electrophoretic mobility 
as the analogous Ha-ras mutants (Fig. 2b). The mutant 
SCIN[Thr 66] protein migrated more slowly than the wild-type 
SCIN protein, while the SC1N [Leu 68] protein migrated faster. 
An additional slower-migrating band representing the phos- 


phorylated species was evident in preparations of purified 


nucleotide, identified by anion-exchange HPLC as GDP for 


the 260-nm shoulder on the 280-nm absorbance peak in the 
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Fig.2 a, Purification of SCIN proteins. Sephadex G-150 chromatography of SC1N (upper panel) and SCIN[Thr 66] (lower panel) proteins. 
Column fractions were diluted 1:10 with buffer A (see Methods) and assayed in parallel for 7H-GDP binding (O), GTPase activity (@) and 
autophosphorylation (A) at 37°C for I h. Void volumes for both chromatograms are marked by arrows. Inset: The UV spectrum of SCIN 
protein (0.25 mg ml~') was measured in buffer A with an IBM 1420 spectrophotometer using a I-cm path-length cuvette. b, SDS-PAGE of 
purified bacterially expressed ras-encoded proteins. Lane 1, SCIN; lane 2, SCIN[Thr 66]; lane 3, SCIN{Leu 68]; lane 4, Ha; lane 5, Haf Leu 
61]; lane 6, Ha{Arg 12]; lane 7, Ha[Val 12]. Each lane contained ~5 ug of protein except for lane 6, which contained ~3 pg. SDS-PAGE 
methods as described in the legend to Fig. 1. 

Methods. Lysates were prepared as described previously’* with addition of 2 mM EGTA, 0.1% Trasylol (Calbiochem) and 50 uM phenylmethyl- 
sulphonyl fluoride (PMSF). Prepared supernatants were diluted 1:2 with buffer A (50 mM sodium HEPES pH 7.5, 1 mM sodium EDTA, 
0.01% n-octylglucoside, I mM dithiothreitol, 2mM EGTA, 0.1% Trasylol and 50M PMSF) and applied to a column (1.5 20cm) of 
DEAE-Sephacel (Pharmacia) equilibrated with buffer A at 4°C. Elution of SCIN proteins with a 120 mi linear 0-1.0 M NaCl gradient was 
monitored by assays described below, SDS-PAGE and 260-nm and 280-nm absorbance. Pooled peak fractions (<10 ml) were applied to a 
column (2.6 x34 cm) of Sephadex G-150 and 2-ml fractions were collected. Typically, 30-50 mg of SCIN protein, >95% pure by SDS-PAGE, 
were obtained. Nucleotide binding, autophosphorylation and GTPase activities were determined in solution by published methods'*. Reactions 
were performed in 50 ul volumes of buffer B (50 mM sodium HEPES pH 8.0, 0.5 mM MgSO,, 100 mM NaCl, I mM dithiothreitol, 0.25 mM 
AMP-PNP) and 4 pM °H-GDP (binding) or 4 uM [y-?P]GTP (autophosphorylation and GTPase). The GTPase assay reaction products were 
identified as GDP and orthophosphate by poly(ethyleneimine) cellulose chromatography”'*. Protein concentration was determined with 

Bradford reagent”? as supplied by Bio-Rad. 


protein. Nevertheless, *H-GTP binding proceeded at similar 
SCIN[Thr 66] protein. rates for the three proteins. The binding occurred in two stages 

As has been observed for v-Ha p21 (ref. 27), SCIN proteins with an initial burst followed by a slow increase. These kinetics 
co-purify with bound guanine nucleotide. The endogenous are consistent with a proportion of the protein molecules having 
endogenous bound nucleotide. In contrast to 7H-GTP binding, 
SCIN, is present at ~0.5 mol per mol protein and gives rise to the binding of [y-**P]GTP reached a constant value after 1h 
(Fig. 3). The difference between the *H-GTP and [y-P]GTP 
ultraviolet spectrum of SCIN (Fig. 2a, inset). The specificity of binding curves reflects a steady state involving binding and 


nucleotide binding was determined for SC1N protein by using hydrolysis. 





unlabelled nucleotides as competitors in 7H-GDP (2 pM) bind- To test further whether oncogenic mutations in general possess 
ing assays. Exactly as observed for Ha p217, GMP, cyclic GMP, reduced GTP hydrolytic activities, we used previously described 
ATP, AMP, adenyl-5’-yl imidodiphosphate (AMP-PNP) and methods’? to prepare two new Ha-ras variants, one containing 
cyclic AMP did not compete, even at mM concentrations. GTP another substitution at position 12 (Ha[Arg 12]) and one a 
competed at uM levels while {mM ITP reduced binding of substitution at position 61 (Ha[Leu 61]). Figure 2b shows the 
*H-GDP by 80%. To compare accurately the affinity of ras SDS-PAGE analysis of the purified proteins, whereas Table 1 
proteins for GTP relative to GDP, binding assays were per- lists the rate constants for the conversion of [ras protein - GTP] 
formed with solutions containing equal amounts of both GDP to [ras protein - GDP] for the Ha p21 and SCIN variants. The 
and GTP, one of which was labelled with tritium. The affinities GTPase activities of the different oncogenic mutants varied 
of SCIN and SCIN[Leu 68] for the two nucleotides were between <2 and 10% that of the normal ras proteins, possibly 
approximately equivalent except for a small preference for GTP a reflection of the roles that the critical residues play in the 
that was more pronounced for SC1 N[Leu 68] (data not shown). GTPase mechanism; for example, some residues might be 

To understand more fully the nature of the. ras protein- catalytic active-site residues and others might be involved in 
mediated GTPase reaction, we measured in parallel the time determining active conformations. Theoretical analyses have 
courses for binding of [y-" P]GTP and *H-GTP and the hydroly- suggested that Gly 12 of p21 uniquely determines the conforma- 
sis of [y-?*P]GTP by Ha, SCIN and SCIN[Leu 68] proteins tion of the surrounding sequence!®-*8, Perhaps the presence of 
(Fig. 3). The GTPase activity of SCIN protein was twice that four consecutive Gly residues in the SC1 sequence at positions 
of Ha p21, and the activities for both of these ptoteins were analogous to 10-13 (Gly-Ala-Gly-Gly) of Ha p21 is responsible 
much greater than the GTPase activity of the SCIN[Leu 68] for SCI having twice the GTPase activity of Ha p2i. 
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Fig. 3 Time course for GTPase and GTP binding activities of 
yeast and mammalian ras-encoded proteins. a, Assay mixtures 
containing 4M [y-**P]GTP were prewarmed to 37°C and the 
reactions were initiated by addition of purified ras protein to final 
concentrations of 16.8 wg mi~? (SCIN, A), 17 pg ml! (Ha, ©) or 
13.6 pg ml”! (SCIN{Leu68}], £). At the indicated times, duplicate 
50-1 aliquots were removed, quickly chilled and analysed for 
*2p.orthophosphate after charcoal treatment as described else- 
where’. b, Same as a except that assay mixtures contained 4 pM 
*H-GTP (A, O, C) or 4 uM [ y- P]GTP (@, Ha) and were analysed 
for bound nucleotide by rapid filtration'*. Protein was determined 
by the method of Bradford?’ as supplied by Bio-Rad. 





It has been suggested that [p21 - GTP] is a growth-promoting 
complex which is deactivated on its conversion to 
[p21 -GDP]'*""", Accordingly, the GTP hydrolytic activities 
reported here for yeast and mammalian ras proteins should 
correlate inversely with the relative effects of these proteins on 
biological function. 

We thank Dr Mark Riemen for the HPLC analysis, Dr Carl 
Bennett for the peptide sequences, and Deborah DeFeo-Jones, 
Dr Martin Poe and Dr Kelly Tatchell for helpful discussions. 
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The demonstration that a specific messenger RNA can be func- 
tionally inactivated in vivo by hybridization to complementary 
polynucieotide sequences suggests a direct approach to the study 
of gene function in cells of higher organisms™?. The experiments 
described here were designed to inhibit, by complementary RNA 
sequences, a specific gene function affecting the fate of the 
Drosophila embryo. We used the SP6 vector in vitro transcription 
system’ to transcribe parts of the normally untranscribed (non- 
sense) strand of the Kruppel (Kr) gene into complementary Kr 
RNA (Kr antisense RNA). Wild-type Drosophila embryos, in- 
jected with this RNA, developed into phenocopies of Kr mutant 
embryos. 

The Kr gene has an early zygotic function in controlling 
segmentation of the Drosophila embryo*’. Embryos homozy- 
gous for Kr mutations die before hatching and show a unique 
phenotype characterized by a deletion of adjacent thoracic and 
anterior abdominal segments”. In amorphic alleles, all three 
thoracic and five anterior abdominal segments are deleted and 
replaced by a mirror image duplication of parts of the normal 
posterior abdomen (compare Fig. la and b) often including the 
dorsally located tracheal endings, the Filzkérper®. Some inter- 
mediate alleles have all thoracic and four abdominal segments 
deleted but no duplication (Fig. 1c) except that ectopic Filzkér- 
per develop frequently close to the head region®. In weaker 
alleles, progressively fewer segments are deleted and the pro- 
thorax is always developed (Fig. 1d). The weakest detectable 
phenotype is observed in heterozygous Kr embryos showing 
small defects in the denticle bands of thoracic and anterior 
abdominal segments. Such embryos may hatch and survive to 
become adults’. 

Another feature making the Kr gene useful for assessing 
sequence-specific inhibition of gene function is that the Kr* 
gene is transcribed between the syncytial blastoderm stage and 
the beginning of germ-band extension, producing a rare 2.5- 
kilobase (kb) poly(A)* RNA transcript’. Most of this transcript 
has been recovered in a 2.3-kb cDNA clone (U.B.R. et al, 
manuscript in preparation). This cDNA was subcloned, in both 
orientations, into plasmid DNA containing the SP6 promoter’, 
Kr sense and antisense RNA were transcribed from these con- 
structs with SP6 RNA polymerase and prepared for injection 
(see Fig. 2). 

Wild-type embryos were injected at the syncytial blastoderm 
stage. Sense RNA had no specific effect on the embryonic 
phenotype, but embryos injected with Kr antisense RNA 
developed lethal Kr phenocopies in high frequency (Table la 
and Fig. le, f). Some of the phenocopies developed ectopic 
Filzkorper close to the head region (‘strong Kr phenocopy’: 
Fig. 1g), as found in Kr mutants developing the intermediate 
phenotype’. This new potential of the thorax region to develop 
a structure from a dorsal-posterior position on the blastoderm 
fate map® demonstrates unequivocally the production of Kr 
phenocopies in wild-type embryos. Extreme Kr phenocopies 
resembling the amorphic Kr phenotype (Fig. 1b), however, were 
not observed, indicating that Kr* activity was not abolished 
completely. 

To determine whether extreme Kr phenocopies could be 
produced in embryos with only half the normal Kr* gene dose, 
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Fig. 1 Cuticle preparations showing the Kr phenotypes and Kr phenocopies produced by injecting embryos with Kr antisense RNA. a, 
Wild-type Drosophila larva after hatching. T1-3, pro-, meso and metathorax, respectively. Al-8, abdominal segments | to 8. Note the Filzkorper 
as a terminal posterior structure. b, Extreme Kr phenotype developed by amorphic Kr' homozygous embryos. Note the mirror image duplication 
of the sixth abdominal segment. c, Intermediate Kr phenotype®’ frequently developing ectopic Filzkérper. Note the deletion of thoracic and 
four anterior abdominal segments. d, Weak Kr phenotype’. In these alleles, ectopic FilzkGrper occur in low frequency or not at all. e~g, 
Examples of Kr phenocopies produced by wild-type embryos injected with Kr antisense RNA (4 ug ul!) as described in Table 1. e, Strong 
Kr phenocopy developed by 15% of the injected embryos listed in Table 1a. Examples of the ectopic Filzkérper material (out of focal plane) 
close to the head region are shown in the enlarged phase-contrast photographs (g). J, Weak Kr phenocopy developed by 22% of the embryos 
listed in Table la. Ectopic Filzkérper material was not observed in this class. g, Enlarged head region of a strong Kr phenocopy showing a 
pair of ectopic Filzkérper. Arrow, Filzkérper in focus; arrowhead, Filzkérper out of focal plane. Preparation of the embryos was as described 
in refs 6, 7. Details of the injection of the embryos and subsequent treatments are described in ref. 7 and in the legend to Table 1. The 
preparation and concentration of Kr antisense RNA is described in Fig. 2 legend. 


we injected embryos of Kr'/ + parents. To distinguish homozy- 
gous Kr' embryos from extreme Kr phenocopies produced in 
Kr'/+ embryos, the Kr'-bearing chromosome was marked with 
the recessive cuticle marker dopadecarboxylase (Ddc)°’”. Kr' 
is a deletion mutation of the entire Kr region’. The Kr* Ddc* 
chromosome was the multiply inverted balancer chromosome 
SM1". As shown in Table 1b, Kr phenocopy production with 
Kr'/SM1 embryos was higher than with wild-type embryos, but 
again, no extreme Kr phenocopies were obtained. Phenocopy 
production was dose-dependent and Kr sense RNA produced 
no specific effect in the injected embryos (Table 1b). Note that 
injection per se sometimes results in nonspecific effects seen in 
the cuticular pattern of embryos. To distinguish these from 
embryos scored as weak Kr phenocopies, we used stringent 
criteria (see Table 1). Thus some weak Kr phenocopies could 
have been mistaken for injection artefacts but not vice versa, 
and our determination of weak Kr phenocopies is probably an 
underestimate. 


In our most effective experiments, yielding ~ 50% of pheno- 
copies (Table 1), we injected about 300 pi concentrated antisense 
RNA (4 pg wl’) having an average length of about 120 nucleo- 
tides (Fig. 2). These numbers correspond to about 5 x 10° frag- 
mented antisense RNA transcripts per injected embryo, which 
is of the order of 10° times the number of Kr“ transcripts present 
in a wild-type embryo (U.B.R. et al, manuscript in preparation). 
The weakest (4% phenocopies, Table 1b) required more than 
50-fold excess, indicating that antisense RNA must be injected 
in excess over endogenous transcripts to result in a phenotypic 
response. These experiments did not elucidate the effective in 
vivo ratio of antisense RNA to endogenous transcript, as the 
stability of antisense RNA and the kinetic parameters of 
RNA-RNA duplex formation in vive were not evaluated. We 
can, however, assume that most of the unprotected antisense 
RNA is degraded rapidly following injection. The mechanism 
by which antisense RNA inhibits Kr’ gene function is unknown. 
It may act in the nucleus by binding to the nascent Kr poly(A)” 











Fig.2 ] nscription templates for production of Kr sense and antisense 
URNA. A 2.3-kilobase (kb) Kr cDNA fragment was subcloned in the EcoRI A 

` site of pSP62-PL*. The orientation of the cDNA insert (open arrows) relative reon NAAN econ J R 
to the SP6 promoter sequence (closed arrow) is 3'-5' in pSPcK5 and 5-3 in oL EcoRI N Y EcoRI: ` 

pSPcK6. SP6 RNA polymerase progresses clockwise (as shown) from the SP6 


\ Bolt 
promoter. Truncated linear templates were prepared by digestion with the ell entices | ji gue 
restriction enzymes Bgll (pSPcK5) and Peull (pSPcK6) followed by extraction s \ / gar \ J 
with phenol/chloroform/isoamyl alcohol (25/25/1) and water-saturated A f \ d 
diethyl ether, followed by ethanol precipitation. Pellets were washed twice in See eee Ball Be oe Oe 
70% ethanol before redissolving to | pg pl7' in 10 mM Tris-HCl, pH 8.0, 1 mM Pyull Pt 


EDTA. In vitro transcription reactions contained 6-7.5 pg ml”! linearized 

DNA, 40 mM Tris-HCI, pH 7.5, 6 mM MgCl, 10 mM DTT, 4 mM spermidine, 25 units mi~' human placental ribonuclease inhibitor (Amersham), 
500 pM each ribonucleoside triphosphate, 6-7 nM 358 UTP (800-1,200 Ci mmol”'; NEN), and 100 units ml”! SP6-RNA polymerase (NEN). 
After incubation for 40 min at 37 °C, the amount of newly synthesized RNA was estimated by determination of the fraction of 35S incorporated’ 
in trichloroacetic acid (TCA)-precipitable material. To estimate the percentage of RNA in full-length transcripts, parallel reactions producing 
RNA of high specific activity (1 x 10° d.p.m. g~') were subjected to electrophoresis in 5% acrylamide, 8 M urea gels (0.5 mm) run at 60°C. 
Autoradiography showed that >80% of the newly synthesized RNA was full length. The transcription reaction was terminated by incubation 
at 65°C for 5-10 min. Template DNA was removed by incubation at 37°C for 10 min with 50 pg ml”! RNase-free DNase-I (BRL). After 
phenol extraction (see above), sodium acetate was added to 0.3 M, the RNA was precipitated with ethanol and the pellet was washed twice 
with 70% ethanol before redissolving in distilled water. For injections, the RNA was hydrolysed to a mean length of 120-130 bases by limited 
alkaline hydrolysis in carbonate buffer at 60 °C'®. The lengths of the hydrolysis products were determined by electrophoresis and autoradiography 
as described above. After neutralization, the RNA was subjected to four rounds of solvent replacement with distilled water in a Centricon 
(Amicon) microconcentrater membrane device (exclusion limit 10,000 relative molecular mass). RNA recovered in the excluded volume was 
lyophilized in a centrifugal vacuum chamber and redissolved in 5 pl of injection buffer containing 0.1 mM sodium phosphate, pH 6.8, 5mM 
KCI. Typically, 50-75% of the input mass of in vitro synthesized RNA was recovered, as shown by radioactivity measurements of TCA- 
precipitable material. Sense and antisense RNA strands were confirmed by an S,-protection assay’? after hybridization to single-stranded 
cDNA with known orientation (U.B.R. et al, in preparation). 


RNA, leading either to its degradation or the prevention of its 
export to the cytoplasm. Alternatively, the antisense RNA may 
act in the cytoplasm by directly blocking the translation of Kr* 
mRNA. There are precedents for the latter type of inhibition in 


been demonstrated recently'*. Our study on the Kr gene shows 
that excess injected antisense RNA efficiently inactivates a 
specific gene function, resulting in phenocopies equivalent to a 
mutant phenotype. As the Kr gene is transcribed into a rare 







prokaryotes: hybridization of short endogenous RNA transcripts 
to complementary regions of specific messenger RNA plays an 
important role in the normal translational regulation of some 
bacterial genes! ™™. 

The potential of sequence-specific polynucleotide inhibition 
as a general method of genetic analysis at the cellular level has 


transcript required at an early and brief period during embryo- 
genesis’, this antisense RNA assay may affect the analysis of 
other early zygotic or maternal effect genes of Drosophila*:'*-"°. 
This approach may not be a perfect paradigm for the analysis 
of many eukaryotic genes, particularly in organisms lacking 
well-developed genetic systems. It should be noted that our 





Table 1 Kriippel phenocopy production resulting from injection of Kr sense and antisense RNA into Drosophila embryos 


a, Injection into wild-type embryos 


Weak Strong 
RNA No. of Unpigmented Pigmented Hatched Injection Kr pheno- Kr pheno- 
Injected concn injected Developed (homozygous (Ddc*) larvae* artefacts copiest copies§ 
RNA (wg pl!) embryos embryos Kr') embryos§ embryos + (%) (%) (%) (%) 
Sense 3 300 263 193 (73) 70 (27) 0 0 
Antisense 0.7 250 226 164 (72) 41 (18) 17 (7) 4 (2) 
4 207 174 71 (41) 38 (22) 38 (22) 27 (18) 
b, Injection into embryos from Dde”? Kr'/ + + parents|| 
Sense 0.6 300 229 60 169 141 (83) 28 (17) 0 0 
3 310 255 55 200 183 (92) 17 (8) 0 0 
Antisense 0.15 250 218 39 179 138 (77) 34 (19) 5 (3) 2 (1) 
0.7 250 225 44 181 114 (63) 31 (17) 23 (13) 13 (7) 
4 398 248 59 189 21 (11) 75 (40) 39 (21) 54 (28) 





Sense or antisense RNA was prepared as described in Fig. 2 legend from pSPcK5 and pSPcK6 templates, respectively, and injected into the middle of syncytial 
blastoderm stage embryos through the anterior or posterior pole. Data from anterior and posterior injection sites were pooled as no significant differences were associated 
with the site of injection. The injection volume was ~ 200-300 pl as described in ref. 7. RNA concentrations were determined as described in Fig. 2 legend and by Azgo 
measurements. Numbers in parentheses represent % of total (in a) or pigmented embryos (6) which develop cuticle. 

* Excluding unfertilized eggs and embryos which died before cuticle formation. 

+ Embryos showing nonspecific defects in cuticular pattern, Note that this class probably includes some weak Kr-phenocopies showing additional nonspecific cuticular 
abnormalities. 

+ Embryos having deletions of mesothorax, metathorax, and at least one anterior abdominal segment but lacking ectopic Filzkérper. Embryos with cuticular wounds 
or other abnormalities (from injection) were classified as injection artefacts. 

§ Embryos with segment deletions plus ectopic Filzkérper material in the deleted thoracic region. This class includes some embryos having injection artefacts, since 
these embryos possessed a positive criterion (ectopic Filzkérper) for scoring. 

|| The ++ chromosome was the second chromosome balancer SM1'°; thus the recessive larval cuticle marker Ddc™ always cosegregates with Kr’. Assuming normal 
segregation of chromosomes during gametogenesis, the expected ratio of embryonic genotypes was 1:2:1 for ++/++, Ddc™ Kr'/++, and Dde™ Kr'/ Dd Kr', 
respectively. 

{Homozygous Kr' embryos were distinguishable from the embryos of the other two genotypic classes by their unpigmented cuticle resulting from the homozygous 
Dde™’ mutation, and by the fully penetrant amorphic Kriippel phenotype. 

# Embryos posssessing the Dde“ allele of SMi developed normally pigmented cuticle, and were thereby distinguishable from Kr' homozygotes. This category consists 
of embryos of the Ddc"’ Kr'/++ and ++/++ genotypes in a 2:1 ratio, respectively. These comprise hatched larvae, embryos classified as injection artefacts, and weak 
and strong Kriippel phenocopies. 









sense RNA assay as a specific probe for endogenous gene 
` expression is far from being optimized. For example, capping 
of antisense RNA to possibly prevent its immediate degradation 
of ‘flipped gene’ constructs transcribing from a strong and 
permanent or inducible promoter in transformed cells (see ref. 
1) or transformed embryos” have not yet been tried. The general 
usefulness of the antisense RNA assay may thus be evaluated 
as additional genes and other developmental systems are 
examined. 
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The glucocorticoid receptor of rat liver recognizes nucleotide 
sequences near the promoter of mouse mammary tumour virus 
(MMTV) required for hormonal induction in gene transfer experi- 
ments'“. Similar nucleotide sequences have been found in the 
human metallothionein gene Il, (ref. 5) and in the chicken 
lysozyme gene’, the latter induced also by oestrogen, progesterone 
and androgens. In microinjection experiments, deletion of only 44 
base pairs (bp) of the lysozyme promoter (from —208 to —164) 
results in coordinated loss of progesterone and glucocorticoid- 
dependent gene expression“. We show here that purified glucocor- 
ticoid receptor from rat liver and progesterone receptor from rabbit 
uterus yield similar or overlapping exonuclease III footprints in 
the promoter regions of MMTV and chicken lysozyme. Thus, the 
regulatory elements for different steroid hormones may be similar 
or at least share structural features. 

In previous DNA binding experiments, we have used the 
partially purified rat liver glucocorticoid receptor’. To compare 
DNA binding properties of the receptors for two different steroid 
hormones, we chose the progesterone receptor of rabbit 
uterus*"'". The purification procedure involves an affinity 
chromatography on a deoxycorticosterone matrix in the pres- 
ence of micromolar concentrations of dexamethasone, elution 
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Fig. 1 DNA filter binding studies with the lysozyme promoter. 
A, Two plasmids, pUClys-550/-161 and pUClysA-164, containing 
the regions a and b of the lysozyme promoter (top diagram), were 
mixed in equimolar amounts with the vector pUC8, digested with 
EcoRI, and end-labelled with [a-**P]GATP and the Klenow frag- 
ment of Escherichia coli DNA polymerase I (ref. 7). The labelled 
DNA (10ng) was incubated with the partially purified gluco- 
corticoid or progesterone receptors at 25°C for 45 min and the 
protein-bound DNA fragments were analysed by filtration through 
nitrocellulose and electrophoresis on 1% agarose gels’. The 
autoradiograms were scanned with a microdensitometer and the 
intensity of each band relative to the vector was divided by the 
corresponding value in the input mixture to yield the extent of 
preferential binding, as shown in the right (maximal values). 
Glucocorticoid receptor: lanes | and 13, input DNA fragments; 
lane 2, fragments retained in the absence of the receptor; lanes 
3-8, fragments bound in the presence of 5, 10, 20, 40, 60, 80 ng of 
receptor at 60mM NaCl; lanes 9 and 10, fragments bound in the 
presence of 80 ng receptor at 100 and 150 mM NaCl; lanes |} and 
12, fragments bound by 80 ng receptor at 60mM NaCl, in the 
presence of 25 and 50 ng calf thymus DNA. Progesterone receptor: 
lanes | and 7, input DNA fragments; lane 2, fragments retained 
in the absence of receptor; lanes 3 and 4, fragments bound by 5 
and 10 ng of receptor at 60mM NaCl; lane 5, fragments bound 
by 10ng of receptor at 100mM NaCl; lane 6, fragments. bound 
by 10 ng of receptor at 60mM NaC! in 25 ng calf thymus DNA. 
B, Summary of filter binding data with deletion mutants. A series 
of plasmids containing progressive 5’-deletions in the lysozyme 
promoter region was used for filter binding experiments with. the 
glucocorticoid receptor (W) or the progesterone receptor (@) 
similar to those shown in A. The end-points of the deletions are 
shown in the abscissa. The ordinate gives the average and when 
indicated the standard error for the relative intensity of the corre- 
sponding bands in the autoradiograms, calculated as described 
in A. 








Fig. 2 Exonuclease HI footprints of the 
MMTV promoter. The indicated restriction 
fragments were labelled at the 5’ ends (*) with 
[y-"*PJATP and T4 polynucleotide kinase and 
subjected to exonuclease III digestion (37°C, 
5 min, 30 units enzyme in 60 jl or 100 ul assay 
at 5mM MgCl.) without (C) or with previous 
incubations with glucocorticoid receptor (G,, 
160.ng; G., 250.ng) or progesterone receptor 
(Pi, 80ng; P} 120ng). Aliquots of the end- 
labelled fragments were also subjected to 
guanine (g) and pyrimidine (c/t) base-specific 
chemical sequence analysis’*. After digestion 
the samples were phenol extracted and elec- 
trophoresed in 6% acrylamide-urea sequencing 
gels'*. The numbers refer to positions upstream 
of the initiation of transcription ‘cap’. 





with Org 2058 (a synthetic progestin which does not bind to 
glucocorticoid receptor)? and differential chromatography on 
phosphocellulose (S.J. and M.B., in preparation). The final 
preparation is about 30% pure and exhibits two main protein 
bands of relative molecular mass (M,) 81,000 and 105,000 which 
can be covalently labelled with steroid by irradiation"’. This 
preparation is free of any contaminating glucocorticoid receptor 
as determined by binding of *H-triamcinolone acetonide or with 
monoclonal antibodies against the glucocorticoid receptor'’. 
We have detected previously two binding sites for the 
glucocorticoid receptor in the promoter region of the chicken 
lysozyme gene, a strong site at around position —60 containing 
the hexanucleotide 5'-TGTTCT-3’ in the lower strand and a 
weak site at around —180 (ref. 6). The latter binding site overlaps 
the region responsible for hormone-dependent expression of the 
lysozyme promoter in microinjection experiments®. We here 
compare the relative affinities of these two sites for the partially 
purified progesterone receptor from rabbit uterus. A restricted 
plasmid containing the binding site at —60 is bound preferen- 
tially by the glucocorticoid receptor but only weakly by the 
progesterone receptor (Fig. 1 A). A restricted plasmid containing 
the binding site at —180, however, showed a higher affinity for 
the progesterone than for the glucocorticoid receptor. Figure 
1B shows a summary of results obtained with a series of 5‘ 
deletion mutants using the nitrocellulose filter binding assay. 
With the glucocorticoid receptor, only the strong binding site 











between —39 and —74 is detected, because DNAs containing 
this site are quantitatively retained on the filters. With the 
progesterone receptor, two binding sites are observed clearly, 
one between —164 and —208 and another between —39 and —74: 
the affinity for the latter site is lower than with the glucocorticoid 
receptor. 

A more precise analysis of the nucleotide sequences recog- 
nized by each hormone receptor requires footprint experiments. 
As the concentration of progesterone receptor in partially 
purified form was not sufficient to obtain quantitative binding 
of DNA fragments required for DNase I protection experiments, 
we decided to use the very sensitive exonuclease IlI footprint 
assay’*. In this assay a signal is observed when the progression 
of the exonuclease from the 3’ end towards the 5’-labelled end 
is blocked by the presence of a bound protein. To test the validity 
of this method for the localization of DNA-bound receptors, 
we performed experiments with the MMTV promoter where 
defined DNase I footprints have been established’. 

Our results (Fig. 2) show that in addition to the half-size 
signals there are several stops in the absence of receptor, prob- 
ably representing sequence-dependent pauses in the exonuclease 
digestion'*'>. Only those stops absent from the controls are due 
to receptor binding. The limits of the exonuclease II] footprints 
originated by glucocorticoid receptor binding coincide with the 
limits of the previously described DNase I footprints? (Fig. 2a), 
In Fig. 26, only the stop at —190 is shown, as this strong binding 
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Fig. 3 Nucleotide sequences around the promoters of a, MMTV 
and b, chicken lysozyme gene. The DNase I footprints obtained 
with. glucocorticoid receptor in the MMTV promoter are under- 
lined’. In the lysozyme promoter region the underlined sequences 
indicate the exonuclease II] footprints. The hexanucleotide 5’- 
TGTTCT-3’ is indicated by horizontal arrows between the strands. 
Also shown by horizontal arrows in the lysozyme promoter is the 
decanucleotide 5'-ATTCCTCTGT-3’ present in both binding sites®. 
The limits of the exonuclease footprints are indicated by vertical 
arrows labelled, g for glucocorticoid receptor; p for progesterone 
receptor, or gp for both. The TATA boxes and the ‘cap’ sites are 
indicated. Numbers refer to positions upstream of the initiation 
of transcription. 
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ite is tively occupied by the receptor, thu 
preventing the exonuclease II molecules from. progressin, 
towards the weaker sites further downstream. Therefore, we do 
not know whether the limits of the footprints in the lower strand 
are the same for both hormone receptors. 

A comparison of the exonuclease IH stop signals obtained 
with the rabbit progesterone receptor and with the rat glucocor- 
ticoid receptor shows that all five stops are located at the same 
positions but exhibit different intensities (Fig. 2). The stops at 
positions —70, —85 and —105 are much weaker with the pro- 
gesterone receptor, whereas the signal at position —160 is weaker 
with glucocorticoid receptor, probably due to the higher 
frequency of occupancy of the other sites. Thus in the promoter 
region of MMTV, the progesterone receptors of rabbit uterus 
bind to the same sites as the glucocorticoid receptors of rat liver, 
although the relative affinities of each receptor for the individual 
sites are different (Fig. 3a). 

In the promoter region of the chicken lysozyme gene we find 
two binding sites for each receptor. Three of the four exonuclease 
IHI stops detected are at the same positions (at ~200, ~80 and 
—54) with both glucocorticoid and progesterone receptor (Fig. 
4). Although the stops at positions ~54 and —80 are stronger 
with the glucocorticoid receptor, the stop at —200 is relatively 
stronger with the progesterone receptor. 

The 3’ limit of the binding site at —180 differs for both 
receptors. The glucocorticoid receptor yields a signal at position 
—174, whereas in the presence of the progesterone receptor no 
signal is observed in this position (Fig. 4). Instead the pro- 
gesterone receptor causes a clear stop at position ~160, where 
no signal is observed with the glucocorticoid receptor. Thus, 
the length of exonuclease III footprints is 26 bp for both recep- 
tors in the binding site around ~60, whereas in the binding site 
at — 180, the glucocorticoid receptor still occupies 26 bp, but the 
progesterone receptor protects 40 bp (Fig. 35). 

Together with the results of the MMTV experiments, these 
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~ Fig. 4 Exonuclease footprint of the lysozyme 
promoter. The indicated restriction fragments, 
` labelled at the 5’ end, were subjected to exonu- 
clease footprint and base-specific sequencing 
reactions as described in the legend to Fig. 2. 
Lanes | and 6, control reactions without added 
receptors; lanes 2 and 3, exonuclease footprints 
in 100 and 200-ng of glucocorticoid receptor 
(GR), respectively; lanes 7 and 8, exonuclease 
footprints in equivalent amounts of pro- 
gesterone receptor (PR); lanes 4 and 5, G and 
C/T sequencing reactions, respectively’. The 
stops in the upper strand are shown in the left 
panel; those in the lower strand in the right 
panel. 
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receptor of rabbit uterus can bind to the same sites as the 
glucocorticoid receptor of rat liver; (2) when the hexanucleotide 
5’-TGTTCT-3' is part of the binding site, the limits of the 
exonuclease IH footprints are the same for both receptors; (3) 
the differences between glucocorticoid and progesterone recep- 
tors in terms of relative affinity to different sites suggest that the 
recognition. mechanism is not identical for both receptors; (4) 

- An the binding site at —180 of the lysozyme promoter, the different 
length of the footprints observed with both receptors confirms 
that the sequences recognized by the progesterone receptor are 
not necessarily identical to those bound by glucocorticoid 
receptor. 

The functional significance of the interaction between the 
progesterone receptor and the MMTV promoter remains obscure 
as we have not found any suggestion of a progesterone effect 
on MMTV expression. For the chicken lysozyme gene, there is 
a good correlation between the sequences responsible for 
glucocorticoid and progesterone-dependent gene expression’. 
As this gene, as well as the other egg white protein genes, are 
induced by four classes of steroid hormones, oestrogen, proges- 
tins, glucocorticoids and androgens acting through their own 
receptors'°, we wondered about the general validity of our 
findings. A revision of the literature shows that the ovalbumin 
promoter contains the sequence 5'-GGGTAACAATGTGTTTT- 
3’ at position —177 in the lower strand in a region thought to 
bind the progesterone receptor and to be required for hormonal 
regulation'®, This sequence is 88% homologous to the consensus 
sequence for the binding site of the glucocorticoid receptor’. In 
the region of the chicken vitellogenin promoter that is protected 
against DNase I by the oestrogen receptor”, we find the 
sequence 5'-CGGCATCAATGTGTITCT-3’ at position —587 in 
the lower strand; that is, over 90% homologous to the above- 
mentioned consensus’. Similar sequences are found in the pro- 
moter regions of the genes for an androgen-dependent rat pros- 

„tatic protein'* and for an ecdysone-inducible Drosophila gene’. 
Preliminary experiments show that some of these elements 
actually bind the rat liver glucocorticoid receptor (C.S., unpub- 
lished). Thus, it seems that the regulatory elements for different 
steroid hormones, not only progesterone and glucocorticoids, 
are either similar or at least share structural features. A definitive 
solution of this question will come from an analysis of the 
contact sites between the different receptors and the DNA bind- 
ing sites, similar to that performed with the MMTV promoter 
and the glucocorticoid receptor”. Finally, it will be useful to 
have a test for distinguishing between productive and non- 
productive receptor-DNA interactions. Receptor binding to 
DNA probably is only the first step in a chain of events: subtle 
differences in the quality of the interaction may determine its 
functional consequences. 

We thank H. M. Westphal and U. Vaupel for the preparation 
of the glucocorticoid receptor. This work was supported by 
grants from the Deutsche Forschungsgemeinschaft and the Fond 
der Chemischen Industrie. 
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results allow the following conclusions: (1) The progesterone 
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The metallothioneins (MTs) are a family of proteins of low 
relative molecular mass which bind heavy-metal ions'. MTs exist 
in several molecular forms (MT-I, MT-II) and are encoded by a 
multi-gene family containing at least 14 closely related genes and 
pseudogenes’. These proteins function in the regulation of trace- 
metal metabolism, the storage of these ions in the liver, and as a 
protective mechanism against heavy-metal toxicity’. Somatic cell 
hybridization has shown that most MT genes, including the func- 
tional MT genes (MTIA, MTIB, MTZ2A), lie on human chromo- 
some 16 (refs 4, 5). Using in situ hybridization®’, we have now 
localized the MT genes to band q22 of chromosome 16. This 
chromosomal band is also a breakpoint in two specific rearrange- 
ments, the inv(16)(p13q22) (ref. 8) and t(16; 16)(p13; q22) rear- 
rangements, found in a subgroup of patients with acute 
myelomonocytic leukaemia (AMML). Hybridization of a MT 
probe to malignant cells from two patients with an inv(16) showed 
labelled sites on both arms of the inverted chromosome, indicating 
that the breakpoint at 16q22 splits the MT gene cluster. Similar 
results were obtained when this probe was hybridized to metaphase 
cells from two patients with a t(16; 16). These results suggest that 
the MT genes or their regulatory regions’ may function as an 
‘activating’ sequence for an as yet unidentified cellular gene located 
at 16p13. 

To sub-localize the MT gene cluster on chromosome 16, we 
performed in situ hybridizations with a complementary DNA 
probe of the MT2A human gene (hMT-II,)!° to normal human 
metaphase chromosomes. Metaphase cells obtained from 
phytohaemagglutinin-stimulated peripheral blood lymphocytes 
were hybridized with a radiolabelled probe using methods 
modified from those of Harper and Saunders®’. Of 100 meta- 
phase cells examined, 25 were labelled on region 2 (bands 
q21-q24) of the long arm of one or both chromosomes 16 (Fig. 
1). These sites represented 10.7% (29/271) of all labelled sites 
(P <0.005); the largest cluster of grains was observed at 16q22. 

In addition to the localization on chromosome 16, we observed 
a significant cluster of grains on 1p34-p36 (15/271 sites, 5.5%, 
P<0.005), thereby sub-localizing another MT gene. These data 
agree with those of Schmidt et al, who determined that the 
remaining MT genes are dispersed to at least four other auto- 
somal sites on chromosomes 1, 4, 18 and 20 (ref. 4). These 
workers localized two EcoRI fragments (6.2- and 2.8-kilobase 
(kb) bands) of genomic DNA that hybridized with MT cDNA 
to chromosome 1. The 6.2-kb band was mapped to the distal 
two-thirds of the short arm of chromosome | and it was suggested 
that the smaller fragment was on the long arm of this chromo- 
some. However, these genes are not expressed in human-mouse 
cell hybrids, and are likely to be transcriptionally silent®. 

The localization of the functional MT genes to 16q22 is 
particularly interesting in view of the recent identification of a 
nonrandom chromosomal abnormality in a human tumour 
involving this chromosomal region. An inversion of chromosome 
16 [inv(16)(p13q22)] is present in 25% of patients with AMML 
and is associated with unique morphological and cytochemical 
abnormalities of bone marrow eosinophils”. Two less common 
abnormalities also showing these features are a deletion of 
chromosome 16 [del(16)(q22)]'' and a reciprocal translocation 
involving the two homologues of the chromosome [t(16; 16) 
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Fig. 1 Distribution of labelled sites in 100 normal metaphase cells. The major cluster of grains is on region q2 of chromosome 16. A second 
cluster of grains is on region p3 of chromosome 1. Human metaphase cells prepared from phytohaemagglutinin-stimulated peripheral blood 
lymphocytes were hybridized with the *H-labelled pH-MT-II, plasmid DNA containing the full coding region plus the untranslated 5’- and 
3/-flanking regions of human MT2A cDNA". The MT2A coding region cross-hybridizes to all known MT genes®. Radiolabelled probes were 
prepared by nick-translation of the entire plasmid with all four 3H-labelled deoxynucleotide triphosphates to specific activity 3.5 x 10’ d.p.m. 
per pg. In situ hybridization was performed as described previously’. 


























(p13: q22)]'?. As in the case of the inv(16), the breakpoint in 
the long arm is located at band q22. A complex translocation 
involving both the short and long arms of one chromosome 16 
and chromosome 1 [t(1; 16; 16)(q32; p13; q22)] has also been 
described”. Of the two junctions that result from the inv(16) 
and t(16;16) rearrangements, namely proximal 16p13-distal 
16q22 and proximal 16q22-distal 16p13 (Fig. 2), only the latter 
junction is conserved. The former junction has been replaced 
by a reciprocal exchange of material with chromosome 1, sug- 
gesting that the conserved junction created by the movement of 
distal 16p13 to proximal q22 is the critical gene rearrangement. 
To determine whether the MT gene cluster is altered by these 
rearrangements, we hybridized the MT2A cDNA probe to meta- 
phase chromosomes from leukaemic bone marrow cells from 
two patients with an inv(16) rearrangement (Table 1). Of 111 
metaphase cells examined from patient 1, 33 (29.7%) were 
- Jabelled on either the normal chromosome 16 or the inv(16), or 
on both. Both chromosomes 16 were specifically labelled (P< 
0.005). Analysis of the distribution of grains from 23 labelled 
normal homologues and 25 labelled inverted chromosomes 16 
(Fig. 2) revealed that 14 labelled sites (3.9% (14/355) of all 
labelled sites) were on the normal chromosome 16 at bands 
q21-q24. In the inverted chromosome, 12 labelled sites (3.4%) 
were noted on the short arm (8 grains were located at the junction 
of 16p13 and q22) and 13 labelled sites (3.7% ) were observed 
on the long arm (6 grains were identified at the junction of 
16q22 and 16p13). Analysis of cells from a second patient 
showing this rearrangement gave similar results (Table 1). Thus, 
this chromosomal rearrangement splits the MT gene cluster and 
relocates a portion of this gene cluster to a new site at 16p13. 
As in the inv(16) rearrangement, the t(16; 16) involves an 
exchange of material at the same breakpoints between the short 


and long arms of the chromosome 16 homologues, with the 
result that one has additional material on the short arm (16p+) 
and one lacks material from the long arm (16q~). In situ 
hybridization of the MT2A probe to metaphase cells from two 
patients with a (16; 16) translocation revealed that the MT gene 
cluster is also divided by this rearrangement, and a portion of 
this cluster is relocated from the 16q— chromosome to l6p of 
the 16p+ chromosome (Table 1). Figure 3 shows the distribution 
of grains from 27 labelled chromosomes 16 from patient 3. Of 
75 metaphase cells, 20 (27%) showed labelling of one or both 
chromosomes 16; both homologues were significantly labelled 
(P <0.005). The 16p+ chromosome (Fig. 3, left) had 8 labelled 
sites (8/184, 4.3%) over 16q22-q24, as well as 4 grains in the 
short arm, at the 16p13-16q22 breakpoint junction. Four labelled 
sites were noted at the breakpoint junction on the long arm 
of the 16q— (Fig. 3, right). Similar results were obtained for 
a second patient with the (16; 16) translocation (patient 4, 
Table 1). 

There are several mechanisms by which MT genes may be 
integrally involved in the pathogenesis of leukaemia affecting 
the myeloid series. Mature eosinophils and granulocytes have 
a high zinc content in their granules, and both monocytes and 
granulocytes store and secrete several zinc metalloenzymes"*. 
MT functions in the intracellular binding and storage of zinc 
and may therefore have an important role in granulocyte and 
monocyte differentiation. It is noteworthy that the specific 
morphological abnormality associated with this leukaemia is 
the accumulation in the bone marrow of eosinophils containing 
immature and dysplastic granules*. Other metal-ion-binding and 
transporting proteins, for example, transferrin and the transfer- 
rin receptor, also seem to have an integral role in the control 
of proliferation of certain cells’*. 
















Table 1 Analysis of in situ hybridizations of malignant cells from patients with acute myelomonocytic leukaemia 
No. of labelled sites (%) 
No. of 
metaphase No, of No. of cells t(16; 16) 
Patient Chromosomal cells labelled labelled on Normal inv(16) 16p+ l6q- 
abnormality analysed sites chr. 16 (%) chr. 16 parm qarm qarm parm q arm 
inv(16) iti 355 33 (30%) 14 (4%) 12 (3.4%) 13 (3.7%) — — —_ 
inv(16) 50 101 88 (36%) 7 (7%) 6 (6%) 4 (4%) — — == 
t(16; 16) 75 184 20 (27%) — — — 8 (4.3%) 4 (2.2%) 4(2.2%) 
t(16; 16) 22 62 8 (36%) — — — 3 (5%) 5 (8%) 3 (5%) 
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Fig. 2 Distribution of labelled sites on 23 normal (left) and 25 

rearranged (right) chromosomes 16 from 111 metaphase cells from 

an AMML patient with an inv(16) rearrangement. The arrows 

identify the breakpoints on the normal chromosome 16 and the 
breakpoint junctions observed in the inv(16)(p13q22). 
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Fig. 3 Distribution of labelled sites on chromosome 16 hom- 

ologues from 75 metaphase cells from an AMML patient with a 

t(16; 16)(p13; q22) rearrangement. The 16p+ and 16q— chromo- 

somes are on the left and right, respectively; the arrows identify 
the breakpoints. 


Alternatively, because the normal function of more than one 
gene may be altered by a chromosomal rearrangement, it is 
possible that the transcriptional control elements of MT are 
involved in the activation of an as yet unidentified cellular gene, 
located on 16p13, whose function is analogous to that of a 
cellular oncogene. In this regard, it will be important to identify 
the precise MT gene involved in this rearrangement, as there 
are several known differences in the control elements associated 
with the MTIA and MT2A genes (refs 9, 16 and A. Haslinger 
and M.K., in preparation). 

Finally, the presence of a heritable fragile site at 16q22, 
observed in the chromosomes of normal cells from some of 
these patients'”"'°, may indicate a predisposition of such patients 
to undergo rearrangements of chromosome 16. If the fragile site 
at 16q22 proves to be associated with the inv(16) rearrangement, 
MT will be the first gene mapped to a heritable fragile site. 
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Enhancers are cis-acting control elements which can stimulate at. 
a distance the activity of a variety of eukaryotic promoters. First 
identified as a repeated 72 base pair (bp) sequence upstream of — 
the simian virus 40 (SV40) early gene promoter'~*, enhancers have _ 
since been shown to be associated with numerous other viral® and © 
cellular’? genes. Although there are no strong homologies 
between the sequences of different enhancers, a number of short 
and degenerate consensus sequences have been identified, in- 
cluding the ‘core’ element GTGG*/,4/,°/;G (refs 14, 15) and 
stretches of alternating purines and pyrimidines which may have 
the potential to form left-handed Z DNA". To study the func- 
tional significance of two alternating purine and pyrimidine 
sequences in the SV40 enhancer, we have introduced various combi- 
nations of point mutations into a modified SV40 enhancer which 
contained only one copy of the 72 bp element (W.H., Y.G., A. 
Nordheim and A. Rich, unpublished results); one of these combina- 
tions impaired both the activity of the enhancer and growth of 
SV40. We describe here the structure of 18 revertants of this- 
mutant and suggest that in each of the 18 revertants, the defects 
of the original mutant have been overcome by simple tandem 
duplications in the enhancer region, all of which include the ‘core’ 
element. 

The structure of the mutant dpm 12, from which the revertants - 
were selected, is illustrated in Fig. 1a. The mutant differs from 
wild-type SV40 strain 776 in that it lacks one copy of the 72 bp 
repeat and contains four base substitutions: two transversions 
in the 8bp stretch of alternating. purines and pyrimidines 
upstream of the 72 bp element (hatched box A) and two transver- 
sions in the alternating purine and pyrimidine stretch in the 
72 bp sequence itself (hatched box B). We have been unable to 
propagate this mutant in the simian cell line CV-1. Growth 
revertants, however, are obtained readily after transfection of ` 
CV-1 cells with relatively high concentrations of dpm12 DNA 
followed by serial passage of the resulting virus stocks in CV-! 
cells (see Fig. | legend). The enhancer sequences from revertants 
isolated by this method were analysed by nucleotide sequencing 
following molecular cloning of the enhancer region into M13 
bacteriophage. 

Figure 1b shows the structure of the enhancer region from 
18 independent revertants; each revertant enhancer preserves 
the four original point mutations of dpm 12 but carries a simple 
tandem duplication of between 45 and 135 bp. (Tandemly dupli- 
cated regions are shown as rectangular boxes in Fig. 1b. Other 
than these duplications there are no changes, such as point. 
mutations, from the dpm12 mutant in the enhancer region of 
these revertants.) The revertant duplications (rd) are named 
according to their length in bp (for example, rd135 carried a 
135 bp duplication) and are shown diagrammatically in Fig. 1b 
in order of size. Of all the independently isolated mutants, only 
two (rd64-1 and rd64-2) have an identical structure. 

To demonstrate that these enhancer region duplications are 
indeed responsible for the phenotypes of the revertants, the 





Fig. i Structure of revertants of the SV40 enhancer mutant, — 









































dpm12. a, Diagram of a SV40 control region containing only one Oise 
copy of the 72 bp element. Shown from right to left are the early aa 
transcriptional start site (wavy arrow), the origin of replication on ae AN 
(ori), the AT-rich TATA-like element (A/T), the two GC-rich 21 bp Tetster  6caTecat 
repeats and the single 72 bp element. The location of the two 8 bp bol I e d e 
stretches of alternating purines and pyrimidines is identified by b At AS i : Relotive 
hatched boxes; the sequence of each of these stretches and the Revertant Duplicated Region Sma hee ee 
base substitutions found in each of these segments in the dpmi2 
mutant are shown directly below the boxes. b, Rectangular boxes rdi35 i HOES x } 94 og 04 
represent the extents of the tandemly-duplicated region in each of rdi27 c = I a os Be or 
the 18 independent revertants of dpm12, ordered from top to ft 
bottom by size and aligned with the diagram in Fig. 1a. The end rd26 C 93 os os 
points (from left to right) of each duplication in the SV numbering rds o8 o4 os 
system”? are as follows (note that nucleotides 179-250 are missing a6 Pe o3 ae 
from dpmi2): rd135, 297-91; rd127, 309-111; rd126, 309-112; i f 
rd115, 295-109; rd100, 304-133; rd97, 282-114; rd88, 265-106; rd97 0.4 o2 oA 
rd85, 283-127; rd71, 275-133; rd66, 300-163; rd65, 176-112; daa k ats és 
rd64-1 and —2, 291-156; rd62a, 296-163; rd62b, 258-125; rd53, 
257-133; rd51; 257-135; rd45, 253-137. The series of double Xs rd85 28 23 ia 
identifies the positions of the original point mutations where dupli- rd7I o7 o9 o7 
cated. The stippled area in each rectangular box corresponds to rd66 iD bs bE 
the 15 bp region common to all the duplications; the sequence of 
this region is shown at the bottom of the figure with a bracket 1d65 0.4 0.4 08 
outlining the ‘core’ element’. e, Relative concentrations of B-  „de4-i or os o4 
globin RNA after transient expression in HeLa cells of the human 
B-globin gene linked individually to each duplicated revertant eaz te Se Ga 
enhancer (see Fig. 2 legend). The results are the average of three rd62a o6 02 o5 
experiments and are normalized to the concentration of B-globin rd62b ba ai oa 
RNA obtained with the wild-type enhancer from strain 776, which 
contains two copies of the 72bp element (2x72). d,e, Relative rd53 08 oa 04 
infectivity and plaque size, respectively, of SV40 containing the rd5l o5 03 oa 
revertant enhancers compared with the strain 776 construct. The : a As >à 
strain 776 pK1K1 plasmid transfection yielded 10° plaques ug! oas i w 
of SV40 DNA, 4-6 mm in diameter after 19 days. ND, not deter- ae =~ dpmi2 om o Š 
mined. TOTOSARAGTEOCEA 

xe Ix 72 0a o5 o7 


Methods. Revertant isolation and sequence analysis: The mutations 
in dpm12 were made by site-directed oligonucleotide mutagenesis 
(ref, 33 and W.H. and Y.G., unpublished results). The plasmid 
pKidpm12 contains the SV40 genome with the dpm 12 base substi- 
tutions cloned at the EcoRI site in the plasmid vector pMK16 #6 
(ref. 34). Circular dpm12 SV40 DNA used to transfect CV-1 cells was obtained by digesting pK1!dpm12 with EcoRI followed by treatment 
with ligase. Two of the revertants, rd127 and rd62a, arose during the initial analyses of the various combinations of point mutations we had 
constructed. The remaining revertants were isolated systematically as follows: ten 25-mm Falcon plates of CV-1 cells were transfected by 
DEAE dextran?’ with 0.1 pg circular dpm12 SV40 DNA. Virus lysates were obtained after 10 days and then passaged twice in CV-1 cells. 
After these passages two revertants were isolated from each virus stock by two rounds of plaque purification. DNAs from each revertant were 
purified by the Hirt procedure and a portion was analysed directly by double digestion with Hpall and BglI followed by polyacrylamide 
gel electrophoresis. We found that in each revertant the short Hpall/ Bgll fragment spanning the enhancer region was larger than in the 
original dpm12 mutant. The short Kpn1/ Bgll fragment from each revertant was cloned into the M13 mp8 derivative vector mpSVO1 (W.H. 
and Y.G., unpublished results), carrying the SV40 Hpall to HindIII ori fragment and cut with KpnI and BglI. Each revertant was sequenced 
by the dideoxynucleotide method?” as described previously** except that the reactions were carried out in microtitre plates. Because rd127, 
rd126, rd100 and rd66 had duplicated the SV40 KpnI site, these revertants were sequenced after cloning the Hpall to HindIII SV40 ori 
fragment from each one between the Smal and HindIII sites of the M13 vector mp8 (ref. 39). The following pairs of revertants originated 
from the same transfection: rd97 and rd115; rd45 and rd100; rd53 and rd126; rd51 and rd64-2; rd66 and rd71; rd62a and rd88. Revertant 
SV40 reconstructions and plaque assays: The enhancer region of wild-type SV40 was replaced by the revertant duplications as follows: 
single-stranded. M13 clones containing the revertant enhancers were made double-stranded by extending an annealed sequencing primer 
through the cloned sequences with polymerase and deoxynucleotide triphosphates. The resulting DNAs were phenol extracted, ethanol 
precipitated and digested with KpnI and Bgll. The short Kpn1/ Bgl SV40 ori fragment was ligated to the large Kpn1/ Bgll fragment of the 
plasmid pK1K1. This plasmid consists of the vector pMK16#6 and 1,27 copies of the SV40 genome in which nucleotides 346-1782 
(Hpall/ EcoRI) are duplicated (R. Gerard, personal communication). The enhancer region from the four revertants in which the unique SV40 
Kpni site is duplicated (rd 127, rd 126, rd100, and rd66) was recreated in SV40 by cloning the small KpnI fragment from these revertants into 
Kpni-digested pK1Kidpm12 plasmid DNA and screening for clones with a single correctly-oriented small KpnI fragment. The duplicated 
0.27 copies of SV40 sequence allow for excision and replication of the complete SV40 genome after transfection into CV-1 cells. Plaque assays 
were done on 60-mm plates by transfecting 40 ng DNA from each pK 1K1 revertant plasmid construction into CV-I cells; plaques were counted 
and their size measured on days 14 and 19. The relative results for both days were similar. 
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enhancer region from wild-type SV40 was replaced by the rever- To establish whether the revertant phenotype is correlated 





tant duplications. The viability of the resulting constructs was 
then tested by plaque assay in CV-1 cells and compared with 
the viability of wild-type SV40. The results of these experiments 
are shown in Fig. id,e. Each duplicated revertant generates 
plaques after transfection of CV-1 cells under conditions where 
the original dpm12 mutant is non-viable; none, however, grow 
as well as the wild-type SV40 strain (see 2 x72 in Fig. 1). The 
revertants display a wide variety of infectivities ranging from 
rd45 (a poorly-growing revertant) to rd71 (with better infectivity 
than SV40 carrying a single copy of the wild-type 72 bp 
sequence; 1 x72 in Fig. 1). 


with restoration of enhancer function, we measured the relative 
ability of each duplicated enhancer to stimulate the expression 
of the human B-globin gene. The plasmid constructions used 
for the enhancer assay are shown in Fig. 2a. The duplicated 
enhancers were cloned 1.2 kilobases (kb) upstream of the human 
B-globin gene (see Fig. 2a, left) and each construct was trans- 
fected into Hela cells together with a plasmid carrying the human 
a-globin gene (a SVHSa@2; Fig. 2a, right) which served as an 
internal control. Relative concentrations of œ- and B-globin 
RNAs were measured by RNase protection of an internally 
labelled, single-stranded RNA probe after hybridization to total 
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cytoplasmic RNA isolated from the transfected HeLa cells. 
Figure 2b shows the results of one such experiment. The 
revertant duplications (lanes 3-19) always yielded higher con- 
centrations of B-globin RNA than the original dpm!2 mutant 
(lane 2). The relative concentrations of globin RNA were quanti- 
tated from three separate experiments (see Fig. 2 legend) and 
normalized to the results for the wild-type enhancer. The 
averaged results are shown in Fig. 1c. These revertants display 
a range of enhancer activities, the most active duplications (for 
example, rd71 and rd64) exhibiting a 6- to 7-fold higher con- 
centration of B-globin RNA than the original mutant. Although 
this level of enhancer activity is 30-40% less than that of the 
wild-type enhancer (272), it is better than the wild-type 








Fig.2 Transient 8-globin expression assay of revertant enhance 
activity. a, The structures of the experimental f-globin plasmid 
and control a-globin plasmid. The a-globin plasmid #SVHSa@2 
and parental B-globin plasmid SVHSBA128 were provided by 
R. Triesman (see ref. 40). Thin lines indicate VX vector 
sequences; heavily stippled bands, globin sequences; bent lines 
(indicating intron sequences) separate the untranslated (hatched) - 
and translated (solid) exon sequences. Lightly stippled bands 
designate the SV40 sequences; clear boxes, the 72 bp enhancer 
element and 21 bp repeats: zig-zag arrows, direction and start of 
transcription for both the globin and the SV40 early genes. b, 
Autoradiogram showing the levels of internally labelled a- and 
B-globin probe RNAs protected from RNase by cytoplasmic RNA 
isolated from transfected HeLa cells. In each case, the transfection 
involved the control a globin plasmid combined with a B-globin 
plasmid carrying the enhancer element indicated at the top of each 
lane. | x72 and 2 X72 represent the wild-type strain 776 enhancer 
with either one or two copies of the 72 bp element, respectively. 
Lane 21 (enh~) represents transfection with the plasmid 
@SVHSBA128 (ref. 40), which lacks the SV40 enhancer region, 
and no DNA was used in the mock transfection (lane 22). The 
bands representing the correct a- and B-globin transcripts are 
labelled a and 8 respectively. Bands labelled it! and it2 represent 
incorrect B-globin transcripts probably resulting from improper 
splicing*’. 
Methods, The wSVHHBA128 series of plasmids containing the 
varius SV40 enhancer elements were constructed by cloning each 
respective Hpall/ Bgll ori region into the plasmid wSVHSBA128 
as follows: single-stranded M13 clones were made double-stranded 
as described in Fig. 1 legend and digested with EcoRI at the M13 
mp8 polylinker EcoRI site lying immediately adjacent to the SV40 
Hpalil site in these M13 clones. The EcoRI digested DNAs were 
made blunt-ended with polymerase and deoxynucleotide triphos- 
phates, digested further with Bgll and ligated to the large PstI/ Bgl 
fragment of wSVHSBA128, in which, after PstI digestion, these 
ends had also been made blunt-ended. Plasmid DNAs were pre- 
pared as described previously*’, including CsCl gradient centrifu- 
gation. The identity of the final plasmid preparations was verified 
by the size of the Ncol fragment which spans the duplications. 
HeLa cells at 30-50% confluency were transfected with 10 ug of 
@SVHSa@2 plasmid DNA and 10 pg of the experimental -globin 
plasmid DNAs by calcium phosphate coprecipitation as described 
prevously*’, About 20 pg cytoplasmic RNA isolated as described*? 
48 h after transfection were hybridized to an excess of a mixture 
of æ- and B-globin RNA probes, prepared using SP6 RNA poly- 
merase, followed by digestion with RNases T, and A as described 
previously. The plasmids pSP6a132 and pSP68350 from which 
the RNA probes were generated were a gift of R. Treisman. Bona 
fide a- and B-globin mRNAs protect 132 and 350 nucleotides 
respectively of the appropriate probe (R. Treisman, personal com- 
munication). The RNase protected RNAs were analysed by elec- 
trophoresis through 8 M urea 6% polyacrylamide thin sequencing 
gels. For the experiment shown here the amount of cytoplasmic 
RNA used for each hybridization was adjusted so that the a-globin 
internal control was approximately equal in each lane. The relative 
RNA concentrations were quantitated from three separate transfec- 
tion experiments by either densitometer scanning of films exposed 
without a screen or by measuring directly the radioactivity in each 
band; both methods gave similar results. The relative concentra- 
tions of B-globin RNA were determined by first normalizing each 
sample to the a-globin internal control band followed by com- 
parison with the level of B-globin RNA in the transfection with 
the wild-type strain 776 enhancer. 


enhancer which contains only one copy of the 72 bp element 
(1 x72). 

The structures of the dpm 12 revertants indicate that a variety 
of enhancer region duplications can overcome the defects 
created by the four point mutations. Duplications have been 
found also in revertants of SV40 mutants in which enhancer 
sequences, including either most or all of the 72 bp element, 
were deleted'”'®. In these cases, however, the recovery of 
enhancer activity resulted from duplication of sequences located 
outside the canonical enhancer region. Together, these results 
suggest a functional significance to the repeated motif charac- 
teristic of enhancers; in addition to SV40, repeated sequences 
are associated also with enhancers in BK virus’, different poly- 











oma viru strains, host range mutants of polyoma virus” 
and retroviruses’ 

Unlike the SV40 mutants with a deleted enhancer region, the 
dpm12 mutant retains all but four bases of the enhancer region 
intact. Therefore, the revertants described here allow identifica- 
tion of enhancer sequence elements that can best overcome the 
defects of an enhancer mutant. The new sequences created at 
the junctions of the different tandem duplications do not show 
any obvious homology, indicating that it is not these sequences 
per se which restore activity; in particular the patterns of alter- 
nating purines and pyrimidines destroyed by the dpmi2 muta- 
tions are not recreated by the junction sequence. 

The most striking feature of the dpm12 revertants is that a 
15 bp region (the stippled areas in Fig. 1b) is shared by all the 
duplicatons, which suggests that this region plays a role in 
restoring activity to the dpm12 mutant. The hypothesis is 
strengthened by the fact that the sequences involved in the 
various duplications span 147 bp; these 147 nucleotides could 
have accommodated the duplications 71 bp and shorter (that is, 
10 of the 18 revertants) without necessarily generating any 
common region. The sequence of this ISbp_ region, 
TGTGGAAAGTCCCCA, contains the ‘core’ element (under- 
lined) that was first identified on the basis of related sequences 
that are found among many enhancer elements'*. (A second 
consensus sequence, the ‘CACA’ box”, overlapping the ‘core’ 
element, is contained only partially in the 15 bp common region.) 
The consistent duplication of the ‘core’ region in 18 independent 
revertants suggests a critical function for this element in reac- 
tivating the dpmi2 enhancer. 

The structure of the dpm12 revertants are the result of two 
separate constraints: the reversion phenotypes selected for and 
the ease with which certain types of mutation can occur. In all 
likelihood no point revertants were isolated both because the 
dpmi2 mutant carried four separate point mutations and 
because genomic rearrangements occur readily during SV40 
replication*®**. To obtain revertants of the dpm12 mutant we 
selected directly for improved growth and infectivity of SV40, 
rather than for enhancer function. Such a selection probably 
places multiple constraints on the duplications that can best 
restore viability to the revertants. Therefore, the duplications 
described here are not necessarily those in which enhancer 
function has been maximized. Nevertheless, each revertant dis- 
plays restored enhancer activity, indicating that the major defect 
of the dpm12 mutant is the lack of a healthy enhancer. 

Duplications affect simultaneously two parameters: spacing 
between cis-acting elements and the sequences duplicated. 
Therefore, these parameters cannot be entirely independently 
analysed in these revertants. The three-fold difference in duplica- 
tion size (45-135 bp) among the various dpm12 revertants sug- 
gests that if spacing requirements exist they are flexible. The 
fact that wild-type strains of SV40 also contain enhancer duplica- 
tions of various sizes is consistent with this observation; in 
addition to the prototype 72 bp repeat of strain 776, other 
wild-type strains carry duplications ranging from 64 to 93 bp in 
length,*?°-°!, Two features of the revertants, however, suggest 
that there is some duplication size preference: (1) those repeated 
sequences between 51 and 71 bp long seem to be more active 
as enhancers than the larger duplications (see Fig. lc) and (2) 
the shortest duplication, rd45, is the least active of the 18 
revertants. 

The results described here indicate that the SV40 enhancer 
consists of multiple elements. The dpm12 mutant shows that 
two separate regions are important for enhancer function and 
the revertants show that loss of enhancer function in dpm 12 can 
be restored by duplication of sequences not affected directly by 
the mutations (that is rd45-rd53, see Fig. 1). The consistent 





duplication of the ‘core’ region in each of the 18 
suggests that these sequences are compensating for and 
apparently acting independently of the mutated dpmizZ 
sequences. 

Our results show that a variety of duplications in a transcrip- 
tional control region can generate enhancers many times more 
active than the original. Perhaps strong viral enhancers evolved 
initially by duplication of weaker cellular enhancers. 
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Zdena Koukolikova-Nicola, Raymond D. Shillito, Barbara Hohn, 
Kan Wang, Marc Van Montagu & Patricia Zambryski 


Nature 313, 191-196 (1985) 


This article was published with the sixth author's surname spelt 
incorrectly. It is shown correctly above. 
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‘IN A by now time-worn story, an 
experimental physicist is asked by a pure 
mathematician to name a few prime 
numbers. The physicist replies that 3, 5 and 
7 are prime, 9 seems not to be, and 11 and 
13 are prime — ‘‘hmm...nine must be 
experimental error’’. The fact that this is 
(was once?) funny reveals, I think, a couple 
of assumptions about science that we take 
for granted and rarely examine. First is the 
belief that mathematics is ‘‘exact’’, so that 
the very notion of experimental error is 
laughable. Second, more subtle, is the 
implicit assumption that physics can be 
made arbitrarily precise, revealing an 
underlying reality of fully mathematical 
exactitude: we little doubt that the 
experimental physicist in the story feels 
that he can build a better apparatus, 
eliminate the experimental error, and 
prove that 9 is a prime! To put it another 
way, I think that the joke loses some of its 
‘pith if ‘‘experimental psychologist” or 
“‘anthropologist’’ is substituted for 

“experimental physicist’’, and I mean this 
as no insult to my social-scientist 
colleagues, whose fields do not (and have 
no need to) pretend to the exactitude of 
physics. 

In our time, only a small fraction of 
physicists work to uphold their discipline’s 
reputation as an ‘‘exact’’ science. Search 
not for such individuals among the high- 
energy particle physicists at CERN, where 
important discoveries tend to be 
qualitative, as confirming the existence of 
the theoretically-predicted top quark or 
intermediate vector boson. Nor look, 
generally, to the solid-state physicists at 
Bell Labs; there too, the most interesting 
discoveries are qualitatively new material 
behaviours or transitions. For exact 
physics, look instead to Britain’s National 
Physical Laboratory (where Dr Petley 
works), or, in the United States, to the 
National Bureau of Standards or affiliated 
Joint Institute for Laboratory 
Astrophysics, or to the laboratories of 
individual experimenters in small or large 
universities. These are the habitats of the 
‘“‘metrologist’’, whose intellectual world is 
the subject of Dr Petley’s book. 

Metrology is the physics of high-precis- 
ion measurement. Is it truly fundamental 
science, or is it merely necessary, industrial 
standards-keeping? That question runs be- 
tween the lines of this book. Not unexpec- 
tedly Dr Petley holds a brief on one side. 
Occasionally one finds his tone a bit too 
defensive, a bit too revealing of the fact 
that the metrologist, whether unfairly or 





not, ranks low in today’s physics pecking 
order. The author’s case against this preju- 
dice is strongest not when he waxes intellec- 
tual about the matter, but rather when he 
describes the elegance and diversity of 
modern, high-precision experiments. 

The question ‘‘fundamental or not” has 
some subtlety. A simple example is the 
speed of light. Special relativity, that 
essential framework on which. all of 
modern physics rests, predicts and requires 
the speed of light c to be absolutely 



















units involving fundamental constants, for 
example, the Josephson effect-for the volt 
and the quantised Hall conductance for the 
siemens, or ohm, such systems must be set 
up with care. If they are not, one finds that 
the [magnetic permeability of vacuum 
becomes] a constant which must be evalu 
ated experimentally, as it did during th 
1930s for a while” . (Emphasis added.) For 
a while?! This is not ordinary science, 

It is an arcane world, and Dr Petley is: 
fascinating guide, in spite of (or perhaps. 
because of) his tendency to dive enthusias- 
tically into a welter of details which will 
leave non-physicist readers gasping for 
breath — but awestruck. If ‘‘God is in the 
details”, then the high-precision metrolo- 
gist is surely above the saints. Physicist 
readers will be able to follow the 
exposition, even when it is occasionally 
muddy, and will be repaid by learning alot. 

The book is organized into a couple of 











constant, independent of where and how it 
is measured. In this light, high-precision 
measurement of c seems fundamental 
indeed. Speed being a length per time, one 
must ‘‘bring’’ the standard second and 
standard metre to any laboratory in which c 
is to be measured. The second (that is, the 
first) is relatively transportable, exempli- 
fied in caesium-133 atomic clocks and 
hydrogen masers. The metre has 
historically proved more difficult to trans- 
port or, for that matter, define. Its 
definition as a platinum-iridium bar in 
Paris gave way in 1960 to a certain number 
of wavelengths of krypton-86 light. During 
the 1970s the overriding limitation on 
the measurement of c, whose value was 
now known to be something like 
299,792,458.1+1.9m s-?}, became the 
accuracy with which a laboratory baseline 
length could be related to the krypton-86 
standard. In 1983 the speed of light became 
defined as 299,792,458m s-!; the metre lost 
its independent definition and is now 
derived from the standard of time. But 
consider the plight of the experimenter who 
was thought to be measuring c, which 
seemed fundamental, but is now revealed 
as having merely measured the standard 
metre, which sounds terribly industrial! 

In this book one is plunged back and 
forth between the worlds of physics and 
international commerce: ‘‘Although it is 
tempting to set up a system of electrical 





Record speed — the microwave 
interferometer used by K.D. 
Froome to measure the velocity 
of light at the National Physical 
Laboratory in 1957. His result 
formed the basis for the value 
recommended by the Inter- 
national Astronomical Union 
until it was superseded by the 
measurements which culmina- 
ted in the redefinition of the 
metre in 1983. 
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introductory and philosophical chapters, 
followed by individual chapters on the 
‘“‘mechanical’’ and the ‘‘electrical’’ 
fundamental constants. There is a chapter 
on high-precision tests of quantum electro- 
dynamics (most notably the Lamb shift), 
one on matters relating to gravitation, and 
one on so-called ‘‘null experiments’? which 
test experimentally such tacit (and often 
over-looked) assumptions as that a body’s 
inertia is the same no matter what the 
direction in which it is accelerated. Also 
included is discussion of some trendy 
topics, such as the large-number 
coincidences in cosmology and the 
prospects for detecting gravitational 
waves. But in truth these are superfluous, 
since the author is at his best when guiding 
us through real-world laboratory details: 
“Consequently, by setting on the side of 
this peak it was possible to check that the 
displacement of the crystal was in a straight 
line to +0.00006"". In fact, there was a 
small curvature of 0.0017” which was 
taken into account . . .’’. Read on, and you 
will learn how the ‘‘Siegbahn constant”? is 
measured! It gives a precise calibration of 
the lattice spacing in silicon, needed in turn 
for accurate determination of the 
Avogadro constant so fundamental to 
physical chemistry. o 


William H. Press is Professor of Astronomy and 
of Physics at Harvard University. 
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Edited by Tom Gehrels and Mildred 
Shapley Matthews. 
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Pp.968. $37.50. 





FOR many years planetary science was at 
the core of astronomy. In the early and 
middle parts of the twentieth century it 
drifted to the periphery, but then returned 
to the centre of public perception of the 
subject with the advent of the space era. A 
peak of interest must have been achieved 
with the Voyager encounters with Jupiter 
and Saturn in 1979-1981. One worries now 
that the sense of wonder seems to have been 
lost. Whether any mission will return to the 
Saturnian system before the next century 
must be doubtful. In such a light a book 
entitled Saturn must be looked at with 
interest. But while it may need to remain in 
print for a long while, will it remain in 
demand? 

In a scientific research environment 
where the future is financially uncertain, 
with small-mindedness engendered by 
funding strictures on both sides of the At- 
lantic, one of the weaknesses of planetary 
science is its multidisciplinary nature. For 
better or worse this book fits in with the 
spirit of its subject. It is broad, demanding 
and calls on knowledge of all branches of 
the planetary and geosciences. 

The book is very well produced (with aid 
from NASA) and is reasonably priced. The 
- authors, 78 in number, have been chosen 
well. Stone and Owen introduce matters 


mirrors the rest of the book, the topics 
breaking down as follows: the planet itself 
(interior, atmospheric composition, 
structure and dynamics, clouds, upper 
atmosphere, ionosphere); its magneto- 
sphere (magnetic field, energetic charged 
particles, plasma and plasma waves, radio 
waves); and the rings and satellites (with 
Titan singled out for special attention). 
The introduction is then followed by a 
brief, instructive history (by Van Helden) 
of Saturn as examined through the tele- 
scope. This account should be required 
reading for any astronomer, if only for the 
light thrown on the relationship between 
theory and experiment in a subject where 
observational facts are sparse. 

We can now say, however, that observa- 
tional facts on the Saturnian system are no 
longer sparse, and the remainder of the 
book (900 pages) contains the technical de- 
tails. Some of the material is very familiar 
to me, some of it far from my area of 
expertise. Yet although presentation varies 
from paper to paper, none of the contri- 
butions is inaccessible; to me this indicates 
the book is set to be a major source for 
years to come. 

It seems futile to attempt to select high- 
lights in the collection. To do so misses the 
point; the book’s strength is its breadth of 
coverage. Buy it for that. Much of the 
material should be useful even at under- 
graduate level, and planetary scientists will 
not want to be without it — would that all 
astronomers and geophysicists thought 


pa 


they should not be without it. g 





D.J. Southwood is a Reader in the Department 
of Physics at Imperial College, University of 
London. 
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EDWARD Feigenbaum of the Heuristic 
Programming Project at Stanford 
University, and author of a controversial 
book about the “Fifth Generation” in 
computing, believes that artificial 
intelligence is not just another computer 
revolution but the big one. The stimulus 
for such a confident claim was the 
announcement by Japan, in 1981, of its 
plans to build a new generation of 
computers based on the hardware and 
software technology of AI. This book is 
about one of the crucial developments in 
Al software, some would say the crucial 
development, the advent of expert systems. 








Expert systems are programs which have 
enough expertise in specialist fields that 
they can solve problems at a level com- 
parable to that of a human expert. 
Opinions vary as to which program was the 
first true expert system, but I am inclined to 
agree with Allen Newell, the eminent 
pioneer of AI who writes a foreword to the 
book, that ‘‘MYCIN is the original expert 
system that made it evident to all the rest of 
the world that a new niche had opened 
up’’. 

The function of MYCIN was to advise 
doctors on the nature of bacterial infec- 
tions and the use of antibiotics. Many of 
the features that it introduced are now seen 
as pivotal to the concept of expert systems, 
notably the emphasis on facts and rules of 
good judgement (rather than formal, 
quantitative methods) and the ability to 
explain the advice given. Another pattern 
for the future was the later development of 
EMYCIN, or Essential MYCIN, a package 
stripped of its specialist medical knowledge 
to give a general purpose ‘‘shell’’ which can 
be (and has been) used to build expert 
systems for other applications. 

MYCIN was more than just another 








puter program; it was the 
beginning of a technology and is at the 
heart of whatever credibility AI and the 
“Fifth Generation” currently have. The 
program started out as Edward Shortliffe’s 
PhD research but at various times involved 
a total of 30 people on as many projects. It 
deserves a careful appraisal. Buchanan and 
Shortliffe’s volume looks back over the 
decade of the project's existence to try to 
provide both a historical record and a 
properly digested assessment. 

The book is a collection of 36 papers 
covering numerous facets of the develop- 
ment of MYCIN. History and design of the 
original system are described, and then a 
series of sections deals with subsidiary 
themes, many of which have come to be 
core areas for the development of expert 
systems generally. Techniques for 
representing knowledge of different types 
and for different tasks are described, along 
with issues about building and checking 
knowledge bases. The use of the knowledge 
base for explanation and for teaching, as 
well as for advice, is extensively discussed. 
The problems of managing uncertainty, 
and of generalizing MYCIN’s inference 
and knowledge representation techniques 
to cover other domains are analysed. A 
particular strength of the book is the 
emphasis on transferring the technology 
out of the research laboratory, reflected in 
sections on performance evaluation and on 
acceptability. 

Many papers in the collection have 
appeared elsewhere, but the range of 
publications is wide, and the period long, 
so this anthology is fully justified. 
Furthermore, much of the material has 
been specially prepared, and many of the 
original manuscripts revised and brought 
up to date. The chance to analyse an 
influential development carefully and self- 
critically is infrequently offered in 
technology; here it has been taken. 

What is the significance of the MYCIN 
project? In fact MYCIN is not in routine 
use, though it inspired systems which are. 
If software could be put in a museum, 
MYCIN would hold the same position as 
The Rocket in the National Railway 
Museum. The project is also an important 
example of how high technology research 
should be done — with flair and ingenuity, 
but with an eye on detail and systematic 
investigation, and on the way that the 
technology will be used. Newell thinks the 
MYCIN project also exemplifies the 
science of AI, by which he means the 
empirical exploration of intelligent 
systems. I am not so sure; I think that 
MYCIN has told us little that we did not 
know about intelligence and its principles. 
What MYCIN has shown us is how to put 
something that resembles rudimentary, but 
useful, intelligence into a machine, and 
that is more than enough. Q 





John Fox is Head of the Biomedical Computing 
Unit at the Imperial Cancer Research Fund 
Laboratories, London. 
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SURFACTANTS not only present intriguing 
problems of basic science to the physical 
chemist but are of widespread application 
in industry. The field is thriving, on both its 
“pure” and ‘‘applied’’ sides. To examine 
the current state of work in this area, a 
residential school — sponsored by the 
Royal Society of Chemistry and attended 
by a galaxy of experts — was held at Bristol 
University in 1983. This book contains the 
printed record of lectures presented at the 
meeting, and is divided into two unequal 
parts; ten chapters deal with the basic 
principles of the physical chemistry of 
surfactants and dispersed systems, while a 
final three cover applications. 

The first four contributions provide a 
contemporary overview of the solution 
properties of surfactants, with accounts of 
the thermodynamics of surfactant solu- 
tions, phase equilibria and mesophases in 
surfactant systems, and the structural 
aspects of micellar systems. The last of 
these, by B. Lindman, is especially suc- 
cessful in making clear the importance of 
Simple geometric features and electrostatic 
effects. New methods for the study of 
micellar systems, such as quasi-electric 
light scattering, multifield °C NMR 
chemical shift, multifield proton NMR and 
NMR water self-diffusion, are explained, 
and the timely subject of microemulsions is 
illustrated by J.T.G. Overbeek with phase 
diagrams, thermodynamics, techniques of 
characterization and applications. Also 
included are discussions of the microstruc- 
ture and rheology of surfactants in dilute 
and concentrated systems, adsorption at 
the three interfaces (with explanations of 
experimental procedures), and the role of 
surfactants in controlling the stability of 
emulsions, foams and suspensions. This 
first part of the book concludes with an up- 
to-date account of the fundamentals of 
wetting, incorporating a selective review of 
the recent literature. 

Unfortunately, the last three contribu- 
tions — on surfactants in enhanced oil 
recovery, macromolecular surfactants, 
and applications in biological systems — 
do not measure up to the standard of the 
earlier part of the book. For example, the 
title ‘‘Macromolecular Surfactants’’ is 
grossly misleading since this chapter deals 
almost exclusively with non-ionic 
surfactants originating only from the 
author’s own company. On p.287 the 
misprint of the formula of the alkylphenol 
ethoxylate is unfortunate and on p.305 the 
downgrading of the HLB system is not 
justified. 





Yet the high quality of the first ten 
chapters more than compensates. The 
concise treatment and scholarly approach 
to be found there will make this volume 
useful to both the newcomer and the prac- 
titioner who wants to learn about the latest 
developments. Graduate and research 
chemists will benefit greatly from reading 
it. Still, I can’t help but feel that omission 
of the applications chapters and a title such 
as Introduction to the Physical Chemistry 
of Surfactants would have meant an alto- 
gether more useful book. mi 





Martin J, Schick isa consultant physical chemist 
based in New York and editor of the Surfactant 
Science series published by Marcel Dekker. 
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THE science of making media for animal 
cell culture grew slowly out of the black arts 
of the bacteriologist’s ‘‘kitchen’’ with its 
steamy atmosphere, arcane recipes and 
horny-handed aficionados. They knew 
nothing of the composition of their brew, 
merely that it worked. This art, even in its 
modern, scientific form is not an activity 
with appeal for all, yet scientists in the lab- 
oratories of such as Richard Ham and 
Gordon Sato — herein represented — have 
made contributions which show signs of 
increasing application, not only to pure 
scientific enquiry, but also to industrial and 
clinical practice. Their achievement is in 
devising serum-free media which do not 
merely grow aberrant cells selected in these 
media, but also cells from embryonic, adult 
and tumour tissues of many different 
types. 

These are not books for every biologist 
or the common reader: Alan Freshney’s 
recent Culture of Animal Cells from the 
same stable fulfils that role best. These are 
for the specialist and, in particular, for 
those who choose not to rely on 
commercial sources for the many growth 
factors which now take the place of serum. 
Much of the first volume concerns the 
history and philosophy of synthetic media 
and solid substrata, though it also contains 
details for the purification of the less 
esoteric growth factors (PDGF, MSA, 
EGF, type 8 -TGF, MDGF and ECGF). 
Others of more limited use are conven- 
iently covered in the more specialized 
volumes: FGF in Vol. 3 (Epithelial Cells 
and Fibroblasts), interleukin-2, T-cell 
growth factor and thymosins in Vol. 4 
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.ymphoid Cells). Volume: 
deals with Cells of the Endocrine System. 

Why would one wish to grow cells in 
defined media? Well, for instance, to grow 
cells other than the enduring fibroblast, 
when methods involving selective toxicity 
have failed; and, having such cells, to find 
what factors will support their survival and 
growth, though any extrapolation from 
“can”? in vitro to ‘‘do’’ in vivo is 
dangerous. It is ironic that ‘‘organ’’ 
culture techniques have used synthetic 
media for three decades to study 
differentiated function. Now that purified 
factors are available for the study of 
cellular interactions, the technique no 
longer commands much interest. 

Defined media can also be used to 
identify and purify molecules secreted by 
particular cells. When cells are grown from 
a patient’s own skin for transplantation, 
such media may have advantages — will the 
time come, perhaps, when cells grown in 
culture can be used to relieve genetic 
deficiencies? In any cultures of this kind 
the choice of solid substrata arises (Vol. 1). 
But currently the main use for defined 
media is for the growth of hybridomas, 


allowing easier purification of monoclonal 
antibodies than when cells are grown in 
animals. If human hybridomas are used 
this method would be essential. Mono- 
clonal antibodies are of potential appli- 
cation throughout the whole of biology 
and Vol. 4 is, thus, likely to be of greatest 
use. 

Because serum proteins can mask many 
toxic agents and, to a degree, protect 
against the mutual inhibition of some 
reagents and contamination from the 
operator, the more defined media present 
greater difficulties. Iscove’s trouble- 
shooting list (Vol. 4) could well have been 
repeated in the other volumes. 

These volumes cover a wide range of 
techniques of limited application. As all 
their advice is already in specialist journals, 
only establishments where cell culture is in 
wide use would find them invaluable and 
might need all four. Single chapters might 
provide unexpected help to individual cell 


mq 


or molecular biologists. 3 





G.D. Clarke recently retired from the scientific 
staff of the Imperial Cancer Research Fund 
Laboratories, London. 
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Pp. 1,494, $34.50. 


LAw, science and medicine have interacted 
for as long as they have existed as 
separate disciplines. Rather more recently, 
their practitioners have grown increasingly 
ignorant of what others are up to, both 
within each discipline and across them. 
Much more recently still, this mutual ignor- 
ance has come to be seen as a threat to our 
civilized values — if not our collective 
survival — rather than just an irritant, and 
that perception is now spawning a growing 
literature. 

One therefore turns expectantly to a 
1,500-page volume with this title, hoping to 
find a full and structured analysis and 
discussion. Expectations rise even further 
when one sees that the volume is organized 
into four parts — I, The Evolving 
Relationship of Science and Medicine to 
the Law; I, Controlling Science and 
Medicine: the Roles of Individuals, Groups 
and the State; HI, Achieving the Goals of 
Public Policy: Avoiding Harm and 
Promoting Fairness; and IV, Exploring 
Problems at the Frontier. Yes, 
a seemingly ordered and interesting 
approach, outlining a survey supported 











by arguments in progressive steps, within 
a directed sweep from the past to the 
future. 

Then there is an expanded table of con- 
tents of no less than 22 pages, followed bya 
table of cases and another of authorities. 
Splendid. And then, with an icy shock, 
all expectations are dashed. There is no an- 
alysis, and no discussion. There is no order 
and no interest. There is no survey, no 
argument, no progression, no steps and no 
sweep. Instead, one is faced with yet 
another of those vast but useless compil- 
ations which go under the generic title of 
Cases and Materials on . . .: a veritable 
magpie’s nest of clips from other people’s 
writings, for the assembly of which all that 
is needed is a sharp pair of scissors and a 
plentiful supply of paste. 

Time was, indeed, when case-books had 
their uses. In the Middle Ages, English law 
reporters published Year Books, to keep 
their colleagues up to date with what the 
judges were deciding. Later, they kept 
commonplace books, in which they noted 
down passages they thought worth 
remembering. But that was long ago; 
today, in the law, we have official law 
reports which record the primary data, and 
textbooks which order, analyse and discuss 
them. If you want to know the current state 
of the art on home-made wills, you consult 
the latest edition of Williams on Wills; if 
this does not give you the answer, you read 
the original reports of the decisions which 
the current editor of Williams has collected 
in copious references to his synoptic text. 
And what goes for home-made wills goes 
likewise for solid-state physics, organic 
chemistry, bacteriology or any other area 
of science. 

But the modern case-book does none of 





these things. Neither its index nor its cor 
tent will help you to discover the state of th 
art about anything. Instead, it is a short ct 
for the hard-pressed legal academic t 
publish without either perishing or havin 
to think, and it is bought by a captiv 
market of other hard-pressed legal acz 
demics who are given no time to thin 
before they have to teach. Books such ¿ 
these contain no more than random chunk 
of other people’s work — from philosc 
phers to judges to novelists — followed o 
occasions by a set of questions presumabl 
intended for classroom discussion, c 
which this is a random but typical exampl 
from the present work: 

Hoffman’s description of Einstein’s develop 
ment of the special theory of relativity provide 
a glimpse of a great scientific mind at work 
Would Einstein’s undoubted brilliance hav 
made him a successful judge? Indeed, is brill 
ance, as contrasted with wisdom or empathy, 
necessary characteristic of a good attorney c 
judge? 

We find this on p. 197, in the section o 
“The Scientific Basis of Nuclear Energy” 
though we are not told what that is, or wha 
it has to do with the passage just cited. Bu 
try throwing it at your students, and wit! 
any luck their credits may redound to you 
credit. 

My bias against case-books will by nov 
have become clear. But let us assume tha 
there could be such a thing as a good an 
useful case-book, and then see whether th 
present member of the genus falls withi: 
that category. Try, for instance, a simpl 
standard test: look for your own name i 
the table of authorities. Heavens, it’ 
there! Not only that, but its typeface rank 
it in importance above Dworkin, Nozick 
Rawls, Popper and Pope Pius XII. It stil 
reads well, too. But under what heading dc 
we find it? “The Social Responsibility o 
the Scientist’’, which was its subject? No 
at all: ‘The Development and Impact o 
Genetic Engineering”. How strange — 
considering that the paper had nothing tc 
say on that mighty subject, and wa 
published two and a half years before th: 
Asilomar conference. 

One might not have guessed that, minc 
you, from the reference given: | Hasting. 
Cntr. Studies 7-16. In fact, that was a late: 
(and incomplete) reprint. The paper wa: 
first published in Nature in 1972, but tha 
reference is omitted — perhaps because the 
book confines itself strictly to Americar 
“‘cases and materials’’, for all the world a: 
if no one elsewhere had ever had anything 
useful to say on these matters, 

What was it the Romans used to say 
long ago? Melius est petere fontem quam 
sectari rivulos—it is better to go to the 
fountain-head than to follow the streams, 
That goes for all scholarship, even 
case-books. E 





Paul Sieghart is a retired barrister. His 197: 
paper in Nature led to the foundation of the 
Council for Science and Society, of which he 
was the first Vice-Chairman. 
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1984. 189 figures. XVI, 609 pages. 
{Handbook of Experimental Pharmacology, 
Volume 73) 

Hard cover DM 490, — . ISBN 3-540-13107-8 


The purpose of this book is to summarize recent 
developments in the field of contrast media de- 
sign, synthesis and pharmacology and to 
stimulate further research in the area. To this 
end the book contains a review of methodology 
applicable to.contrast media research. 

There has been up to now no concise text sum- 
marizing developmental and experimental as- 
pects of contrast materials. Thus this book is 
unique. 
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Editor: P. W. Mullen, Kentville 

Published in cooperation with NATO Scientific 
Affairs Division 

1984. VII, 161 pages. (NATO ASI Series. 
Series G: Ecological Studies, No. 2) 

Hard cover DM 76, — . ISBN 3-540-13382-8 


This volume is based on papers presented at the 
NATO Advanced Study Institute on Immuno- 
toxicology, written by biomedical scientists 
from many different backgrounds. Of particu- 
lar concern are the long-term and insidious im- 
munological effects resulting from chronic ex- 
posure to low doses of various structurally un- 
related compounds including drugs, food addi- 
tives and those environmental pollutants as di- 
verse as lead and 2,3,7,8-tetrachlorodibenzo- 
paradioxin. 
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of Chemical and Biological 
Carcinogenicity Data to Estab- 
lish Human Safety Standards 


The Use of Short-Term Tests 
for Mutagenicity and Carcino- 
genicity in Chemical Hazard 


Evaluation 
Editor: H. C. Grice, Nepean 


1984. LX, 197 pages. 
(Current Issues in Toxicology). 
Soft cover DM 52, — . ISBN 3-540-13696-7 


This monograph serves 4 two-fold purpose: to 
outline an approach to the development of 
sound guidelines for regulating human exposure 
to potentially carcinogenic chemicals, and to re- 
view critically short-term mutagenicity and car- 
cinogenicity tests in the light of their ability to 
provide the information necessary for regu- 
latory purposes. 
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1984. 47 figures. Approx. 180 pages. 
(Current Topics in Neuroendocrinology, 
Volume 4) 

Hard cover DM 98, —. ISBN 3-540-11351-7 


Vasopressin, ADH (antidiuretic hormone) is es- 
sential for the maintenance of body fluid 
volume and is also related in many species to the 
control of feeding, response to stress, emo- 
tional states, and even learning. This volume 
brings up-to-date our knowledge of the anat- 
omy and physiology of ADH-producing nerve 
cells and includes a treatment of ADH synthesis 
using the tools of molecular biology. 
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and Cell Biology 


Volume 88 
C. Schulze, Hamburg 


Sertoli Cells 
and Leydig Cells in Man 


1984. 4! figures, VI, 104 pages 
Soft cover DM 58, — . ISBN 3-540-13603-7 


This volume is concerned with the investigation of | 
the morphological characterization of Sertoli and 
Leydig cells in men with normal spermatogenesis 
and in patients with impaired spermatogenesis. The 
cells were examined by means of light and electron 
microscopy. 

The detailed description of normal Sertoli and 
Leydig cells with their numerous variants served as 
the basis for the evaluation of both cell types under 
pathological conditions. 

The morphological features of the cells were eval- 
uated in view of their probable functional sig- 
nificance with special regard to alterations ob- 
served in the various spermatogenetic disorders. 
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The Development 
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1985. 71 figures. VII, 122 pages 
Soft cover DM 60, ~ . ISBN 3-540-13730-0 


A new theory of spinal development that embraces 
seemingly unrelated and even conflicting observa- 
tions of amniotes is presented here. The descrip- 
tive, morphological study is based on extensive re- 
seatch with mammalian material in an uninter- 
rupted developmental series. Special attention is 
paid to the ~ generally neglected — architecture of 
the differentiating mesenchyme. 
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Morphogenesis of the Brain 
in Staged Rhesus Monkey 
Embryos 


1985. 19 figures. VIH, 69 pages 
Soft cover DM 52, — . ISBN 3-540-13709-2 


This book provides researchers with a detailed, 
richly illustrated description of the morphogenesis 
of the brain of the Rhesus monkey (Macaca mu- 
latta) during its embryonic development. The work 
is based upon the definition and characterization of | 
the organogenetic developmental stages 13-23 in | 
the Rhesus monkey and other mammals using ex- 
ternal and internal criteria. 
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Editors: H. Witschi, Oak Ridge; 

J. D. Brain, Boston ae 
1985. Approx, 80 figures. Approx. 600 pages...” 
(Handbook of Experimental Pharmacology, 
Volume 75) 

Hard cover DM 490, — , ISBN 3-540-13109-4 


This volume provides an overview of the mod- 
ern and appropriate methodology and current 
state-of-the-art in inhalation studies. Methods 
covered include the design and operation of 
inhalation chambers, choice of animal species, 
methods and techniques designed to evaluate 
quantitatively the morphologic and biochemical: 
changes brought about in the lung by toxic 7 
inhaled materials. 
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Fifth International Symposium on Antibiotic 
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1984. 97 figures..128 tables. XI, 395 pages. 
Hard cover DM 118, — . ISBN 3-540-13141-8 
Distribution rights for all socialist countries: 
Avicenum, Czechoslovak Medical Press, 
Prague 

The contributions reproduced in this volume 
draw special attention to: epidemiological 
problems connected with R.plasmids, 
transferable resistance and nosocomial infec- 
tion; new and unusual cephalosporins as well as 
other antibacterial substances still undergoing 
clinical trials; the epidemiology and ecology of 
selected bacteria strains; new antibiotics that 
deactivate 8-lactamase; and the clinical sig- 
nificance of gene manipulation and recombi- 
nant DNA. 
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1984. 22 figures. V, 247 pages. 
Hard cover DM 98, — . ISBN 3-540-13679-7 
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D. W. Busija, Memphis; D. D. Heistad, Ilowa 
City: Factors Involved in the Physiological 
Regulation of the Cerebral Circulation. 








Circle No.24 on Reader Service Card. 









































New research results, the very latest international science i 
news, key papers by the world’s leading scientists and N 
-speed of publication ensure Nature remainsoneof g i gas 
the foremost weekly scientific journals in the world. #3 8) ines 
But if you’re tied in to a circulation list at All 51 weekly issues 
work, all this vital weekly information will et will be delivered to the 
undoubtedly reach you late, often incomplete Meni wee = address of your choice. You can 
| and sometimes not at all. (oO start your annual subscription 
With your own personal copy, you solve with any issue you choose. And 
< the problem. Every week you’lI have all the / you will receive six bi-monthly 

latest research results and science news in your author indexes, together with the 
hands within days of publication: annual index of subject and author. 
News reports from throughout the world of All this for just $2.12 a week. 
science and technology. Place your order now and make _ 
A News and Views section, where new ideas are cert ain ee you ER eae 
_analysed and discussed by leading researchers. Aitan oe ey hahaa e to 
Articles and Letters in which key investigators : pad i 
| disclose their work for the first time. 


Subscribe now—and save! 
Become a personal subscriber now and 
> you will receive a discount of 
over 50% off the full rate. 























t accept: CaSe Si 5 ` í ? 

Book Reviews—Eminent figures offer expert judgments l A ( 3] aie e O ass l 

ona wide variety of recent publications. l [_] I enclose my personal check for US$110 made payable to Nature. l 
Special Issues providing an in-depth treatment of topics (Note: Institutional checks cannot be accepted at this special rate, 

of importance. l ia ARR price is S, 

. . > . id se charge F ite m A 

Product Reviews —Detailed descriptions oflaboratory j 3 Piga charge omy redi card account ' 

equipment newly available. ie i 

Classified Advertisements for a wide variety of positions | Accountno— =< co thisform to: | 

all over the world. I Card Sapay Datë Subscription Department | 

You will no longer be dependent upon other people ' S - oa PO Box 1018, Manasquan i 

_ passing down the ‘list’ copy, and because you will pi ea a SA ad Oe cn 

automatically receive every issue, you won’t risk missinga J DEES seagate Ee and Canada only Please allow |] 

single copy through absence from work. Moreover, you aa pk lamp ale 

keep all this key information for permanent reference. l re l 








Through your doorevery week =- ----==-NAture_ | 


Circle No.94 on Reader Service Card. 





Physics 
-» Fusion. Energy. By ROBERT A. GROSS. Wiley: 
1984, Pp.328. ISBN 0-47188470-7. Np. 
`u Lectures on the Electrical Properties of Materials, 
3rd Edn. By L. SOLYMAR and D. WALSH. Oxford 
University Press:1984, Pp.413. ISBN 0-19-851163-9. 
£20, 

Magneto-Solid Mechanics. By FRANCIS C. 
MOON. Wiley: 1984. Pp.436. ISBN 0-471-88536-3. 
£31.65. 

NMR of Newly Accessible Nuclei, Vol.1. PIERRE 
LASZLO (ed.). Academic: 1983. Pp.298. ISBN 
0-12-43 7101-9. $59.00. 

Optical Radiation Measurements, Vol. 5, C. JAMES 
BARTLESON and FRANC GRUM (eds). Academic: 
1984. Pp.662. ISBN 0-12-304905-9, $110, £77. 

Percolation, Localization, and Superconductivity. 
ALLEN M. GOLDMAN and STUART A. WOLF 
(eds). Plenum: 1984. Pp.464. ISBN 0-306-41713-8. 
Np 

The Physics of Latent Image Formation in Silver 
Halides. A. BALDERESCHI et al. (eds). Wiley: 1984. 
Pp.313. ISBN 9971-966-34-4, £24.40. 

Radiation in Plasmas. B. MCNAMARA (ed.). Wiley: 
1984, Pp. 1206. ISBN 9971-966-38-8. £39.80. 

Random Vibrations of Elastic Systems. By V.V. 
BOLOTIN, Martinus Nijhoff: 1984. Pp.468. ISBN 
90-247-2981-5. $86, £54.75. 

The Structure of Matter from the Blue Sky to Liquid 
Crystals. By ANDRE GUINIER. Edward Arnold: 
1984, Pp.230. Pbk ISBN 0-7131-3489-5, Pbk £9.95. 

The Thorny Way of Truth Part ff: Documents on the 
Invention of the Perpetuum Mobile, on the Centurial 
Blindness of Mankind, and on its Frantic Perseverance 
in It. By STEFAN MARINOV. East-West 
International Publishers, Niederschécklstr. 62, 8044 
Graz, Austria: 1984. Pp.285. $25. 





Chemistry 


Advances in Heterocyclic Chemistry. ALAN R. 
KATRITZRY (ed.). Academic: 1984. Pp.456. ISBN 
0-12-020635-8. $89, £69. 

Advances in Inorganic Chemistry and Radiochemis- 
try, Vol.27. H.J. EMELEUS and A.G. SHARPE (eds). 
Academic: 1983. Pp.331. ISBN 0-12-023627-3. $58.00. 

The Bioorganic Chemistry of Enzymatic Catalysis. 
By MYRON L. BENDER, RAYMOND J. 
BERGERON and MAKOTO KOMIYAMA. Wiley: 
1984, Pp.312, ISBN 0-471-05991-9. £42. 

Cationic Polymerization and Related Processes. E.J. 
GOETHALS (ed.). Academic: 1984. Pp.431. ISBN 
0-12-287470-6. $35, £23. 

Chemical and Biological Generation of Excited 
States. WALDEMAR ADAM and GIUSEPPE 
CILENTO (eds). Academic: 1984. Pp.388. ISBN 
0-12-044080-6. $67, £52. 

Chemistry Experiments for Instrumental Methods. 
By DONALD T. SAWYER, WILLIAM R. 
HEINEMAN and JANICE M. BEEBE. Wiley: 1984. 
Pp.427, Pbk ISBN 0-471-89303-X. Pbk £18.35. 

Chemistry Reviews, Vol. 5. M.E. VOL’PIN (ed.). 
Harwood Academic: 1984, Pp.397. ISBN 
3-7186-0137-0. $170. 

Chemistry and Technology of Explosives. By T. 
URBANSKI. Pergamon: 1984. Pp.678. ISBN 
0-08-026206-6. £75, $120. 

Cyclophanes, Vol. 1. PHILIP M. KEEHN and 
STUART M. ROSENFELD (eds). Academic: 1983. 
Pp.357. ISBN 0-12-403001-7. $65. 

Cyclophanes, Vol. 2, PHILLIP M. KEEHN and 
STUART M. ROSENFELD (eds). Academic: 1983. 
Pp, 725. ISBN 0-12-403002-5. $60. 

Deactivation of Catalysts. By R. HUGHES. 
Academic: 1984. Pp.265. ISBN 0-12-360870-8. 342, 
£30. 

Fluid Mixing Hl. By INSTITUTION OF 
CHEMICAL ENGINEERS. Pergamon: 1984. Pp.207. 
ISBN 0-08-03 1416-3. £18.70, $30. 

General Chemistry. By DONALD McQUARRIE 
and PETER ROCK. W.H. Freeman: 1984. Pp. 1063. 
ISBN 0-7167-1499-X. £29.95. 

Life Chemistry Reports: Supplement Series. 
EDWARD J. WOOD (ed.). Harwood: 1984. Pp.416. 
Pbk ISBN 3-7186-0155-9. Pbk $55. 











Light Microscopy of Synthetic Polymers. By D. 
HEMSLEY. Oxford University Press: 1984. Pp. 76. 
ISBN 0-19-856404-X. £4.50. 

Organoboron Compounds in Organic Synthesis. By 
B.M. MIKHAILOV and Yu. N. BUBNOV. Harwood: 
1984. Pp.781. ISBN 3-7186-0113-3. $224, 

Polymeric Stabilization of Colloidal Dispersions. By 
DONALD H. NAPPER. Academic: 1983. Pp.428. 
ISBN 0-12-513980-2. $65, £39.50. 

Solubility Data Series, Vol. 15. Alcohols with Water. 
A.F.M. BARTON (ed.). Pergamon: 1984. Pp.438. 
ISBN 0-08-025276-1. £64, $100. 





Technology 


Illustrated Dictionary of Mechanical Engineering. 
V.V. SCHWARTZ (ed.). Martinus Nijhoff: 1984. 
Pp.416. ISBN 90-201-1668-1. $49.50, £31.75. 

Lithium Battery Technology. H.V. 
VENKATASETTY (ed.). Wiley: 1984. Pp.247. ISBN 
0-471-09609-1. £43.50. 

The Robot Revolution. By TOM LOGSDON. Simon 
& Schuster: 1984. Pp.207. Pbk ISBN 0-671-46705-0. 
$9.95. 

Science, Technology and Society Today. MICHAEL 
GIBBONS and PHILIP GUMMETT (eds). 
Manchester University Press: 1984. Pp.198. Hbk ISBN 
0-7190-0905-7; pbk ISBN 0-7190-0878-6. Hbk £11.50; 
pbk £4.50. 





Computer Science 

Computational Group Theory. MICHAEL D. 
ATKINSON (ed.). Academic: 1984. Pp.373. ISBN 
0-12-066270-1. $60, £35. 

The ZX Programmers’ Companion. By JOHN and 
CATHERINE GRANT. Cambridge University Press: 
1984. Pp.247. Pbk ISBN 0-521-27044-8. Pbk £6.95, 
$11.95. 





Environmental Sciences 


Accidental Exposure to Dioxins: Human Health 
Aspects. FREDERICK COULSTON and 
FRANCESCO POCCHIARI (eds). Academic: 1983. 
Pp.294. ISBN 0-12-193 160-9. $24.50. 

Environmental Protection: Standards, Compliance 
and Costs. T.J. LACK (ed.). Wiley: 1984. Pp.329. 
ISBN 0-470-20095-2. £30. 

Fundamentals of Air Pollution, 2nd Edn. By 
ARTHUR C. STERN et al. (eds). Academic: 1984. 
Pp. 530. ISBN 0-12-666580-X. $39.50, £28, 





Earth Sciences 


Applied Oceanography. By JOSEPH M. BISHOP. 
Wiley: 1984. Pp.252. ISBN 0-471-87445-0. £33.70. 

Archaean & Proterozoic Basins of the Pilbara, 
Western Australia: Evolution and Mineralization 
Potential. J.R. MUHLING, D.I. GROVES and T.S. 
BLAKE (eds). University af Western Australia: 1984. 
Pp. 195. Pbk ISBN 0-909704-46-5. Np. 

Current Topics in Chinese Science. Section F. Earth 
Science. Gordon & Breach: 1984. Pp.781, Pbk ISBN 
0-677-06270-2. Pbk $88. 

Fluvial Hydrology. By S. LAWRENCE 
DINGMAN. W.H. Freeman: 1984. Pp.383. ISBN 
0-7167- 1452-3, £31.95. 

Geological Structures. TAKESHI UEMURA and 
SHINJIRO MIZUTANI (eds). Wiley: 1984. Pp.309. 
ISBN 0-471-90411-2. £19.95. 

Mesoscale Meteorological Modeling. By ROGER A. 
PIELKE. Academic: 1984. Pp.612. ISBN 0-12- 
554820-6. $79, £55.50. 

Ocean Uses and Their Regulation. By LUC 
CUYVERS. Wiley: 1984. Pp.179. Hbk ISBN 
0-471-88676-9; pbk ISBN 0-471-88675-0. Pbk £20.40. 

Quaternary Coastlines and Marine Archaeology: 
Towards the Prehistory of Land Bridges and 
Continental Shelves. P.M. MASTERS and N.C. 
FLEMMING (eds). Academic: 1983. Pp.641. ISBN 
0-12-479250-2. $43. 








Terra Non Firma: Understanding and Preparing for 
Earthquakes. By JAMES M. GERE and HARESH C. 
SHAH. W.H. Freeman: 1984. Pp.203. Hbk ISBN 
0-7167-1496-5; pbk ISBN 0-7167-1497-3. Hbk £19.95; 
pbk £11.95. : 





Biological Sciences 


The Acoustic Reflex: Basic Principles and Clinical 
Applications. SHLOMO SILMAN (ed.). Academic: 
1984, Pp.528. ISBN 0-12-643450-6. $65.50, £46, 

Aspartame: Physiology and Biochemistry. LEWIS 
D. STEGINK and L.J. FILER Jr (eds), Dekker: 1984, 
Pp.696. ISBN 0-8247-7206-7. SwFr. 223. 

Australian Grasses. Revised Edition. By NANCY T. 
BURBIDGE. Angus & Robertson: 1984. Pp.283. ISBN 
0-207-14839-2. £15. 

Avian Biology. DONALD S. FARNER, JAMES R. 
KING and KENNETH C. PARKES (eds). Academic: 
1983, Pp. 542. ISBN 0-12-249407-5. 369.50. ‘ 

The Bacterial Photosynthetic Apparatus. as a `. 
Photoelectric Transducer. By. V.D. SMUILOV. 
Harwood: 1984. Pp. 133. ISBN 3-7186-0141-0. Np. 

Bacterial Protein Toxins. By J.E. ALOUF et al. 
Academic: 1984. Pp.455. ISBN 0-12-053080-5. $26, 
£17.50. 

The Basal Ganglia: Structure and Function. JOHN 
S. McKENZIE, ROBERT E. KEMM and LYNETTE 
N. WILCOCK (eds). Plenum: 1984, Pp.576. ISBN 0- 
306-4 1808-8. $79.50, 

Biological Response Mediators and Modulators. J. 
THOMAS AUGUST (ed.). Academic: 1983. Pp. 254. 
ISBN 0-12-068050-5. $29.50. 

Biology of the Eucestoda, Vol. 2. C. ARME and 
P.W. PAPPAS (eds). Academic: 1984. Pp.628. ISBN. 
0-12-062102-9. $58, £38. 

Biology of the Integument. 1: Invertebrates. J. 
BEREITER-HAHN, A.G. MATOLTSY and K. 
SYLVIA RICHARDS (eds). Springer-Verlag: 1984, 
Pp.841, ISBN 3-540-13062-4/0-387-13062-4. DM 298, 
$116.80. 

Biotechnology in the Marine Sciences. RITA R. 
COLWELL, E. RAY PARISER and ANTHONY J. 
SINSKEY (eds). Wiley: 1984. Pp.292. ISBN 0-471- 
88276-3. £38.35. 

The Birds of the Wetlands. By JAMES HANCOCK, 
Croom Helm: 1984, Pp.152. ISBN 0-7099-1287-0. 
£13.95, 

Caffeine. PETER B. DEWS (ed.). Springer-Verlag: 
1984. Pp.260. ISBN 3-540-13532-4. DM 88, $32.10. 

Cartilage. Vol. 1 Structure, Function, and 
Biochemistry, Vol. 3 Biomedical Aspects. BRIAN K. 
HALL (ed.). Academic: 1984. Vol.1 pp.385, ISBN 
0-12-319501-2; Vol. 3 pp.353, ISBN 0-12-319503-9. 
Vol. 1 $55, Vol. 3 $49.50. 

Catecholamines 3 Vols. Neurology and 
Neurobiology, Vols 8A, 8B and 8C. EARL USDIN er 
al. (eds). Alan R. Liss: 1984. Vol. 8A pp.420, ISBN 
0-8451-2707-1, £91. Vol. 8B pp.520, ISBN 0-8451- 
2708-X. Vol. 8C pp.260, ISBN 0-8451-2709-8. £72. 

Cell and Tissue Regeneration: A Biochemical 
Approach. By MARGERY G. ORD and LLOYD A. 
STOCKEN. Wiley: 1984. Pp.221, ISBN 0-471-86248-7. 
£42.95. 

Chloroplasts. By J. KENNETH HOOBER. Plenum: 
1984. Pp.280. Hbk ISBN 0-306-41643-3; pbk ISBN 0- 
306-4 1686-7. Hbk $42.50; pbk $19.95. 

Class Experiments in Plant Physiology. By HANS 
MEIDNER. George Alien & Unwin: 1984. Pp. 169. 
Hbk ISBN 0-04-581015-X; pbk ISBN 0-04-581016-8. 
Hbk £20; pbk £9.96. 

Cloning and the New Genetics. By MARGARET O. 
HYDE and LAWRENCE E. HYDE. Enslow, Bloy 
Street, Box 777, Hillside, NJ 07207: 1984. Pp. 128. 
ISBN 0-89490-084-6, $10.95. 

Comparative Pathobiology. Vol. 6 Invertebrate 
Blood. THOMAS C. CHENG (ed.). Plenum: 1984, 
Pp.211. ISBN 0-306-41674-3. $45. 

Comparative Pathobiology, Vol. 7 Pathogens of 
Invertebrates. THOMAS C. CHENG (ed.). Plenum: 
1984. Pp.278. ISBN 0-306-41700-6. Np. 

Contemporary Problems in Plant Anatomy, 
RICHARD A. WHITE and WILLIAM C. DICKSON 
(eds). Academic: 1984. Pp.598. ISBN 0-12-746620-7. 
$49, £38. 





Current Topics in Microbiology and Immunolegy. 
Retroviruses 3. P.K. VOGT and H. KOPROWSKI 
(eds). Springer-Verlag: 1984. Pp.115. ISBN 3-540- 
13307-0/0-387-13307-0. Np. 

Cyclic Nucleotides in the Nervous System. By 
GEORGE I. DRUMMOND. Raven: 1984. Pp. 135. 
Pbk ISBN 0-88167-015-4. Pbk $20.50. 

The Cytoskeleton: Cellular Architecture and 
Choreography. By ALICE B. FULTON. Chapman & 
Hall: 1984. Pp.80. Pbk ISBN 0-412-25510-3. Pbk 
£3.25, 

The Development of the Rat Spinal Cord. By 
JOSEPH ALTMAN and SHIRLEY A. BAYER. 
Springer-Verlag: 1984. Pp.166. Pbk ISBN 3-540- 
13119-1. Pbk $23.60, DM60. 

Developments in Biological Standardization, Vol. 
56: Brucellosis. L. VALETTE and W. HENNESSEN 
(eds). Karger: 1984. Pp.779. ISBN 3-8055-3944-4, 
SwFr. 160, DM 192, US$ 96.00. 

Diseases of Amphibians and Reptiles. GERALD L. 
HOFF, FREDERIC L. FRYE and ELLIOTT R. 
JACOBSON (eds). Plenum: 1984. Pp. 784. ISBN 0-306- 

"711-1. $97.50, 

DNA Repair and Its Inhibition. A. COLLINS, C.S. 
DOWNES and R.T. JOHNSON (eds). IRL: 1984. 
Pp.371. Pbk ISBN 0-904 147-73-8. Pbk £27, $55. 

Dopamine Receptor Agonists. GEORGE POSTE 
and STANLEY T. CROOKE (eds). Plenum: 1984. 
Pp. 388. ISBN 0-306-41654-9. $55. 

Ecology and Evolutionary Biology: A Round Table 
on Research. GEORGE W. SALT (ed.). University of 
Chicago Press: 1984. Pp. 130. Pbk ISBN 0-226-73443-9. 
Pbk £6.75, 

The Ecology of Tropical Food Crops. By M.J.T. 
NORMAN, C.J. PEARSON and P.G.E. SEARLE. 
Cambridge University Press: 1984. Pp.369. Hbk ISBN 
0-521-24082-4; pbk ISBN 0-521-28428-7. Hbk £32.50; 
pbk £12.95. 

Fish Migration. By BRIAN A. McKEOWN. Croom 
Helm: 1984. Pp.224. ISBN 0-917304-99-3. £19.95. 

Fish Physiology. Vol. X Gills. W.S. HOAR and D.J. 
RANDALL (eds). Academic: 1984. Pp.456. ISBN 
0-12-350430-9. $59, £41.50. 

Folate Antagonists as Therapeutic Agents: 
Biochemistry, Molecular Actions, and Synthetic 
Design. F.M. SIROTNAK et al. (eds). Academic: 1984. 
Pp.367. ISBN 0-12-646901-6. $69.50, £49. 

Gene Expression: The Translational Step and its 
Control. BRIAN F.C. CLARK and HANS UFFE 
PETERSEN (eds). Munksgaard: 1984. Pp.527. ISBN 
87-16-09561-8. D.Kr. 350. 





Applied Biological Sciences 


Distribution, Biology, and Management of Exotic 
Fishes. By WALTER R. COURTENAY Jr and JAY R. 
STAUFFER Jr. Johns Hopkins University Press: 1984. 

_ Pp.430. ISBN 0-8018-3037-0. $40. 

Dual Addiction: Pharmacological Issues in the 
Treatment of Concomitant Alcoholism and Drug 
Abuse. MARY JEANNE KREEK and BARRY 
STIMMEL (eds). Haworth: 1984. Pp.120. ISBN 0- 
86656-318-0. $22.95. 

Endoscopid Interpretation: Normal and Pathologic 
Appearances of the Gastrointestinal Tract. By 
MICHAEL O, BLACKSTONE. Raven: 1984. Pp. 591. 
ISBN 0-89004-789-8. $130. 

Etoposide (VP-16) Current Status and New Devel- 
opments. BRIAN F. ISSELL et al. (eds). Academic: 
1984. Pp.355. ISBN 0-12-375350-3. $30, £21. 

Folate Antagonists as Therapeutic Agents. F.M. 
SIROTNAK et al. (eds). Academic: 1984. Pp.303. 
ISBN 0-12-646902-4. $59.50, £42. 

Frontiers in Biochemical and Pharmacological 
Research in Depression. Advances in Biochemical 
Psychopharmacology, Vol. 39. EARL USDIN et al. 
(eds). Raven: 1984. Pp.482. ISBN 0-89004-243-8. 
$93.50. 

Gene Transfer and Cancer (Progress in Cancer 
Research and Therapy, Vol. 30). M.L. PEARSON and 
N.L. STERNBERG (eds). Raven: 1984. Pp.398. ISBN 
0-89004-899-1, $76.00. 

Handbook of Piant Cell Culture, Vol. 2 Crop 
Species. W.R. SHARP et al. (eds). Collier Macmillan: 
1984. Pp.644. ISBN 0-02-949780-9. £49.50. 


Hepatitis B: The Virus, the Disease, and the Vaccine. 
IRVING MILLMAN, TOBY K. EISENSTEIN and 
BARUCH S. BLUMBER (eds). Plenum: 1984. Pp.251. 
ISBN 0-306-41723-5. $39.50. 

Hormenes and Cancer 2. Progress in Cancer 
Research and Therapy Vol. 31. FRANCESCO 
BRESCIANI et al. (eds). Raven: 1984. Pp.735. ISBN 
0-88167-031-6. $88.50. 

Human Trophoblast Neoplasms. Advances in 
Experimental Medicine and Biology, Vol. 176. 
ROLAND A. PATTILLO and ROBERT O. HUSSA 
(eds). Plenum: 1984. Pp.505. ISBN 0-360-41735-9. 
Np. 

Hypertension: Physioiogical Basis and Treatment. 
HELEN H. ONG and JOHN C. LEWIS. Academic: 
1984. Pp.327. ISBN 0-12-526850-5. $35. 

The Importance of Laboratory Animal Genetics, 
Health, and the Environment in Biomedical Research. 
EDWARD C. MELBY Jr and MELVIN W. BALK 
(eds). Academic: 1984. Pp.284. ISBN 0-12-489520-4. 
$25. 

Lipids in Cereal Technology. P.J. BARNES (ed.). 
Academic: 1983. Pp.425. ISBN 0-12-079020-3. $65, 
£39.50. 

Lung Cancer: The Facts. By CHRIS WILLIAMS. 
Oxford University Press: 1984. Pp.148. ISBN 
0-19-261418-5. £6.95. 

Mechanism of Drug Action. THOMAS P. SINGER 
(ed.). Academic: 1984. Pp.405. ISBN 0-12-646680-7. 
$39, £30.50. 

Monoclonal Antibodies and Cancer. G.L. WRIGHT 
Jr (ed.). Dekker: 1984. Pp.444. ISBN 0-8247-7073-0. 
Np. 

The Mouse in Biomedical Research, Vol.3. H.L. 
FOSTER, J.D. SMALL and J.G. Fox (eds). Academic: 
1983, Pp.447. ISBN 0-12-262503-X. $83.00. 

Multiple Trauma. Progress in Critical Care 
Medicine. R.J. WILDER (ed.). Karger: 1984. Pp. 288. 
ISBN 3-8055-3823-5. DM 114, $57. 

Opioid Modulation of Endocrine Function. 
GIUSEPPE DELITALA, MARCELLA MOTTA and 
MARIO SERIO (eds). Raven: 1984. Pp.296. ISBN 
0-88167-024-3. $58, 50. 

Pharmaceuticals in the Year 2000: The Changing 
Context for Drug R & D. CLEMENT BEZOLD (ed.). 
Institute for Alternative Futures; 1983. Pp. 154. Np. 

Physiology and Biochemistry of the Domestic Fowl, 
Vol. 5. B.M. FREEMAN (ed.). Academic: 1984, 
Pp.436. ISBN 0-12-267105-8. $79.95, £55. 

Principles of Clinical Toxicology. By THOMAS A. 
GOSSEL and J. DOUGLAS BRICKER. Raven: 1984. 
Pp. 367. ISBN 0-89004-95 1-3. $47. 

Progress in Immunodeficiency Research and 
Therapy 1. C. GRISCELLI and J. VOSSEN (eds). 
Elsevier: 1984, Pp.481. ISBN 0-444-80602-4. $98, Dfl. 
255. 





General 


Asymmetric Synthesis. Vol.1 Analytical Methods. 
JAMES D. MORRISON (ed.). Academic: 1983. 
Pp.201. ISBN 0-12-507701-7. $32. 

Atlantis: The Lost Continent Revealed. By 
CHARLES BERLITZ. Macmillan: 1984. Pp.223. 
ISBN 0-333-37849-0. £9.95. 

Behavioural Ecology, 2nd Edn. An Evolutionary 
Approach. J.R. KREBS and N.B. DAVIES (eds). 
Blackwell: 1984. Pp.493. Hbk ISBN 0-632-00987-X; 
pbk ISBN 0-632-00998-5. Hbk £25.00; pbk £13.80. 

Being Alive on Land. N.S. MARGARIS, M. 
ARIANOUSTOU-FARAGGITAKI and W.C. 
OECHEL (eds). Dr W. Junk: 1984. Pp.322. ISBN 
90-6193-953-4. Dfl. 175, $72, £44.50, 

Blending of New and Traditional Technologies. 
INTERNATIONAL LABOUR OFFICE. Tycooly 
International Publishing: 1984. Pp.285. ISBN 
0-86346-055-0. $42, £25. 

Child Health & Development, Vol.3: Prevention of 
Perinatal Mortality and Morbidity. F. FALKNER 
(ed.). Karger: 1984, Pp.182. ISBN 3-8055-3854-5, 
SwFr, 74.00, DM 89.00. 344.50. 

Climate and Development. ASIT K. BISWAS (ed.). 
Tycooly International: 1984. Pp.146. Hbk ISBN 
0-907567-36-3; pbk ISBN 0-907567-37-1. Hbk $25.00, 
£16.50; pbk $9.75, £5.95. 

















Coal Science, Vol.2. MARTIN L. GORBATY, 
JOHN W. LARSEN and IRVING WENDER (eds). 
Academic: 1983. Pp.300. ISBN 0-12-150702-5. $55. 

Collected Works of Meghnad Saha. SAINTIMAY 
CHATTERJEE (ed.). Orient Longman: 1982. Pp.591. 
ISBN B-86131-3488. Rs. 75.00. 

Managing Science Policy and Technology 
Acquisition: Strategies for China and a Changing 
World. RUSTAM LALKAKA and WU MINGYU 
(eds). Tyceoly Publishing, 6 Crofton Terrace, Dun 
Laoghaire, Co. Dublin, Ireland: 1984. Pp. 432. ISBN 
0-86346-050-X. $65, £40. 

Marine Natural Products, Vol. 5. PAUL J. 
SCHEUER (ed.). Academic: 1983. Pp. 442. ISBN 
0-12-624005-1. $69.50. 

Medicine for Beginners. By TONY PINCHUCK and 
RICHARD CLARK. Writers & Readers: 1984, Pp. 173. 
Pbk ISBN 0-863 16-007-7. Pbk £2.95. 

Multivariate Observations. By G.A.F. SEBER. 
Wiley: 1984. Pp. 686. ISBN 0-471-88104-X, £48.50. 

Network Flows and Monotropic Optimization. By 
R.T. ROCKAFELLAR. Wiley: 1984. Pp. 616. ISBN 
0-471-88078-7. £44.50. 

Non-Linear Elastic Deformations. By R.W. 
OGDEN. Ellis Horwood: 1984. Pp. 532, ISBN 0-85312- 
273-3. £35.00. 

Nuclear Power and Public Responsibility. By L.E.J. 
ROBERTS. Cambridge University Press: 1984. Pp. 
143. ISBN 0-521-24718-7. £8.95, $19.95. 

Nuclear Weapons and Nuclear War: A Sourcebook 
for Health Professionals. CHRISTINE CASSEL, 
MICHAEL McCALLY and HENRY ABRAHAM 
(eds). Praeger: 1984. Pp. 553. Hbk ISBN 0-03- 
063872-0; pbk ISBN 0-03-063873-9. Pbk $29.95, 

Oil Price Shocks, Market Response, and Con- 
tingency Planning. By GEORGE HORWICH and 
DAVID LEO WEIMER. American Enterprise Institute 
for Public Policy Research, 1150 17th Street, N. W., 
Washington, DC 20036: 1984. Pp. 220. Hbk ISBN 
0-8447-3555-8; pbk ISBN 0-8447-3554-X. Hbk $16.95; 
pbk $8.95, 

Order and Surprise. By MARTIN GARDNER. 
Oxford University Press: 1984. Pp. 396. Pbk ISBN 
0-19-286051-8, Pbk £6.95. 

Organic Functional Group Preparations, Vol. 1, 2nd 
Edn. By STANLEY R. SANDLER and WOLF KARO, 
Academic: 1983. Pp. 657. ISBN 0-12-618601-4, $75.00. 

A Pictorial Guide to the Birds of the Indian 
Subcontinent. By SALIM ALI and S. DILLON 
RIPLEY. Oxford University Press: 1984. Pp. 175. 
ISBN 0-19-561634-0. £22.50. 

Pigs for the Ancestors. By ROY A. RAPPAPORT. 
Yale University Press: 1984. Pp. 499. ISBN 0-300- 
03204-8; pbk 0-300-03205-6. Hbk £27; pbk £8.95. 

Principles of Adsorption and Adsorption Processes. 
By DOUGLAS M.RUTHVEN. Wiley: 1984. Pp. 433. 
ISBN 0-471-86606-7. £49.00. 

Probability, Objectivity and Evidence. By F.C. 
BENENSON. Routledge & Kegan Paul: 1984. Pp. 284. 
ISBN 0-7100-9598-8. £19.95. 

Problems of Mixed Mode Crack Propagation, By 
E.E. GDOUTOS. Martinus Nijhoff: 1984, Pp. 204. 
ISBN 90-247-3055-4. $53, £33.25. 

To the Ends of the Earth. The Transglobe 
Expedition: The First Pole-to-Pole Circumnavigation 
of the Globe. By RANULPH FIENNES. Arbor House: 
1984. Pp. 547. Pbk ISBN 0-87795-490-9, Pbk $12.95. 

Toward a Structural Theory of Action. By RONALD 
S. BURT. Academic: 1982. Pp. 381. ISBN 0-12- 
147150-0. $74.50. 

A Treatise on Generating Functions. By H.M. 
SRIVASTAVA and H.L. MANOCHA. Ellis Hor- 
wood: 1984. Pp. 569. ISBN 0-85312-508-2. £37. 50. 

Two Generations. By EDMUND and PETER HIL- 
LARY. Hodder & Stoughton: 1984. Pp. 223. ISBN 
0-340-35420-8. £10.95. 

Universality in Chaos. PREDRAG CVITANOVIC 
(ed.), Adam Hilger: 1984. Pp. 511. Hbk ISBN 0-85274- 
766-7; pbk ISBN 0-85274-765-9. Hbk £28; pbk £11.50. 

Vision, Apparitions, Alien Visitors: A Comparative 
Study of the Enigma. By HILARY EVANS. Turnstone 
Press, Denington Estate, Wellingborough, Northants: 
1984. Pp. 320. ISBN 0-85030-4 14-8, £9.95. 

Water Power in Scotland 1550-1870. By JOHN 
SHAW. John Donald: 1984. Pp. 606. ISBN 0-85976- 
072-3. £25. 









‘Program to Compare 
-the Means of Two Series 
of Measurements 


Authors: D.L. Massart etal. 


@ requires no profound knowledge of statistics 


è guides user with playful ease to the correct 
statistical test 

-© incorporates: 

| - paired t-test (parametric) 

- Wilcoxon test (non-parametric) 

- Student’s t- and Cochran's 
tests (parametric) 

- Mann-Whitney’s U-test 
(non-parametric) 

- tests for small and large 
numbers of measurements 

- one/two tailed (sided) tests 


@ full source code listings 


è clear, fully descriptive 
manual with worked examples 


e US$ 150.00 


Circle No.09 on Reader Service Card. 


Copies of articles from this 


publication are now available from 


the UMI Article Clearinghouse. 


For more information about the 
Clearinghouse, please fill out and mail back 
the coupon below. 


Article, 
paringhouse 


Yes! I would like to know more about UMI Article Clearingheuse. 

lam interested in electronic ordering through the following system(s): 

O DIALOG /Dialorder CTT Dialcom 

CI OnTyme O OCLC ILL Subsystem 

(J Other (please specify). 

C) Lam interested in sending my order by mail. 

C Please send me your current catalog and user instructions for the 
system(s) I checked above. 





Name. 





5 | 3 [Rie ena er OnE 





Institution/Company. 





ELSEVIER SCIENTIFIC SOFTWARE 





Department 





Address__ 
City. State 
Phone ( } 


Mail ta: University Microfilms International 
300 North Zeeb Road, Box 91 Ann Arbor, MI 48106 











for: IBM-PC and 
Apple Il series 


AVAILABLE FROM 


Elsevier Scientific Software {JIC} 
52 Vanderbilt Avenue 

New York, NY 10017 USA 
Phone: (212) 370 5520 

Telex: 420643 






or 
Elsevier Scientific Software 
P.O: Box 330 

1000 AH Amsterdam 

THE NETHERLANDS 
Phone: (020) 5803 911 
Telex: 18582 


Write tous for further 
information on our other 
programs. 


No shipping charge if paid 
in advance 


tered trademark 
ter, fre 





Ted trademark GLIBM 





D. Reidel Publishing Company 


INTERNATIONAL TABLES FOR CRYSTALLO- 
GRAPHY 

Brief Teaching Edition of Volume A 
Space Group Symmetry 

T. HAHN (ed.) 

1985, viii + 120 pp. 

Cloth Dfl. 27,50/£ 7.60/$ 8.50 


FOURIER TRANSFORM INFRARED 
SPECTROSCOPY 

Industrial Chemical and Biochemical Applications 
T. THEOPHANIDES (ed.) 

1984, 192 pp. 

Cloth Dfl. 78,—/£ 19.95/US $ 29.50 


ISBN 90-277-1964-0 


ISBN 90-277 -1783-4 


SPECTRAL ATLAS OF POLYCYCLIC AROMATIC 
COMPOUNDS 

including Data on Occurrence and Biological Activity 
Edited and Compiled by W. KARCHER et al 

1985, 820 pp. 
Cloth Dfl. 225,—/£ 55.60/US $ 84.00 ISBN 90-277-1652-8 


You are invited to visit our representatives at Stand 949 in New 
Orleans, where our full range of Chemistry publications will be 
on display. 


D. REIDEL PUBLISHING COMPANY 

a member of the Kluwer Academic Publishers Group 
P.O. Box 322 

3300 AH Dordrecht 

Holland 





Circle No.19 on Reader Service Card. 






40-10 is the Optomax 
biotechnology image 
analyser which uses the 
latest microprocessor 
technology to measure 
inhibition zones, count 
colonies, fluorescing 
bacteria, cells, auto 
radiograph grains, nuclear 
tracks, spiral plates and 
viral plaques. 


40-10 performs 
chemotaxis assays on 
thick or thin membranes, 
measures areas and 
intercepts and prints your 
results. 


40-10 


MICROPROCESSOR 
TECHNOLOGY 
FROM 


Optomax inc 


Circle No.14 on Reader Service Card. 





is available in 
microform. 


University Microfilms 
International reproduces this 
publication in microform: 
microfiche and 16mm or 
». 35mm film. For information 
- about this publication or any 
of the more than 13,000 titles 
we offer, complete and mail the coupon to: University 
Microfilms International, 300 N. Zeeb Road, Ann Arbor, 
MI 48106. Call us toll-free for an immediate response: 
800-521-3044. Or call collect in Michigan, Alaska and 
Hawaii: 313-761-4700. 


[2 Please send information about these titles: 





Company/institution _ 








Address 











University 
Microfilms 
International 








BURN YOUR REFERENCE CARDS! 


REF-11° 


Computerizes your REFERENCES 
and prepares your BIBLIOGRAPHIES 


] Maintains a data base of references 


CI Searches for any combination of authors, years of publication, 
reference titie (or any words in the title), and topics covered 
by the reference 


3 Formats bibliographies exactly as you want them 
| Aiphabetizes references I Menu driven dialogue 
T) Abbreviates journal titles O Compact storage format 


“| Runs on any video terminal {) 20 lines of comments for 
and printer each reference 





IBM PC/xT/AT, MS-Dos, cP/m a0... 31950 


RT-11, TSX-Plus, RSX-11, P/OS 


VAX/VMS (native mode) 


ANY 
M 
manua S190 komo *20°° 
322 Prospect Ave., Hartford, CT 06106 
(203) 247-8500 


Connecticut residents add 7% sales tax 
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1985 Pittsburgh Conference & Exposition 


This year’s 36th ‘Pittcon’ concentrates on analytical CMONRUSTY, and applied spectroscopy. 


@ Malvern Instruments Inc., of 
Framingham, Massachusetts will be 
exhibiting several new systems in New 
Orleans. The Malvern K7032 computer/ 
correlator makes its worldwide debut at the 
show. This multibit correlator will have 
wide applications as a digital signal 
processor in light scattering methods of 
particle size and molecular weight analysis 
and also in laser Doppler anemometry. 
Two systems being shown for the first time 
in the United States are the Autosizer II and 
Zetasizer II. The Autosizer II is an 
advanced submicrometre particle size 
distribution analyser designed for routine 
measurement of any size distribution. The 
Zetasizer HI is a combined particle 
electrophoresis and size analyser which 
allows rapid and accurate measurement of 
zeta potential and particle mobility of 
colloidal or biological systems and also has 
the capability to measure submicrometre 
particle size. Malvern Instruments will also 
introduce dry powder particle size analysis 
for its range of laser diffraction 
instruments. Analysts will have the choice 
of using the Malvern 2600 system to 


. analyse powders directly in their dry form 





Lor dispersed in a suitable liquid as well as to 


carry out size distribution analysis of liquid 


_ sprays and aerosols. Booth 375. 
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© A new HPLC amino acid analysis 
system with automated data management 
and system control is being introduced by 
Waters Chromatography Division of 
Millipore Corporation at the 1985 
Pittsburgh Conference. The Waters PICO 
TAG HPLC amino acid analysis system 
provides high sensitivity compositional 
analysis of protein hydrolysate amino acids 
from aslittle as 100 ng of sample in less than 
15 min. After sample derivatization on the 
Waters PICO TAG work station, the 
system features automated sample 
injection with Waters WISP sample 
processor, and automated system control 
and sophisticated data management with 
the Waters 840 data and chromatography 
control station. The PICO TAG 
precolumn derivatization procedure is 
based on the phenylisothiocynate (PITC) 
chemistry developed by Edman for amino- 
terminal residue sequencing of proteins. 
The Waters 840 data and chromatography 
control station incorporates the DEC 
Professional 350 computer and a high- 
speed, high-capacity Winchester hard disk 
which stores methods and up to one 
month’s raw data. Dual floppy disks 
provide long-term storage of methods and 
data, and allow easy recall. Booths 164- 
285. 
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Dapple’s new graphic display. 


@ Dapple Systems, Inc. is introducing the 
ImageSelect image measurement and pro- 
cessing system for the stereological analysis 
of especially difficult video images. Array 
processing functions are incorporated to 
enhance features in grey-scale images 
before measurement, and for those cases 
when automatic measurement is not pos- 
sible, features may be traced manually. The 
booth will feature a demonstration of 
Apple computer-based analytical systems 
including X-ray automation, energy 
dispersive microanalysis and image 
processing and analysis. Booth 3618. 
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@® A new automated multi-sample 
nitrogen analyser is the main feature of 
Erba Instruments Inc.’s display. The Erba 
NA 1500 automatically processes up to 50 
samples in unattended operation. It 
simultaneously analyses N, NC and NCS 
content. Other exhibits include a high- 
resolution head space capillary gas 
chromatography system with multi- 
detector capabilities able to analyse up to 
40 samples automatically, and an elemental 
analyser (the Erba 1106) able to provide 50 
fully automatic CHN, O, or S determin- 
ations in 6 h. Booths 2464-66; 2563-65. 
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@ Brinkmann Instruments Co., a division 
of Sybron Corporation, is introducing a 
wide range of new products at the 1985 
Pittsburgh Conference. Brinkmann will 
exhibit the new Metrohm 672 Titrator, a 
complete titration system that makes 
routine methods, including Karl Fischer 
water determinations, equivalence-point 
recognition and set endpoint titrations, as 
easy as pushing a button. The memory of 
the 672 can store up to 40 user-designed 
methods and up to nine calculations for 
each. Most procedures are printed out in 
less than 2 min. Also on display is the new 
line of Buchi fully automatic rotary 
evaporators, with digital readout, 
providing automatic distillation via a 
microprocessor controlled \ keyboard 
featuring rotation speed, bath 
temperature, operating pressure, 
distillation time and automatic shut-off. 
Other new products include a Metrohm 
turntable for COD analysis, Kjeldahl 
analysers, digestors, grinding mills and 
sieves. Booths 1537-1552. 
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Buchi products are on the Brinkman booth. 





Visitors to the Pittsburgh Congress, which is held this year in New Orleans, can compare the new 
convention centre with this artist’s impression. 


® The congress sees the launch of new 
products from Bio-Rad in the fields of 
protein analysis and separation, 
fermentation monitoring, monoclonal 
antibody purification and FT-IR 
spectroscopy. These include: an 
automated carbohydrate and alcohol 
HPLC system with data acquisition, giving 
high resolution analysis of all classes of 
carbohydrates in 5-15 minutes. The new 
monoclonal antibody purification system 
(MAPS) completely removes proteases, 
transferrin, albumin and other con- 
taminating proteins from mouse, human 
and rat IgG. Also at the Pittcon will be a 
new family of Digilab FT-IR spec- 
trometers. These offer 32-bit data proces- 
sing, user-friendly menu prompting and a 
large four-colour display. Both 480. 
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Free with each purchase of an Elkay pipette. 


© Elkay is introducing five new product 
groups at the Pittsburgh Conference. 
There are 17 different fixed, variable and 
digital volume models in the new Elkay XL 
micropipettor series. Each model has 
featherweight plunger action, a hexagonal 
body for ease of handling and guaranteed 
accuracy. As a special introductory offer, 
any purchaser of the new pipettors during 
the conference will receive a free electronic 
timer. New sterile disposable culture tubes 
and caps come in sizes ranging from 10 x 
75 to 17 x 100 mm. They are precision 
molded in polystyrene and polypropylene 
and are available individually wrapped or 
in easy to store tray packs. Elkay Bioloops 
have been introduced to make media 
inoculation simpler and safer. Bioloops are 
sterile disposable inoculating loops and 
needles which do not have to be flamed 
before use. This eliminates the risk of 
spreading pathogenic aerosols. There are 
three different Biolooop types. Two have a 
needle and a 10 yl or 1 yl calibrated loop. 
The third type combines 1 pl and 10 pl 
loops. For centrifugation, Elkay 
announces a new line of disposable sterile 
and non-sterile 15 mi and 50 ml capacity 
tubes. These tubes have secure screwcaps 
for convenience and safety. They also have 
easy to read, moulded-in graduations and 
optional Styrofoam rack packaging. 
Elkay’s new disposable cuvette with four 
clear sides can be used not only for 
spectrophotometry but also for fluoro- 
metry and nephelometry. These cuvettes 
deliver up to 70% transmittance at 340 nm 
and are packaged in shrink-wrapped 
Styrofoam trays. Booth 2477. 
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A complete mass-spectrometry system from Finnegan-MAT. 





@ The Finnigan MAT booth will feature 
two new mass-spectrometer systems, the 
THQ (thermionic quadrupole) and the 
8400 Series. The THQ spectrometer was 
specifically designed for isotope dilution 
applications. Applications software and 
sample handling technology were taken 
from the Finnigan MAT Model 261 
thermal ionization isotope ratio mass 
spectrometer and combined with a quad- 
rupole analyser to form the THQ. 
Comprehensive instrument control and 
automatic data evaluation are performed 
by a scientific desktop computer of the 200 
series from Hewlett-Packard. Preferred 
applications of the THQ instrument are: 
trace element determination in food and 
biomedical samples; isotope ratio 
determination in mobile safeguard 
applications; determination of elemental 
concentrations in geological samples; and 
identification of toxic heavy metals in 
environmental samples. In addition to the 
THQ and 8400 Series, Finnigan MAT will 
show the ITD (Ion Trap Detector), a 
routine GC detector having the power of 
mass spectrometry. Booth 1985. 
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@ Bruker Instruments, Inc. will show an 
MSL console and an AM NMR 
spectrometer with a 300mHz supercon 
magnet system, as well as an automatic 
sample changer for up to 60 samples. 
Among the new AM/MSL Series options 
available this year are: a fibre-optic data 
link that performs data transfer between 
two ASPECT 3000 computers at ‘‘mega 
speeds” (up to SmHz); an array-processor 
that substantially reduces computational 
processing time, performing Fourier 
transforms of a 128-kW data table in less 
than 3s; and a super-low-loss (up to 9-month 
helium hold-time) cryomagnet Dewar. 
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® Allied Instrumentation Laboratory will 
be demonstrating the latest range of Allied 
atomic absorption spectrophotometers 
and operating software for plasma 
emission spectrometry. From their range 
of spectrophotometers, Allied will be 
showing the microcomputer controlled 
Video 22, Video 11 and Video 12 instru- 
ments. All feature Smith-Hieftje 
background correction. The mono. 
chromator, common to all the instruments, 
is an Ebert Fastie system with a ‘4m focal 
length. It achieves a high resolution of 0.04 
nm, making it suitable for atomic emission 
determinations. The Video 11 is a single- 
beam instrument with graphics capability 
and is ideally suited for furnace and 
hydride generation work, where transient 
signals occur. The Video 12 is a single- 
channel double-beam instrument. It offers 
long-term stability in operation and is well 
suited to dealing with a large number of 
samples, using an autosampling system. 
Top of the range is the Video 22, which has 
two independent absorption channels in 
the double-beam mode. Also being 
demonstrated are the SII and S12 
spectrophotometers. These instruments 
are both of modular design, and can be 
upgraded to video at a later date. For the 
Plasma 200 emission spectrometer, Allied 
now offer a vacuum monochromator 
which offers resolution down to 0.02 nm in 
the first order and 0.01 nm in the second 
order. Allied will also be demonstrating 
SLIM, the Side Line Indexing Method, an 
alternative method of emission line peak 
search in plasma emission spectrometry. 
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These notes are based on information provided 
by the manufacturers. For further details circle 
the appropriate numbers on the Reader Service 
Card bound inside the journal. 
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- The Lab 800A System 
Advanced Preparative 
HPLC for Research and 
Product Development 


Perform even the most difficult 
purifications of pharmaceuticals, 
biologicals, biochemicals, or natural 
products rapidly and efficiently. 

Reliable stainless steel column 
technology and flow rate capabilities to 
800 ml/min. at 1800 psi in isocratic or 
gradient operation, provide the ultimate 
versatility in packing media selection. 

For milligram to multi-gram scale 
purifications, the Lab 800A preparative 
HPLC is the answer. 


Separations Technology 


Wakefield, Rhode Island ® (401) 789-5660 
Division of Microbiological Sciences, Inc. 


3 ; Please visit us at BIOTECH ‘85 (San Francisco), booth#643 and PITTSBURGH CONF., booth##3513 


A complete range of 254-302-365nm and multiband U.V. lamps and generators 
for your FLUORESCENT ANALYSIS 





Esquisse 


(= table liuorescente 302 


Fluorescent table 
CN-15 U.V. darkroom V.L. lamp with stand 


FIRST FRENCH MANUFACTURER 
254-302-365nm lamps O Fluorescent tables VILBER LOURMAT 
Multiband lamps U.V. radiometers 


] Portable lamps Eprom erasers BP 66 - Torcy. Z.1. Sud. 77202 Marne-la-Vallée Cedex 2 
LV dodeones e 7 France - Tél. : (6) 006.07.71 + - Télex VILBER 691062 F 


TN 
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Think of it as “One Stop Shopping” 


If you think that prompt delivery, 
broad selection, and rapid service is a 
contradiction in the biochemical world 
you haven’t experienced NBCo 
Biochemicals. 

The fact is you can order biochem- 
icals from several different distributors 
and supply houses and wait while they 
purchase materials to fill your order. 
NBCo Biochemicals instead is your 
Biochemical Supermarket. 

You will find a complete selection of 
biochemicals for research, analytical, 
and diagnostic applications in our new 


k Blue Book of Biochemicals. 

















NBCo Biochemicals, Your Prime Source Company 


NBCo Biochemicals 


aa |__Division of ICN Biomedicals, Inc. 















The selection will include 
over 4,000 products to choose from: 


Amino Acids 
Antibiotics 
Carbohydrates 
Enzymes | 

Fatty Acids 

Fluorinated Compounds 
Growth Factor Analogs 
Hormones 

Nucleotides 

Peptides 

Peptones 

Steroids 

Substrates 

Vitamins 





When you specify NBCo Biochem- 
icals, you can forget about waiting and 
worrying and making out more P.O.’s 
than you need to. 

But there’s a lot more to NBCo Bio- . 
chemicals than just prompt delivery, 
broad selection, and rapid service: Our 
commitment to serve the research 
community. 


Why Not Experience NBC 
Biochemicals Today? 


Call us to place your next biochemical 
order and register to receive our Blue 
Book of Biochemicals, toll free: 


1-800-431-2800 


In Ohio, call collect (216) 831-3000 
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- RAPID-Ag-STAIN™ 


RAPID-Ag-STAIN i is the most advanced kit for the detection of proteins and nucleic " 
acids in polyacrylamide gels: 
e RAPID: Gels may be visualized in less than one hour. 
e SENSITIVE: Up to 125 times CBB. 
e SIMPLE: Easy to follow 3 step procedure. : 
e VERSATILE: For proteins, RNA & DNA, “2-d” electrophoresis, “2-d” electrophoresis 
O'Farrell, as a substitute for autoradiography or CBB, following CBB, | 
and as a check of transfer efficiency. a 
e CONVENIENT: Two package sizes, enough for 10 or 25 slab gels (140 mm x 140 mm- 
x 1.0 mm). 


Coomassie Brilliant Blue Vs. RAPID-Ag-STAIN 


Sample: Amounts of each substance applied per lane 
a Bovine Serum Albumin (BSA) 1 5ug 4 40ng 7 320 pg 
b Ovalbumin (OA) 2 ing 5 8ng 8 64 pg 

c Chymotrypsinogen A (Chy A) 3 200ng 6 1.6ng 9 12.8 pg 
Gel: SDS-PAG, 15% gel. 
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OA 20ng | 416ng | 125times | 40ng | 32pg | 125 times 
ee N a {129 times 

| ChyA | 4ng | 320pg | 125times| 8ng | 63pg | 125 times | 
Catalog Number Price introductory. Offer 
820010 RAPID-Ag-STAIN for 10 slab gels $ 80.00 $ 72.00 
820020 RAPID-Ag-STAIN for 25 slab gels $125.00 $112.50 


To order RAPID-Ag-STAIN and to obtain more information 
simply call toll free: 


1-800-854-0530 
In California call couse 714-833- 2500 





PRE-CLINICAL RESEARCH WITH 
INTERFERONS 
ANNOUNCEMENT 


of a new program of 


THE AMERICAN CANCER SOCIETY 


is initiating a program of support for preclinical research with interferons. 

it will provide reagents (i.e., various preparations of mouse and rat interferons and 
antibodies to these interferons) as well as financial support where this is critical to 
. conducting the research. In 1985, a total budget of £1.5 million is available for 
procurement and research. 


Applications should be received by March 15, 1985, for a first cycle of peer reviews, 

and by June 1, 1985, for a second cycle. 

AREAS OF PRIORITY ARE: K 

1. mechanism(s) of the antineoplastic action of interferons; 

2. pharmacokinetics and pharmacology of interferons; 

3. studies of the relationship between interferon dose/schedule and antineoplastic 
response in vivo; a? S 

4. therapies using combinations of different moiecular species of interferons, or 
interferon and other antineoplastic or immunomodulatory agents; 

5. use of interferons for “chemoprophylaxis” following the application of tumor 
inducing agents. 

The purpose of this program is not-to supercede regular grant mechanisms. It is 

designed to support pre-clinical studies whose outcome could be expected to 

accelerate and/or facilitate the development of maximally. effective clinical 

applications of interferons as single agents or in combination antitumor therapies. 

Applications requesting reagents only should consist of a letter describing 

research goals, rationale, methods (briefly), existing support and justifications for the 

request. A short supporting letter from an official of the investigator's institution anda 

of the principal investigator should be enclosed. 

Applications for financial support and reagents should be on standard American 

Cancer Society forms (including Statements on Human Subjects and Animal Use). 

The body of the application should not exceed six typewritten pages in length, and 

should describe research goals, rationale, methods and budgetary needs with 

justifications. A.C.V, of the principal investigator should be enclosed. Please note 

that unsollicited applications for financial support by investigators outside the U.S. or 

Puerto Rico cannot be funded by the Society. 

Applications should be sent to: Dr. C. Chester Stock, American Cancer 

Society, 90 Park Avenue, New York, N.Y. 10016 (NW1532)N 


















NEW HALL 
Dee Corporation Rese 
Studentship in Biochemistry 


Applications are invited from wo 
who will have graduated by Octo 
1985 for a Studentship for researc 
Biochemistry or related subject 

ecular Biology,. Cell. Biolo 
Biological Chemistry. etc. 























































minimum value is £250 a year. T. 
College will pay College and: Uni 
sity fees at the rate for *home’/} 
students. a A 
Applications should be made t 
Ist May 1985 on CIGAS applicatio 
forms obtainable from the Board ¢! 
Graduate Studies, 4 Mill Lane 
Cambridge CB2 IRZ. Further detai! 
may be obtained from the Presiden 
New Hall, Cambridge CB3 0DF. 
Ë : Oo S587 





















BRITISH FOUNDATION 
FOR AGE RESEARCH 


Medical Advisory Council of the 
h Foundation for Age Research 
s applications for grants to sup- 
rt biomedical research related to the 
ealth of the elderly. 


jrants will be additional to the 
‘oundation’s, funding of Research 
identships. 


rite with s.a.e. for application 
mto The Administrator, Dept. N, 
BEAR, 49 Queen Victoria Street, 
“London, EC4 4SA. > 


Closing date for completed applica- 
on 30th April 1985. (5578)N 


STUDENTSHIPS 


DURHAM UNIVERSITY 


DEPARTMENT OF BOTANY 
¿= SERC Biotechnology 
Research Studentship 


plications are invited from 
udents graduating in a biological 
science with a first or 2.1 fora project 
commencing October. 1985, using 
-Agrobacterium tumefaciens Ti-Plas- 
mids to study Tissue-Specific Gene 
Regulation in Plants. 































Applications, including curricu- 
lum vitae and names of three referees, 
should be sent to Dr. C.H. Shaw, De- 
partment of Botany, Science Labor- 
atories, South Road, Durham, DH1 

; 3LE, from whom further particulars 
vac may be obtained. (5610)F 





AFRC INSTITUTE OF 
ANIMAL PHSYIOLOGY 
BABRAHAM 


RESEARCH STUDENTSHIPS 


Applications are invited from final 
year students expecting to graduate 
with a ist or upper 2nd class honours 
science degree or in medicine or 
veterinary medicine for two research 
studentships. One is for research on 
the neural mechanisms underlying 
pulsatile release of pituitary 
hormones under Dr G Leng and the 
other is for work on the differential 
expression of paternal and maternal 
genes in the mouse embryo under Dr 
MAH Surani. 


Successful candidates will be 
registered as research students at 
Cambridge University. 


Please write for Application Forms 
which should be returned. to ‘the 
Director, Dr B A Cross CBE FRS, by. 
12th April 1985. (5583)F 





UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from those 
having or expecting a first or upper 
second class degree for an 
SERC CASE 
STUDENTSHIP 


for three years from October 1985 to | 


work on the molecular. action of 


cholera toxin and antidiarrhoeal drugs 
in gut cells. Eat 


The student will be based in 


Edinburgh, but will spend some weeks | 


each year at the laboratories of Pfizer 
Central Research in Sandwich, Kent. 


The academic supervisor will be Dr 
Simon van Heyningen, from whom 


further details can be obtained atthe 
Department of Biochemistry, Hugh. 


Robson Building, George Square, 
Edinburgh EH8 9XD. °(5572)F 


FOR SALE and WANTED 
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ANTIBODIES 


s urgently wanted by German firm. 
Poly — or monoclonal to human proteins. 
Purchase or co-operation. 
‘Please write to BOX W1656 
c/o NATURE CLASSIFIED, 

4 Little Essex St., London WC2R 3LF. 
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“NOTTINGHAM ` 
DEPARTMENT OF AGRICULTURE | 


AND HORTICULTURE i 
MAFE-CASE 
POSTGRADUATE . | 
STUDENTSHIP IN * | 
MICROPROPAGATION | 


Applications are invited, from 
candidates with or expecting to obtain 
this summer a good honours degree 
in horticulture, botany.or biological 
sciences, for a studentship aot 






research for research leading 
degree.’ The. project. will 
the i 

































Applications, including 
curriculum vitae together, wit 
names of two referees, should 
to Dr P G Alderson, Nottingh 
University School .of “Agriculture; 
Sutton Bonington, Loughborough 
“Leics. LE12 SRD by 15 March 198 
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APPOINTMENTS WANTED 
_ advertise your qualities and qui 
cations. through the most influ 
science. weekly in the world at c 
special reduced cost of 30 cents ¢ 
word: (Personal® Box: Nu 
$10.00). : ae 
Advertisements must be pre-paid an 
sent to: Nature Classified: (App 
“Wtd), 15 East 26 Street, New Yor 
: NY-410010. BEN: 



























_ 0088! Helsinki; Finland, Telex 121949 Labsy sf, not later 


vitae, including the applicants scientific background and 


Synthetic Peptides 

in Biology and — 
Medicine _ 
June 6-8, 1985 
Hotel Aulanko, 


Hämeenlinna, 


Finland 


Labsystems has initiated a series of biannual research 
symposia on molecular biology: The theme of the first meet- 
ing will be "Synthetic Peptides in Biology and Medicine”. 


‘Topics include: 





Protein structure and the basis for peptide synthesis i 
Immunology of synthetic peptides 
_Synthetic peptides in microbiology 
Synthetic peptides in cell biology 
Peptide hormones 

















The proceedings will be published. 

Invited speakers will include F Audibert (France), 

E. Beachey (USA), J. De Larco (USA), R. Eisenman 
(USA), G. Evan (UK), T. Hopp (USA), H: Jornvall 
(Sweden), S. Kent (USA), V. Marchesi (USA), R. Neurath 
(USA), S. Oroszlan (USM; M. van Regenmortel (France), 
E. Ruoslahti (USA), J. Schlessinger (Israel), G: Schild 
(UR), G. Terenghi (UK), L. Terenius (Sweden), G. Walter 
(USA) and E, Wimmer (USA). 

The registration fee is 750 FIM, which will cover 
accommodation and meals. Participants are expected to 
pay their own travel expenses. l 

Applications should be sent to: Organizing Commit- 
tee, Labsystems Research Symposium, P.O. Box 8, 


than March 31, 1985. They should contain a curriculum 


research interests. — 









~The Organizing Committee 
Kari Alitalo, Jorma Keski i-Pekka Lehto, Ale 
Närvänen, Paul Partanen, Ralf P ön, Jukka Suni, Antti 
Vaheri: et aes oe 
(w1621)M 








@ Pierce Chemical Company has issued a 
new brochure entitled “Specialty Lab Pro- 
ducts” covering sample collection, handl- 
ing and storage products. Featured are: 
Tuf-Tainer Teflon vials, Mininert valves, 
Teflon/rubber laminated and Tuf-Bond 
Teflon/silicone disks, Reacti-Vials, screw 
cap septum vials and Hypo-Vials. Also in- 
cluded are specialty glassware products in- 
cluding tilt dispensers, screw cap septum 
volumetric flasks and gas sampling tubes. 
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@ The 1985 Cole-Parmer Plasticware 
catalogue is a 96-page book including a 
. guide to the structure and properties of 
resins, a chart of the chemical resistance of 
plastic resins, and a guide to the use and 
care of plasticware. New items featured in 
the catalogue include a line of autoclavable 
beakers made from Haler, a new fluoro- 
polymer resin resistant to a variety of cor- 
rosive chemicals and organic solvents; a 
low-priced line of autoclavable wash bot- 
tles; a line of polystyrene cabinets that can 
be expanded to fit particular needs and 
which offer four models with different 
drawer configurations; and a second assort- 
ment of the popular KECK clamp kits that 
features three of each of the nine colour- 
coded sizes available in the line. 
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a US distributor for products manufac- | 


tured by Sartorius GmbH, now offers Sar- 
tobran and Sartofluor capsules. The dis- 
posable pleated filter units are ideal for 
small to medium (10-500 litres) filtration. 
The capsules are autoclavable and are 
available in one and two square foot ver- 
sions with pore sizes ranging from 0.2 to 
1.2 micrometres. The hydrophobic Sar- 
tobran capsule has an integrally pleated 
prefilter, cellulose acetate pre-membrane 


Sartorius filters — available from Vangard 
International. 

and cellulose acetate final membrane filter 
in a self contained polypropylene housing. 
It provides serial filtration, heat stability 
and low adsorption and is excellent for 
sterilization of tissue culture media. The 
hydrophobic Sartofluor is widely used as 
a tank vent and sterile air supply filter. 
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The Beckman range of J-6 centifruges. 

@ A new medium-priced centrifuge has 
been added to the Beckman Instruments 
J-6 range, bringing to three the number of 
6,000-r.p.m. refrigerated floor models 
available from the company. The J-6M/E 
features the microprocessor controls of 
Beckman’s top-of-the-line J-6M model, but 
instead of a brushless induction drive, it has 
the d.c. drive of the other instrument in the 
line, the J-6B analog model. The inter- 
mediate M/E model offers such other J-6M 
features as a programmable memory 
capable of storing up to ten programs; 
digital logic for precise speed, time and 
temperature settings; and a choice of ac- 
celeration/deceleration rates. 

Circle No. 120 on Reader Service Card. 





aa Jouan 

@ A new brochure from Jouan, Iné; des: 
cribes the company’s C411 ventilated and 
the CR411 refrigerated digi 
centrifuges. The digital reado 

curate to 10 r.p.m. for: 

for temperature on the refrigel 

The C and CR411 offer hig’ 

and are capable of speeds u 

r.p.m. generating 5,840g. They ar pi 

of handling up to 1.18 litres per runi Inad- 
dition, the C and CR411 offer variable 
braking control to prevent resuspension of 
sensitive separations as a standard feature. 

A full range of rotors and inserts capab 
of handling tubes as small as 250 O- 
litres or bottles as large as 450 millilitres are 
described in the brochure. i 
Circle No. 121 on Reader Sery ce C d: 
@ The 850A television ¿camera is. 
specifically designed for microscopy n 
measurement applications. The 850. : 
vides high resolution with low noise level, 
and a wide selection of imag 
available for a variety of applications. 
Circle No. 122 on Reader Service Car 

@ Ten major sources of fermentation 
equipment failure — and how they. are 
countered in an advanced-design open: 
frame fermentor — are discussed in a new 
brochure from New Brunswick Scientific 
Co. The brochure states that’ gross 
engineering errors are being made today in 
the design of pilot-plant and. industrial: 
fermentors. Among the areas covered are 
air-flow control, shaft seal reli 
control of oxygen concentration aud: Pro: , 
cess sterility. 

Circle No. 123 on Reader Service Card. 

@ A novel two-step cap, the “‘Cap- Lok”, 
is a feature of the new disposable 1:5-ml 
and 0.6-m! microcentrifuge: tubes: fri 
Robbins Scientific. The first step all 
easy, one-hand, non-splash opening, but 
seals tightly enough for spinning and to 
prevent leaking. The second, tighter, Cap- 
Lok step provides the optimum seal-for 
boiling, storing, or shipping: The poly- 
propylene tube is fully autoclavable. 
Circle No. 124 on Reader Service Card. 









































i Aerobic and anaerobic cultures are possible in 
these Bio-Rad culture tubes. 


@ The new 12-mm dual position cap for 
Bio-Rad culture tubes is really two closures 
“-an-one. It provides an overcap which fits 
~ loosely outside the top of the culture tube 
to protect the contents from dust. The sides 
ne id away from the surface of the tube 
_ by vertical ribs, which allow air to enter so 
he tube may be used for aerobic culturing. 
ie cap also contains an internal plug-type 
closure, which only comes into use when 
the cap is pressed tightly in place. When 
this is done the top edge of the tube engages 
a sealing groove in the cap to form an air- 
tight seal, so the tube may be used for an- 
aerobic applications. The internal ribs in 
the. Bio-Rad culture tubes do not abrade, 
- minimizing the risk of contaminating with 
‘shavings’. 
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he Wheaton Omnispense. 


The Wheaton Omnispense is a versatile 
automatic liquid delivery system featuring 
a variable-speed peristaltic pump with re- 
erse flow option for dispensing or aspirat- 
g operations. Two models of the Omni- 
spense are available — one system is com- 
_ plete with a standard size pump head for 
dispensing larger volumes from 0.5 ml to 
840 ml (depending on tubing assembly) and 
=the other is provided with a mini-pump 
-head for accurate delivery of smaller vol- 
umes from 0.25 ml to 20 ml. Both systems 
feature digital volume and speed controls 
which-enable both of these parameters to 
be accurately reproduced. Additional con- 
trols include a choice of manual or auto- 
matic operation, variable delay from 0.5 to 
` § seconds between dispensings (in automa- 
node}, five-digit dose counter with 
reset, and an audible cycle alert which emits 
a signal at the end of each dispensing cycle. 
Circle No.113 on Reader Service Card. 



















Cleansers and disinfectants available through 
Forma. 


@ Anew range of disinfectants for labo- 
ratory cleaning is now being distributed by 
Forma Scientific. Amphyl Spray, O-Syl 
and Roccal II are ideal for general labora- 
tory cleaning and disinfecting. Amphyl 
Spray has been proven effective in tests 
against staphylococci, fungi, coliform and 
many other microorganisms. O-Syl 
combines disinfectant and detergent to 
destroy a wide variety of pathogenic organ- 
isms. Roccal H inhibits alga growth in 
water-jacket incubators in addition to sani- 
tizing lab surfaces. Use of such disinfec- 
tants reduces cross-contamination. Test re- 
sults are available from Forma Scientific. 
Circle No.114 on Reader Service Card. 





Sarstedt disposable cuvettes. 

@ A complete line of precision moulded 
disposable cuvettes with excellent transmis- 
sion characteristics is available from 
Sarstedt, Inc. These cuvettes allow assays 
to be performed directly in cuvettes and eli- 
minate the need for test tubes and transfer 
to glass cuvettes. Included in the line are 
polystyrene and acrylic two- and four-sided 
cuvettes, with and without stoppers; semi- 
micro cuvettes for small samples; and a 
special cuvette for the Leitz Photometer, 
LKB Lumenometer, and other popular in- 
struments. Cuvettes are offered in poly- 
styrene, usable to 340m and acrylic for use 
down to 280nm. Colour-coded stoppers are 
also offered. Light paths are Icm. 
Circle No.115 on Reader Service Card. 





DNA synthesis by Cruachem 


A PHOTOGRAPH of the new Cruachem 
system capable of four parallel DNA syn- 
theses was incorrectly captioned asa DNA 
‘separator’ on page 509 of the 7 February 
issue of Nature. For full details of 
Cruachem’s range of DNA synthesizers 
circle number 116. 












SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 
Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single 
control handie under low or high power 












magni i 

A varied range available. All simple to operate. 
SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, Somerset. 
Tel: Washford (0984) 40226/325 
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99 + % PURE 
MPMA 
4-0-METHYLPHORBOL 12-MYRISTATE 


IS-ACETATE 
Cat. #M2550 .... Sing /$65" 
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Copies of articles §& 
from this publication | 
are now available 


from the UMI Article 
Clearinghouse. 











Yes! I would like to know more about UMI Article Clear- 

inghouse. tam interested in electronic 

roenn through the following systemis): 

3 DIALOG) Dialorder CITT Dialcom 

nTyme TIOCLE ILL Subsystem 

LJ Other (please specify) 

am interested in sending my order by mail 

‘7 Please send me your current catalog and user instruc- 
tions for the systemés} I checked above. 






































Name. 
Title. 














Institution’ Company. 












Department. 
Addres: 
City 













Phone ( 


UM arti 


ciato shouse 


Mail to: University Microfilms International 
300 North Zeeb Road, Box 91 Ann Arbor, MI 48106 














40-10 is the Optomax 


biotechnology image 
analyser which uses the 
latest microprocessor 
technology to measure 


inhibition zones, count BIOTECHNOLOGY 
colonies, fluorescing 

bacteria, cells, auto s IMAGE 
radiograph grains, nuclear -o ANALYSER 


tracks, spiral plates and 
viral plaques. 







40-10 performs 
chemotaxis assays on 
thick or thin membranes, 
measures areas and 
intercepts and prints your 
results, 


40-10 


MICROPROCESSOR. 
TECHNOLOGY 
FROM 


Optomax inc 
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OT 
NEW PREP R 
For Large Volum a 
This Prep Rotor bridges oe 
between rotary evapore 
and lyophilization in on Lh | 
instrument. a 








A Preparative Rotor has been developed to accommo- accept an initial charge of 250mi, which may be re- 
date the needs of individuals interested in concentrating peated to achieve volume reduction of solutions larger 
large volumes of aqueous and organic solvent based than 250ml. 

- Solutions both alone and in combination. Concentration 
>of sample proceeds in exactly the same ¢eliable ‘‘no- 
< Bump” manner exemplified by the current Speed Vac 
<- methodology and accepted so widely throughout the 

., Scientific community. 


. The Prep Rotor is fitted with a disposable maided virgin 
polypropylene insert finer in which the sample is actu- 
ally concentrated for ease of handling. This rotor will 












You will be surprised at the low cost of interfacing the 
Prep Rotor with your existing Speed Vac system. You 
may prefer to install this as a dedicated system. 















White or call for facts. 


| : — avant Savant Instruments, Inc. x 


Speed Vac is a tegistered trademark and patented by Savant Instruments, inc 110-103 Bi-Coun ty Bivd, Farmingdale, NY 11735 (516) 249-4600 ie 
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The fastest way 
to reach  ~— 
your customers 


Circle No.29 on Reader Service Card. 


13th International Congress and Exhibition of 
Biochemistry from 26-30 August 1985 


This announcement is an open 
invitation to all potential 
exhibitors of instruments, 
vessels, systems and 
equipment to participate in this 
exhibition. We expect to 
welcome 4.500 biochemists 
from all over the world, 
representing together one of 
the world's fastest growing 
markets. The exhibition will 
comprise of the following: 


- biochemical and 
biophysical instruments 

— biochemicals 

~- biochemical literature 

~ didactic material 

~ computer systems for 
biochemistry 

~ films for radiography and 
fluorography 

- laboratory equipment and 
furniture. 


The above exhibition will be 
located in the same hall(s) asa 
daily exhibition of 750 - 1000 
posters. This will ensure the 
maximum opportunity for 
scientific participants and 
exhibitors to meet. 


If you are involved in this field 
and don't want to miss the 
chance of reaching your 
potential customers during this 
major triennial event, please 
do not hesitate to contact mr. 
J.H. van den Berg of the 

RAI Gebouw bv by phone 

(020 - 5 411 411) or in writing. 


International exhibition of instruments, books, equipment 
and material of interest to biochemistry 


26-30 August 1985 


RAI Gebouw bv 


Europaplein, 1078 GZ Amsterdam 


The Netherlands 
Telephone 020 - 5411411 
Telex 12443 


London Office: 

162 Regent Street 
London WIR 7FD 
Great Britain 
Telephone 01-437 2175 








"CSIRO 
AUSTRALIA 
RESEARCH FELLOW 
$A25,342 — $A37,274 


DIVISION OF PROTEIN 
CHEMISTRY 


PARKVILLE VIC 


FIELD: Molecular Biology/ Genetic Engineering. 

; GENERAL; The Division of Protein Chemistry, with a staff of 118; 
nducts scientific research on the structure and function of proteins 
and: their production via biotechnology and synthetic routes. The 
pointee will be a member of a program which has 14 professional 
ientists of whom 10 work in the recombinant DNA area. The Division 
is very well equipped and has excellent facilities for recombinant DNA 
“research. Located in Parkville, the Division is situated in a major 
biomedical research area and there is excellent potential for 
_-gollaboration with scientists from both within and outside CSIRO. 
“This position is funded by a three year grant from the National 
Biotechnology Program awarded to this Division and the CSIRO 
| Division. of Animal Health to develop a subunit vaccine against 
infectious Bursal Disease Virus (IBDV) by recombinant DNA tech- 
ques; The appointees will join a research team in this Division involved 
the cloning and expression of IBDV antigens. 

UTIES: In collaboration with Drs Ahmed Azad, Peter Hudson and 
two-other Molecular Biologists (to be appointed), the appointee will 
undertake research into the production of different IBDV antigens in 
č ‘yeast and bacteria using genetic engineering techniques. The research 
will involve construction, modification and characterization of novel 
-recombinant DNA products. 
* QUALIFICATIONS: A PhD degree or equivalent qualifications in a 
¿relevant field and demonstrated research ability. Post-doctoral 
experience with recombinant DNA techniques is essential. Research 
-c experience in the construction and manipulation of expression vectors 
and/or yeast molecular genetics would be an added advantage. 
TENURE: A term of 3 years with Australian Government super- 
annuation benefits available. 
APPLICATIONS: Stating relevant personal particulars, including 
“details of qualifications and experience, the names of at least two 
professional referees and quoting reference No. M8455, should be 
directed to: 
+The Acting Chief 
: CSIRO. Division of Protein Chemistry 
R 











































































y 4 weeks from date of publication 


i CSIROIS AN EQUAL OPPORTUNITY EMPLOYER {W1664)A 








_POST-DOCTORAL RESEARCH ASSOCIATE 


: RESEARCH TECHNICIAN 


: Post- doctoral research associate and research technician posi- 
“tions are available within the Molecular Biology Division to work 
on control of gene expression in fungi. 
Allelix Inc. is inviting applications for the above-described posi- 
tions. Post-doctoral candidates should have a Ph.D. degree and 
-cexperience in DNA technology or gene expression. 
interested. candidates are asked to send complete 
résumés including references and quoting file number 


oe | 0073 to: 


Dr. R. W. Davies 


_ Allelix. 


6850 Goreway Drive 

“Mississauga, Ontario 
L4V 1P1 Canada 

: eee (NW1514)A 





a invites appi lications for the post of 


DIRECTOR. 


} il become available in August. 1985 
e present holder takes up appointme 
Director of The Public Health Laboratory Service. 


The Institute is responsible for the control of biologica 
substances used in human medicine, and foru 
preparation of national and international biologi 
standards. These activities depend on the institute’ 
research programme. The Institute is a major WHO 
International Laboratory for Biological Standards, = 


The Director is head of the Institute's 250. staff. 
including 55 in scientific grades. The responsibilities ¢ 
the post include the co-ordination and planning of the 
scientific work of standardisation, control and research 
and liaison with the Health Departments, World Healt! 
Organization, British and European Pharmoco| 
Commissions, Medical Research Council and ot! 
organisations. The Institute has eight scientific. 
departments (Antibiotics / Chemistry, Bacterial. 
Products, Blood Products, Hormones, Immunology, 
Standards Processing, Statistics, Viral Products). 


The Institute will move to new, purpose-built: 
laboratories now under construction near ‘Sout 
Mimms, Hertfordshire, which are expected to 
completed in August 1986. 


The Board is looking for an applicant with appropriat 
medical or scientific qualifications, who. ha 
demonstrated outstanding ability in a relevant field 
and who will give the scientific and administrativi 
leadership required to maintain and further. t 
ee and international work and reputation off 
nstitute, 


Salary: £36,500 per annum. Terms and conditions o 
service are comparable with those of the. Me 
Research Council. Further information can be obtaines 
from the present Director. 


Applications with full details, including the names [e 
two or more referees to whom the Board may ref 
should be sent marked ‘Confidential’ to. the 
Chairman, National Biological Standards Board, 
Holly Hili, Hampstead, 
London NW/3 6RB 

(Telephone 01-435 2232]. 


Closing Date 1 Ith April 1985. 




























































































National institute for Biological Standards and Control 
(S627)A 





PUBLIC HEALTH LABORATORY SERVICE BOAR 


CENTRAL PUBLIC HEALTH LABORATORY. 
DIVISION OF HOSPITAL INFECTION 


SENIOR MEDICAL LABORATO 
SCIENTIFIC OFFICER 


Applications are invited from suitably qualified state registered. L 
for the above post. 
The successful candidate will work for the newly established A 
Reference Laboratory and some experience in this field. woul 
advantage. 
Further details can be obtained from Professor E. Mary Cook Direct 
(205 7041 ext 214). 
National Health Service terms and conditions. of s 
apply. Salary scale £7,197 — £9,507 plus £623 London Weightin 
Application forms are available from the Personnel Offic 
Central Public Health Laboratory. ae 






























specialist groups and the public and dealing with enquiries. 


and casting; rock cutting and polishing; and rock and mineral separation. 


ppointment according to qualifications and experience. 


An equal opportunity employer 





sIOCHEMIST — CONNECTIVE TISSUE 
MRC DENTAL RESEARCH UNIT 
ONDON HOSPITAL MEDICAL COLLEGE 


Turner Street, London E1 2AD 


w Medical Research Council Dental Research Unit is being formed 
London Hospital Medical College to study Human Periodontal 
es. Applicants should be Biochemists with a background in 
tive tissues and immediately post doctoral or of equivalent 
he team is studying correlations between clinical disease and 
tory: measurements and will consist of an_Immunologist, a 
ist; a Pathologist, a Microbiologist and a Cell Biologist, with 
chnical support. There is also a Unit Biostatistican and a 
lontolagist. 
hemist will be responsible for the investigation of clinical 
sof periodontal tissues to provide both quantative and 
tive biochemical analyses of connective tissue components. 
will collaborate with other scientists in the Unit and elsewhere 
jate the tissue breakdown products in infammatory exudates, 
ite. the pathogenic mechanisms involved in Periodontal 
~ There will be tissue culture of monocytic and lymphoid cells 
hasis-on the microbial stimulation of cytokine production and 
añce to connective tissue turnover. The laboratory is well 
d with HPLC, and a range of modern electrophoretic and 
atograpnic uipment. Further details can be obtained from the 
y irector, Prof. Newell Johnson or the Senior Scientist, Dr 
ark Wilto 






































non 01-247-0939, The appointment will be for three years 
e salary will be at the appropriate point on the scale £7,520 to 
205 plus London Weighting of £1,233. (5603) A 






UNIVERSITY OF GUELPH 


epartment of Animal and Poultry Science and Food Science, 
ersity of Guelph, are seeking applicants for a professor/ 
iate: professor/assistant professor (teaching/research/ 
nsion) in meat science and growth and metabolism, tenure-track 
n 
‘individual: will-have the responsibility of teaching diploma and 
dergraduate courses in meat science. An opportunity exists to 
pa graduate course that is commensurate with his/her research 
‘ogram.. The individual will be expected to develop an outstanding 
search program in poultry meat and have a research interest in the 
of poultry products (eggs}. The individual must be able to inter- 
With both the production and processing sectors of the poultry 
dustry: 
lifications include: A PhD in a discipline of Animal and Poultry 
lence or food science; working knowledge of poultry slaughter, 
ading and. processing for retail sale is desirable. An ability to 
jicate effectively and work harmoniously is expected. 
nship is not a factor for consideration. 


pplications will be accepted until April 30, 1985. Applications 
üld include a complete résumé, transcripts and a list of four 

ferences. Send to: 

Dr: R. R. Hacker, Chairman 

Department of Animal & Poultry Science 

University of Guelph 

Guelph, Ontario, Canada N1G 2W1 

Position subject to final budgetary approval. 
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Royal Scottish Museum— 
Edinburgh Geology Department — 


Curator — 


x.. this Isan opportunity to be involved In the day-to-day running of the laboratories and providing 
chnical support for the work of the department, Work will also include demonstrating techniques to 





Candidates must have practical geological experience and should normally have a relevant degree, diploma, 
hnical certificate or an equivalent qualification. Those without such qualifications may be considered if 

ey have significant experience of special value. They must be able to work in a wide range of techniques, 

including thin section and polished mount preparation; conservation and preparation of specimens; moulding 


_ Salary: As Curator Grade E, £8065~-£10,725, as Curator Grade F, £6015~£8490. Starting salary and level of 





For further details and an application form (to be returned by 22 March 1985) write to The Scottish Office, 
_ Personnel Division, Room 110, 16 Waterloo Place, Edinburgh EHI 3DN. Please quote ref: G(7)382. 










QUEEN'S UNIVERSITY 
Department of Microbiology 
and immunology 
Applications are invited for a 
tenure track teaching and 
research position of Assistant 
Professor, We seek a candidate 
with research interests in 
molecular aspects of virology and 
experience in recombinant DNA 
technology. A Ph.D. or M.D. 
degree with at least two years of 
post-doctoral experience is 
required. In accordance with 
Canadian immigration require- 
ments, this advertisement is 
directed to Canadian citizens and 
permanent residents. Candidates 
of both sexes are equally 
encouraged to apply. 
Applicants should submit 
curriculum vitae and names of 
three referees to: Dr. R.B. 




























| sity, P.O. Box 1892, Houston, 


Th logy of 
Duke University- anticipates 
period of growth and reorganisa 
tion during the next four years, As | 
part of this process we expect tof 
add at least four faculty positions. | 
We now invite applications 
two junior tenure-track positions | 
in the general areas of learning io 
and memory, and cognition, | 
broadly defined. We seek ap- |. 
plicants dedicated to scientific. 
research, and also interested in 
teaching bright undergraduates. 
Excellence in research jis our 
primary criterion. Send: a com 
prehensive CV, representative | 
reprints/preprints, and the names 
of at least three referees to Dr: J. 
E. R. Staddon, Chairman, Depart- 
ment of Psychology, Duke Univer- 
sity, Durham, NC 27706. ; 
Duke is an Equal Opportunity / Af- 
firmative Action Employer. pii 
Application deadline: April 30,4 
7985. INW1516)A 









































BIOCHEMISTRY 
FACULTY POSITION 


RICE UNIVERSITY | 


The Department of Biochemistry |- 
at Rice University invites |). 
applications for a faculty position |: 
at the level of assistant professor, qo 
Clear distinction in creative | - 
research and education are |: 
essential requirements. 
Preference will be ‘shown to 
candidates in the fields of 
molecular and cellular biology, «| 
however applications are: 
encouraged from all outstanding i: 
candidates irrespective of their |. 
fields of interest. Send résumé,’ | 
a brief outline of future 
research plans, and the names 
of three references to J. S. 
Olson, Chairman, Department 
of Biochemistry, Rice Univer- 



























Texas 77251. Aice University is i. 
an Equal Opportunity/Affir- 

mative Action Employer.. ; 
(NWI1509)A 


Stewart, Department of 
Microbiology and tmmuno- 
logy. Queen's University, 
Kingston, Ontario, Canada. 
K7L3N6. (NW1529)A 

































THE ARABIAN GULF UNIVERSITY 


The Arabian Gulf University (Regional University, 
supported and supervised by seven Arabian Gulf 
States) invites applications for the post of 


Senior Teaching Position 
in the following areas: biology, chemistry, physics, 
mathematics, computer science and teaching 
English as a foreign language. 
















Preference will be given to applicants with 
knowledge of Arabic and administrative ex- 
perience. Language of instruction is English. 
Last day for applying is April 15, 1985. 


Send application to: 

Office of the President, 
(Committee of Premed Program), 
The Arabian Gulf University, 

P.O. Box 26671, Adlya — 
State of Bahrain, 

Telex: 7319 AGU BN 
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SS 
E UNIVERSITY 
OF CALGARY 


— — 





i Research Positions 
in Biology 


The University of Caigary, Department of 
Biology invites applications from highly 
‘qualified researchers in areas of medically- 
‘related research, specifically gene expres- 
“sion.in prokaryotes /lower eukaryotes, fer- 
“mentation biotechnology and animal func- 
“tional morphology. Selected applicants will 
| be nominated for support as research 
scientists under the programs of the Alberta 
Heritage Foundation for Medical Research 
for up to five years. Remuneration will be 
based on salary scales at the University 
and will depend on the academic rank to 
which successful candidates are appoint- 
ed; normally this isin the Assistant 
Professor. range, Establishment Grants are 
available from the Foundation, 


| Appointees will be expected to devote at 


7 o teast 75% of their time to research although 


limited teaching duties and participation in 


“Departmental affairs will be required. 


o All qualified individuals are encouraged to 
‘apply but preference will be given to Cana- 
dian citizens and permanent residents. 


Biochemical/Molecular | 
Parasitologists = 


The newly created Biochemical Parasitology group of the Merck 


«Sharp & Dohme Research Laboratories, Division of MERCK & CO. 


inc., has several open positions for experienced biochemists and 
molecular biologists with strong interests in parasitological 
researc 


The incumbents are expected to establish quality basic researc | 
programs aimed at identifying novel approaches to the control of 
parasitic infection, panicuiany related to veterinary medicine. The 
candidates should have interests in participating in the followin 
research areas: mechanisms of neurotransmission in helminths 
and arthropods; characterization of cell-surface molecules affect- 
ing host-parasite interactions; and identification of unique 
biochemical targets for chemotherapeutic attack. 


The successful candidates must have at least two years of post 
doctoral research experience in biochemistry and molecular 
biology, a strong interest in applying their skills to probl ems of 
parasitic infection, and a desire to participate in an inter 
disciplinary approach to drug discovery. 


Salary, benefits and growth potential are excellent. Those | 
terested in becoming candidates to jo jo! in a highly success-oriented 
group, please send resume to Mr. Lou Ballester, MERCK & CO., 
Inc., PO. Box 2000, Rahway, New Jersey, 07065. An Equal Employ: 
ment Opportunity Employer. 


interested applicants should forward their 
curriculum vitae before March 31, 1985 to: 


The Chairman, Scholarship and 
Fellowship Review Committee, 
Department of Biology, 
University of Calgary, 
232800 University Drive N.W., 
: Galgery. Alberta, Canada T2N 1N4 
(NW1512)A 


AMGUEDDFA GENEDLAETHOL CYMRU 
< — NATIONAL MUSEUM OF WALES 


KEEPERSHIP OF BOTANY 


Applications are invited for the Keepership of the Department of 
-Botany at the National Museum of Wales. The minimum quali- 
‘fication. of a degree in any field of Botany should be 


i accompanied by administrative/research/interpretative 


experience relevant to Museum collections. 
& Salary scale £17,255 - £21,500. 

: Contributory pension rights under the Museum Pension 
Sch 


“ul her particulars may be obtained form the Secretary, 
National Museum of Wales, Cathays Park, Cardiff, CF1 
\ whom applications (2 copies) should be 
s bmitt d not later than MONDAY, 1 APRIL barter 
jA 


DEPARTMENT OF BIOLOGY 


The Department of Biology at Dalhousie University has a vacancy for a 


“iP tenure track appointment at the Assistant Professor rank in Molecular 


Biology. The successful applicant will be able to teach molecular 
biology, along with one of cell biology, developmental biology, micro- 
biology or molecular evolution at both the undergraduate and graduate 
-Jevels, establish a. strong “independent research programme and 
supervise graduate students. Excellent opportunities exist for 
= collaborative research in the areas outlined under teaching. The 

- position is effective 1 July 1985.or as soon thereafter as the successful 
candidate is able to take up the appointment. 


; Applications consisting of a C.V., list of publications and three 
letters of reference should be sent to reach Dr. B. K. Hail, 
‘Chairperson, Department of Biology, Dalhousie University, 
lalifax, Nova Scotia, Canada B3H 4J1 by March 30, 1985. 
ordance with Canadian Immigration requirements, priority will be 
_ to. Canadian citizens and permanent residents of Canada. 
_ Dalhousie has a policy of affirmative action with respect to employment 
of women, (NW1525)A 


MERCK & CO., INC. 


Post-doctoral Fello | 
in 
Molecular Biolog) 


NSW STATE 
CANCER COUNCIL 


Applications are invited for the position of post-docto 
fellow within the Research Laboratories. in the Ni 
South Wales Cancer. Council’s Oncology Rese 
Centre. The Centre, located within the grounds of th 
Prince of Wales Hospital, is committed to a study 
control of gene expression in breast cancer. > 

We have a vacancy for a post-doctoral fellow with 
interest in molecular biology. Applicants. must:hold 
PhD, preferably in biochemistry and microbiology, a 
be experienced in recombinant DNA techniques. 

The post, available immediately, carries an annua 
stipend of A$29,826. The appointment is for a minimu 
of two years and consideration will be given to assista 
with the costs involved in relocation to Sydney. 


Applications with curriculum vitae and the name: 
of three referees should be sent to: 


Dr A.R. Nash, l 
N.S.W. State Cancer Council, 
Oncology Research Centre, 
Prince of Wales Hospital, 
Randwick, N.S.W. 2031, AUSTRA 
Closing date: 29th March, 1985. 





datermational 


RESEARCH OFFICER/ 
SENIOR RESEARCH OFFICER 
BIOTECHNOLOGY 


k Research International Limited is an expanding biomedical 
laboratory undertaking studies in a wide range of pharma- 
: Is and-other products for UK and-overseas clients. 


ve Vacancy now exists in our Biotechnology Operations in 
elburgh. The main duties of this appointment will involve 
nce with the development of techniques for the analysis and 
in of proteins relating to a variety of research projects in 
“engineering, human and mouse monocional antibody 
pment, as well as the design of immunoassay systems. 

dates. for this appointment should have at least a degree in 
emistry or Chemistry and post graduate experience in protein 
ication and analysis. A great deal of the work will be concerned 
FPLC and affinity chromatography purification and immobilisation 
zyme systems. An interest in developing expertise in protein 
ring would be advantageous. 

for-this appointment will be on the lower end of either Scale 
to: £10,485. p.a. or £9,975 to £11,862 p.a. In addition the 
y offers modern staff benefit schemes, including free BUPA 
ship, and pleasant working conditions in a rural setting close to 



















































etails į in writing should be forwarded, as soon as possible, 

è Personnel Department, Inveresk Research International 

ed, Inveresk Gate, Musselburgh, EH21 7UB, oe 
ice 2698. 5585) A 










CSIRO 


AUSTRALIA 


ESEARCH SCIENTIST/SENIOR 
RESEARCH SCIENTIST 


$A25,342 — $A37,274 


DIVISION OF HORTICULTURAL 
RESEARCH 


DARWIN NT 
















Dy Floral Biology. 
“NERAL: The aim of the Division’s research is the improvement of 
ody perennial horticultural crops in Australia. These include a range 
jeciduous and evergreen species. Emphasis is placed upon the 
lopment of new techniques for the selection and breeding of 
ed plant types and on understanding the complex interaction 
‘een plant performance and the environment. 


MES: As a member of a small group, the appointee will undertake 
ch into the floral biology of horticultural crop species. Research 
concentrate on flowering, pollination and fruit development in a 
je of crops, with emphasis on the mango and the cashew. The 
action between plant performance and the environment is an 
portant aspect-of the work, and a range of tropical locations is 
cessible from the Darwin laboratories. The appointee will spend an 
tial period at the Divisional Headquarters in Adelaide to receive 
llarisation with the Division's work in floral biology. 


AFICATIONS: A PhD degree or equivalent qualificationsin plant 
iology plus demonstrated research ability. Experience in floral 
logy or structural botany would be an advantage. 


URE: Indefinite with Australian Government superannuation 
nefits available. 


x Consideration could be given to the appointment of an 
tanding applicant at a higher level. 


ition was previously advertised: latein 1984. 


CATIONS: Stating relevant personal particulars, including 
tails of qualifications. and experience, the names of at least two 
professional: referees. and quoting reference No. A2986, should be 
irected ton 

e Chief, CSIRO Division of Horticultural Research, GPO Box 
350, ADELAIDE SA 5001, AUSTRALIA. 
By 4 weeks from date of publication. : 
CSIRGIS AN EQUAL OPPORTUNITY EMPLOYER 









































{W1659A 





POSTDOCTORAL 
POSITIONS 


The Microbiology Department of The New Jersey Medical Schoo! 
is accepting applications for several research associate positions 
the general area of Molecular Virology (Molecular Genetics of 
Polyomaviruses, adenovirus early region 1A and 1B functions) and. 
mammalian and human genetics (cellular transformation “of 
oncogenes). Candidates should have a Doctoral Degree. tor 
completed thesis requirements) in Molecular Biology /Biochernistry 
in addition, knowledge and experience in molecular genet 
recombinant DNA Technology, protein biochemistry and tran: 
and expression of genes in mammalian cells is preferred. Attractis 
salaries commensurate with capabilities and experience. Th 
Department of Microbiology has nine vigorous, well-funded young . 
groups with research interests in the area of Molecular Genetics and. 
offers an outstanding academic environment. Our location (8 miles 
from Downtown Manhattan) permits easy access by public 
transportation, or by car to NYC and a variety of attractive suburbs 
within a 3-10 mile range. Please send curriculum vitae and names. : 
and telephone numbers of three references to: Dr. Giampiero di. 
Mayorca, Professor and Chairperson, Department of 
Microbiology, MSB, F-607 UMDNJ-New Jersey Medical 
School, 100 Bergen Street, Newark, New Jersey 07103. An 
Equal Opportunity Affirmative Action Employer. m/f/h/v. 
(NW1496)A * 


University | of Medicine 




































and I Dentistry 





of New Jersey 






National Blood Transfusion Service 


BLOOD GROUP REFERENCE LABORATORY 
OXFORD 


Principal Scientific Officer | 


The Blood Group Reference Laboratory is a central laboratory 

for the National Blood Transfusion Service and is. base 
in modern pleasant surroundings in the Radcliffe infirmary in : 
central Oxford. To 


The Blood Group Reference Laboratory is establishing a small 
research group to develop a reference facility for the biochemical 
analysis of blood group variants, to undertake research into the 
nature, structure and function of blood group antigens, to in= § 
vestigate the genetic basis of blood group polymorphisms, and- $ 
to act in support of the general aims of the laboratory. 


A Principal Scientific Officer is required to supervise the research 
group on a day to day basis. The group will come:under the 
general direction of Dr. David Anstee who is a visiting Consul- 
tant to the Laboratory. 
This is a challenging post and the group will be expanded f 
as appropriate in order to support these developments. ideally, f 
applicants will have a background in membrane chemistry... 
with experience in blood group antigens. T 
Further information may be obtained from Dr. A. M. 
Holburn on Oxford 727212 
Please telephone for an app! cation i form or write to: ; 

Miss K. Lomas. 

Biood Group. R 

Harkness Building - 

Radcliffe infirmary. 

Woodstock Road 

Oxford OX2 6HE 

Ref: PSO/207 


CENTRAL BLOOD LABORATORIES AUTHORITY 











we 
_ OBSERVATORY 
CASTEL GANDOLFO, 
= ROME 
Vatican Observatory seeks 
to hirea 


RESEARCH 
STRONOMER 


junior-level position in the 


-} research area-of polarimetry of 


stars and extragalactic objects at 
optical and infrared wavelengths. 
| Special. consideration will be 
| given to those with experience in 
| -computer simulations for the 
1 étation_of polarimetric 
ions. The equivalent of 

rican doctorate and a 

rd of published research in 

the area specified covering a two- 
¿year period. are required. The 
-candidate will be expected to 
“work: at> the observatory $ 
0, 


| The appointment, to begin. as 
early as 1 September 1985, is for 
“one year with the prospect of re- 
“ newal, but it is not a tenure-track 
type of appointment.: Salary will 
be competitive with comparable 
salaries in Italy for professionals 
at the same level. 
pplications, which will be con- 
dered without reference to race, 
creed; national origin, sex or 
physical handicap, should include 
a Curriculum Vitae, a list of 
publications and the names of 
two referees, who should be re- 
quested to send supporting lett- 
ers directly to the address below. 
he deadline for applications 
1 June 1985 and they should 
ddressed to: Dr. George V. 
e, $.J:, Director, Specola 
aticana, V-00120 Citta’ del 
aticano, Vatican City State. 
i (W1655)A 


BERLIN-DAHLEM 
pport, 1—2 post- 
i {2 — 3 year 


T regulation in ribosome synthesis. 
Applicants should 


“| The positions carry a tax-free 
dof at least DM 2400 per 


Month {higher with post-doctoral ] 
experience) and. are available |: 


A from this Summer. 


Please: apply with CV and. 


ames of two referees to Dr 


Berlin 33, Federal Re- 
-|-public of Germany, ~ 
es (WHE70)A 


Appl have f 
experience in DNA sequencing. 





KAONA 





Research Post fora 


PHYSIOLOGIST 


Horsham, West Sussex 


A new position has arisen in the Pharmaceuticals Division of CIBA-GEIGY =- 
PLC for a physiologist to help the research effort in the Biology section ofthe — 


Research Department based in Horsham, West Sussex. 
Prime responsibilities will cover studying the effects and modulation. of 


calcium in cardiovascular tissue and working on systems aimed at 


designing new therapies. 


This job would suit a person holding a first degree or MSc in physi » with a 
ina 


experience of cardiovascular research work or someone with a Ph 
relevant aspect of physiology. Ideally aged middle to late 20's, applicants 
must be able to demonstrate the personality and maturity of outlook and 
approach to contribute to the work of a multi-disciplinary research group. 


An attractive starting salary is supplemented by a range of fringe benefits 


and conditions of employment which one would expect of a major. 


international employer. 


To help us assess your suitability for this post, please send in a letter of 2 


application together with a c.v. to:— 


Ken Gilliver, Employee Resource Manager, Ciba-Geigy 
Pharmaceuticals, Wimblehurst Road, Horsham, West Sussex. 


(S622)A° > 


CIBA—GEIGY . 




















Medicinal Chemistry at Searle 


PhD Chemist 


G.D. Searle is a major International 
Pharmaceutical Company whose 
Research and Development Division 
at High Wycombe has several 
exciting programmes in the field of 
chemically and biologically derived 
products. 

We are seeking to recruit a young 
PhD Chemist with preferably post- 
doctoral experience, gained within 
the industrial environment, for a key 
position in one of our major researcti 
areas. Candidates should have 
demonstrated their expertise for 
synthetic chemistry and be clearly 


= -self-motivated and creative. 


The department is served by f 
excellent support functions including 
a computer assisted drug design 


section and analytical facilities and is 
currently engaged in remodelling the 
laboratory. areas to a high standard. 
The com eny offers excellent ee 
salaries, 23 days holiday, contributory 
pension fund, health insurance 
scheme, subsidised cafeteria, 
recreation club and pleasant offices - 
in an attractive location. 

Please apply to Rod Cook, 
Assistant Personnel Manager, 
Searle Research and 
Development, Lane End Road, 
High yombe, Bucks. (Tel: H 
Wycombe 21124, ext. 3254). Pi 
quote reference BIOT. = f 


(5626A S f 


A ies 





; NATIONAL INSTITUTE FOR HIGHER EDUCATION DUBLIN 


Applications are invited for: 


Lectureships in the School 


of Biological Sciences 


The School is primarily responsible for the Institute's B.Sc. 
degree in Biotechnology and has well equipped teaching and 
“research laboratories and pilot plant facilities for microbiology, 
biochemistry and process engineering. There are 25 
full-time researchers at the Institute engaged in applied and 
industrial research in various aspects of Biotechnolgy. 


> Candidates should be well qualified academically and have 
xperience in one of the following areas: 


Process Engineering 
. Process Biochemistry/Biochemical Engineering 
Food Technology 
Fermentation Technology 
Microbiology 
Protein Chemistry/Enzymology 
DNA Biochemistry/Eukaryotic Cell Biology 


Salary Scale: Lecturer: £14,142 - 18,807 
Assistant Lecturer: £10,980 - 13,548 


Application forms and further information are available from 
the Personnel: Office, National institute for Higher Education, 


lesnievin, Dublin 9. Closing date: 29 March 1985. (5615)A 





: ihe Goverment of Malawi requires a Tea Biochemist to work in the 
Tea Research Foundation (TRF) of Central Africa. 
‘The officer will work with other professional TRF officers and 
Technical Staff on Laboratory Research into Tea Biochemistry 
_ associated with the factory processing of tea, devising of new 
‘processes and modifications to machines. 
He/she will continue research work already under way on 
investigation of biochemical changes during the drying process which 
affect tea quality, supervision of staff involved in the production of _ 


pH modification during tea fermentation with 
àrd to quality improvement and product keeping quality. 
In conjunction with the tea engineer to further refine improvements to 
‘ commercial fluid bed drying systems and development of a continuous 


A plicants should be British Citizens who are suitably qualified 
aduates in Bi 


"Tange £12,600-£15,825, in accordance with qualifications and experience, 
including an element in lieu of superannuation which will be abated if 
ODA is able to continue payment into the candidate's existing scheme. 

_ A variable tax free Fi Service Allowance currently in the range 

~£2206-£4216 is also 


passages, free accommodation and medical attention. 
_ For full details and application form please apply, quoting ref 
AH310/CB/N giving details. of ponds qualifications and experience to: 
Appointments Officer, Overseas De t Administration, 
os Room 31, Abercrombie | Howe Eaglesham Road, EAST KILBRIDE, 
: out SB SEA. 


(WI676)A 





Mona, Jamaica 


LECTURER/ ASSISTANT 
LECTURER IN PHYSICS 


Preference will be given to applicants 
with experience in one of the follow- 
ing areas: Experimental Astronomy; 
Atmospheric Dynamics; Thin Films; 
Energy Studies. Teaching experience 
in Electronics will also be an asset. 
Duties to be assumed by October I, 
1985, or as soon as possible thereafter. 


Salary scales (under review): Lec- 
turer J$23,688 x 768 — 28,296 (bar) 
x 825 — 33,246, Assistant Lecturer 
J$20,379 x 717 ~ 21,813. 


Up to five full economy class 
passages plus baggage allowance up 
to US$900 on appointment and nor- 
mal termination. Special allowance up 
to US$300 for shipment of academic 
books and teaching/research equip- 
ment on appointment. Unfurnished 
accommodation at 10% of pen- 
sionable salary or housing allowance 
of 20% of pensionable salary. UWI 
contribution of equivalent of 10% of 
salary of Superannuation Scheme 
Subsidized Health Service. Annual 
Book Grant. Annual Study and 
Travel Grant for self, spouse and 
three children. Transportation 
allowance to persons who own and 
operate a motor vehicle. 


Detailed applications (three 
copies) giving full particulars of 
qualifications and experience, date of 
birth, marital status, and the names 
and addresses of three referees should 
be sent as soon as possible to the 
Registrar, University of the West 
Indies, Mona, Kingston 7, Jamaica. 


Applicants in the U.K. should also 
send one copy to the Assistant 
Secretary General (Appointments), 
Association of Commonwealth 
Universities, 36 Gordon Square, 
London WCIH OPF. Further details 
obtainable from either source. 

(WI667)A 





CHARING CROSS AND 
WESTMINSTER MEDICAL 
SCHOOL 
(University of London) 
DEPARTMENT OF MEDICAL 
ONCOLOGY 


Applications are invited from 
BIOLOGISTS/BIOCHEMISTS 


preferably post-doctoral with 
experience in monoclonal antibody 
production, for this Cancer Research 
Campaign-supported post. The 
Department’s activities focus on the 
use of tumour markets to detect and. 
monitor various forms of cancer and 
in using antibodies to localise disease 
sites and to direct therapy. The 
person appointed is expected to have 
charge of a team producing MABs. 


Salary negotiable within range 
£8,753 - £13,383 p.a; inclusive. 


Applications to the Secretary, 
Charing. Cross. and» Westminster 
Medical School, The Reynolds 
Building; St Dunstan’s Road, 
London, W6 SRP, to be submitted 
within three weeks of the appearance 
of this advertisement. 5599A 











‘Southampton 


ya JA THE 
í 3) UNIVERSITY 
SEZ: 


School of Biochemical and f 
Physiological Sciences _ 
PROFESSOR OF : 

PHYSIOLOGY : 
Applications are invited for the 
Chair or Physiology within the f 
Physiology and armacology. 
Professorial Group. Candidates 
may be graduates in science or in 
medicine. 

Further details may. be obtain- 
ed from the Secretary and 
Registar, The university. ; 
Southampton SO9 SNH, tof 
whom applications {12 copies 
from persons in the: UK} 
should be sent bafore 2% Aprili 
1985. ca) ; 


UNIVERSITY OF 


OXFORD 
READERSHIP 


IN GEODESY 
The electors intend to proceed 
to an election with effect from 
1 October 1985 to the) 
Readership in Goedesy which is © 
at present vacant. The stipend”) 
of the reader will be on a scale 
which is at present £14,135 4 
£17,705 per annum. A fellowshi 
at St. Cross College may be 
available to the person elected. 
Applications (ten copies, or one 
from overseas candidate). 
naming three referees but 
without testimonials, should be. | . 
received not later than 18 March |: 
1985 by the Registrar, University: 
Offices, Wellington Square; 
Oxford, OX1 2JD, from whom 
further particulars may be 
obtained. (5557) A 





FACULTY POSITION- 
ASSISTANT PROFESSOR 


Data Processing Fac 
School of. Veterinary Me icine at 
Louisiana State University. Salary 
commensurate. with academic 
training and experience, Qualifica- | 
tions include -D.V.M. “or com- 
arable biomedical degree and $ 
Ph. D. with emphasis in biomedi- 
cal gintetice and computing, or 
Ph.D. in biomedical statistics with 
3 to.5 years experience in biomedi- 
cal statistical and.computing sup- 
ort and. consultation. Responsi- 
bilities for the Data Processing 
Facility include school-wide com- 
puting and data consultation tof 
administrators and faculty-scien- F 
tists and participate in research 
programs; and Feet icipate in 
of pro tonal andi 


| be 


vanced Studies,” School of 
Veterinary Medicine, Louisiana 
State University and A & M 
College, Baton Rouge, La. 
70803-5606. Louisiana State 
University is an Equal Qpportuni 
ty Affirmative Arnon 1 epee 





EPARTMENT OF 
JOCHEMISTRY 


IREE POSTDOCTORAL 
RESEARCH POSITIONS 
Available to carry out 

research on: — 


identification, isolation of cell 
ceptors and studies on mecha- 
nof action of a group of bac- 
terial. toxins with insecticidal 
tivity: Effect of site directed 
utagenesis on toxin specificity 
ind potency: PhD in biochem- 
tey, microbiology or molecular 
ogy preferred. The post is 
inded for up to three years. 
‘Salary within the range £7,520 to 
450, depending on age and ex- 
perience. Ref Mo 1. 


2): Molecular biology of de- 
elopmentally controlled proteins 
‘sporulating Bacilli. The project 
ill involve (a) cloning, sequenc- 
ig and analysis of the role of pro- 
ters and other control ele- 
‘ments in regulating the timing 
nd. level of expression of these 
enes: during sporulation. (b) 
ter-species transfer of these 
jenes into heterologous prokary- 


$ otes and eukaryotes. PhD in bio- 


chemistry, microbiology, genet- 
-dcs or. molecular biology pre- 


4 ferred, The post is funded for up 


to three years: Salary within the 
ange £7,520 to £8,450 depending 
ge and experience. Ref Mo 2. 
Biochemistry and molecular 
iology of Penicillin binding pro- 
ins. (PBP’s) during bacterial 
morphogenesis. The project in- 
volves, studies of (a) the role of 
individual PBP’s in determining 
cell wall shape and septum posi- 


te directed mutagenesis, and (b) 
determining the locali- 


q sip DA or related subject 
4 preferred: The post is funded for 
: roximately 18 months in the 

Salary within the 


Fy oF 


Biocher stry with a minimum of | 


: ars. experience in: protein. 
chemistry, with emphasis in 
: ective tissue biochemistry; 
nsible for the development 

for the reconstitution 

ilage and bone inductive 

ith suitable carriers, A 

in- physical- 

is. essential. 


: 865, Sacramento. CA 
95804, not later than March 15, 
{-1985.E0E. (NW1524)4. 





JAMAHIRIYA 


THE HIGHER INSTITUTE OF TECHNOLOGY, 2 


BRACK LIBYA 


This is a well established Institute whose aim is to 
produce well-qualified graduates and establish 
research mainly in areas which will contribute to local 
and national industry. They are looking for 
experienced candidates with drive and initiative, who 
possess at least an MSc and preferably a PhD in 
relevant disciplines, to develop and conduct courses. 
Applicants will be preferred who, in addition to 
possessing a strong academic background, have 
gained some industrial experience. 


Professors and Lecturers 
The main fields of interest are as follows: 


I. Medical Laboratory Technology 
Department 

Teaching and technical staff in: 

Microbiology, clinical chemistry, biochemistry, 
heamotology, histology, parasitology, 
anatomy/physiology, medical instrumentation and 
biostatistics. 


H. Environmental Studies 
Department 


Teaching and technical staff in: 

Civil/environmental engineering (for water, solid 
waste, appropriate technology etc.}, analytical 
chemistry, microbiology, ecology, biological 
chemistry, industrial chemistry, statistics, water/- 
environmental technology. 


ill. Food Technology Department 
Teaching and technical staff in: 

Food analysis/quality control chemistry, 
microbiology, biochemistry, meat technology, dairy 
technology, cereal technology, food technology in 
thermal processing, good development technology. 
Engineers and Technicians also required: 

1) Maintenance Engineer (with knowledge of 
electrical plant). 

2) Boiler House Technician. 

3) Food Technology Technician. 


IV. General Sciences Department 
Teaching and technical staff in: 

General chemistry, organic chemistry, physics, 
botany, zoology, mathematics, general 
microbiology. 

Experienced teachers of English as a foreign language 
also required. 





BIOCHEMICAL AND 


V. Clinic 


The Institute clinic which provides medical servic 
for staff and students requires the following staff: 

1} A suitably qualified experienced medical doct 

2) An experienced RN staff nurse. 


VI. Campus School 


Primary school teachers with A level/Teac 
Training Certificate qualifications are required for 
campus primary school which provides teach 
children of the staff. 


FOLLOWS: 

PROFESSORS: 

ASSOCIATE PROFESSORS: 

ASSISTANT PROFESSORS: 

LECTURERS: 

ASSISTANT LECTURERS: LD ê, 400 —. 7 


Technical, Clinical and School staff pay“ 
depends upon qualifications and experience. 


Salaries are paid in Libyan dinars and are.on: 
increment scale. The point of entry depends on 1 
candidate’s qualifications, experience and level o 
appointment offered. In addition to this successf 
candidates will receive the following benefits 


1. Free passage to and from the place 
recruitment for self and family up to a maximum 
four children under 18 years of age. 

2. Baggage. allowance for transportation | 
personal effects up to 25% of air charges. 

3. The Institute’ provides fully furnished. 
conditioned accommodation within the campus. 

4. Air tickets for annual leave are provided for sel 
and family as mentioned above. 

5. Free medical service for staff member and family 
6. On termination teaching staff members: wil 
receive a gratuity of two months pay for eae! 
completed year of service after the first two years a 
three months pay for the third and subsequent year, 
of service payable at the end of the contract. 


Applications in. writing please, enclosin: 
curriculum vitae and names and addresses o 
two referees, and daytime telephone. nu 
to: Mr M. Sanussi, Higher Institui 
Technology, PO Box 68, Brack, Al Shati, L 


Closing date for receipt of applications 30t 
1985, (W1 


INDIANA UNIVERSITY, BLOOMINGTON 





GENETIC TOXICOLOGY 


For research program in carcino- 
enesis and molucular biology. 
linical and laboratory dimen- 

sions. PhD level with relevant ex- 

perience. Excellent working 
conditions. Available immediat- 
ely. Send curriculum vitae and 
salary requirements to: 
Preventive Medicine 
Institute/ Strang Clinic 
55 East 34th Street 
New York, N.Y. 10016 
Attention: Dr. 
Daniel G. Miller 
{1527A 


= Applications receiv 


Plant Growth and Development 
Fall. 1986 


Applications are invited for a tenure-track position at the. lave 
Assistant Professor in the Department of Biology to begin in Augu 

. Weare seeking an individual with a background in plant sci ; 
who is using moecular approaches for the analysis of plant growth and 
development. The successful applicant will be expected to teach both 
graduate and undergraduate students and maintain.a strong research 
program. 


Submit a curriculum vitae, summary: of Pest and present research, a 


statement of research objectives, a set o publications, and have three 
letters of reference sent to Plant Sciences Search Committee. 
Department of Biology. Indiana: Universi „Booming ton, IN 47405. 
before March 15, 1985 will | be assu 
consideration. Applications. from minorities and wom: 
especially welcome. . (NW 152 





















: hend of yen for 
Air Pollutant Toxicology 


The GSF is a national research centre with 1500 em- 
ployees, funded by the Federal Republic of Germany and 
the State of Bavaria. As a centre for environmental 
ciences we intend to intensify our activities in the field 
of “ecological and health effects of air pollutants”. A new 

yartment of Air Pollutant Toxicology is being estab- 
hed within the Institute of Toxicology and Biochemistry. 


The head of department will have a position and salary 
jivalent to that of a full professor. 


plications are invited from suitably qualified scientists 
perienced in inhalation toxicology, familiar with 
odern biochemical and biophysical methods and es- 
pecially interested in studying the mechanisms of action 
of inhaled air pollutants. 


personal and institutional association with the Faculty 
of Medicine within the field of “Environmental Hygiene” 
‘the Technische Universität Munchen is being consi- 
red. 

andidates should submit a letter of application not later 
April 30, 1985 to the Scientific Director Prof. Dr. 













Gesellschaft fiir 
Strahlen- und Umweltforschung 
München 


Ingolstädter Landstraße 1 
D-8042 Neuherberg 
Federal Republic of Germany 









d ra :Roeham pton Prec 
Institute whitelpects 


: Courses offered by the Institute lead to first and higher 
egrees of the University of Surrey and to other awards. The 
nstitute seeks to make the following appointment with effect 
from 1 September. 


LECTURESHIP IN 
ENVIRONMENTAL SCIENCE 


entist required to teach. widely over the field of 
Nnvironmental science. Applicants should have a particular 
terest in aquatic biology to teach, at final year undergraduate 
vel, courses leading to degrees of the University of Surrey. 
The appointee would also be expected to be active in research. 
cants must hold a degree in a biological science. A higher 
legree, experience in a wider area of environmental/field 
dor the ability to assist with professional teaching in 
ntal science would be additional qualifications. 
ry (LU/SL) £7,548 — £14,061, plus London Allowance 
£1,038, per annum. 
\pplication forms and further particulars may be 
obtained by writing to: R A Fennell, Assistant Secretary, 
‘Roehampton Institute of Higher Education, Digby Stuart 
; College, Roehampton Lane, London SW15 5PH. Closing 
date for applications: Wednesday 985. 


he: Roehampton Institute is an equal opportunity. 
Roel, wet a (5604A > 


employer. 





(W1668)A 











MOLECULAR GRAPHICS 


To head an interdisciplinary unit, 
and to provide a focal point for the 
Schools of Biochemistry, Chemistry, 
Pharmacy and Pharmacology and 
Mathematics (Computing Group). 
Current relevant interests include: 


a. The chemical regulation of bio- 
logical mechanisms, including drug 
design. 

b. Organic reaction mechanisms. 
c. Theoretical chemistry and the 
prediction and simulation of inor- 
ganic stucture. 

d. Surface science, catalysis and the 
dynamics of molecular reactions. 














Computational facilities and 
display systems will be provided. 
High-field NMR spectroscopy (400 
MHz) will be a complementary 
technique for potential programmes 
in biological organic chemistry. 










Applications are invited from 
candidates with an appropriate 
background in molecular graphics, 
or with the potential ability to 
develop the computational aspects. 






The appointment will be made on 
the Lecturer scale (currently £7,520 
— £14,925) with point of entry de- 
pendent upon qualifications and 
experience. 







Informal contact may be made 
with Professor M M Campbell, 
School ofg Chemistry (0225-61244 
Ext 565). 


Further particulars and 
application forms obtainable from 
the Personnel Officer, University of 
Bath, Bath BA2 7AY, quoting 
reference 85/29. 


Closing date for applications: 29th 
March 1985. 











(S597)A 











AGRICULTURAL AND 
FOOD RESEARCH COUNCIL 


Three Year Appointment 


POST-DOCTORAL 
RESEARCH ASSOCIATE 


A post-doctoral research associate is 
sought to join a group investigating 
the aetiology and control of calf 
respiratory disease. The appointee 
will investigate the potential of 
monoclonal antibodies as prophy- 
lactic and therapeutic agents against 
respiratory disease. 

























Qualifications: PhD in immuno- 
logy or virology with experience in 
the production and characterisation 
of monoclonal antibodies. 








Appointment will be to Higher 
Scientific Officer grade, salary scale 
£7,435 - £10,039 pa depending on 
qualification and experience. Non- 
contributory pension scheme. 














The Institute is set in pleasant rural 
surroundings. There are canteen and 
recreational facilities. 






The AFRC is an equal oppor- 
tunities employer. =- 


Application forms from: 
Secretary, Institute for Research on 
Animal Diseases, Compton, 
Newbury. RGI6 ONN quoting ref: 

566. (S89A 












ed applications. from boi 1 
and women. for. the followi g 
position: 


SENIOR TEACHING 









INORGANIC CHEMISTRY - 
(Ref: T1762) 


to participate in both the teaching 
and research work in the Department 
of Physical and Inorganic Chemistry. 


Teaching duties of the appointee 
will involve, among others, süper- 
vision of first year lavoratories which 
are equipped with a extensive audio- 
visual teaching system. Accordingly, 
experience with the use and product- 
ion of audio-visual programmes 
would be an advantage. 


In general about half of the 
appointee’s time will be available for 
research. It would be an advantage if 
the appointee could join one of the 
established research groups in the 
Department but applicants with. al- 
ternative research interests will also 
be considered. 


The position is available for-up to 
three years and is superannuable. 


Further. information about the 
specific duties of the position, the 
research interests of staff and the 
facilities available within the Depart- 
ment may be obtained from Dr T. 
Kurucsev, Chairman of the 
Department, telephone (08) 228 
5508. 





















Further invormation about the 
general conditions of. all 
appointments may be obtained from 
the Senior Assistant Registrar 
(Personnel) at the University. > 

Salary per annum: $A21, ális = 
$A24,528. i 

Applications, in duplicate, quoting 
reference number T1762, and giving 
full particulars (including whether 
they hold Australian permanent 
residency status), details of academic. 
qualifications and names. and 
addresses of three referees, should 
reach the Senior Assistant Registrar 
(Personnel). at the Universi f 
Adelaide, GPO. Box 498. A 
South Australia 5001 (telex UNIVAD. 
AA89141) not later than 29 March 
1985. 


The University reserves the right to 
make enquiries of any person regard- 
ing any candidates suitability for 
appointment, not to make an 
appointment or to appoint by 
invitation. (WI674)A 









MOLECULAR BIOLOGIST 


Research associate/ postdoctoral: 
position available immediately at. 
Weizmann Institute, Israel, for an. 
individual to study expression of 
gene products in pathogenic 
amoeba. A candidate with pre- 
vious experience in recombinant 
DNA technology is desired... 
A stipend ‘of £15,000/vear, ‘air. 
fare and housing will be available. 
Applicants should submita. 
curriculim vitae and have: three 
letters: of recommendation. sent: 
tor 

Dr. David Mireiman, 

Weizmann Insitute of 

Science 
Rehovoth, Israel. 4 
(WI6721A. | 























DEPARTMENT OF VETERINARY 































a PATHOLOGY = ee Fa 2. E. oe 
JANNAH RESEARCH INSTITUTE LECTURESHIP IN CHEMIST/ B IOC HEM IS 
: PATHOLOGY The Lord Rank Research Centre at 


Synchrotron 
_ Radiation Research 


_ POST-DOCTORAL 


Applications are invited for the post 
of lecturer in pathology. The Depart- 
ment has wide ranging research and 
teaching interests in all aspects of 
Pathology (immunology, micro- 
biology and morphological 
pathology) and has good facilities 
and research expertise for the study 
of animal disease. 


The person appointed will be 
expected to develop their own 
research programme in the molecular 
or cellular aspects of animal disease, 
to share in the teaching of Pathology 
to third year veterinary under- 
graduates and to contribute to 
diagnostic services in Pathology. 
There are good. opportunities for 
post-graduate training leading to a 
higher degree (PhD, MRC Path) if 
this has not already been obtained. 
Possession of a veterinary qualifi- 
cation would be an advantage but is 
not essential and applications will be 
considered from non-veterinary 
qualified individuals who have a 
major interest or research training 
(minimum 2-3 years) in Pathology. 
‘emical methods but previous ex- $: The salary scale is £7,520 - £14,925 
rience in the use of x-ray techniques | but initial appointment will not 
not essential. This: research post will | exceded point 7 on the Lecturers’ 
: supported for 3 years by the AFRC | scale (£10,330) with Ist October 1985 


High Wycombe 
is the central research and development organisation of the Rank 
Hovis McDougall Group of Campanies, whose activities include millin 
baking and the manufacture and distribution of a wide range of food 
products. 
An opportunity exists for a protein chemist/biochemist to join an activ 
research team in the Biomolecular Sciences section. The successf 
candidate will rapidly assume responsibility for the leadership 
investigations into the function of proteins in wheat-based fooi 
He/she will be expected to seek opportunities for commer 
applications of their research, and to develop an understanding 
particular, of the industrial processing and production of wheat prore 
(gluten). 
Candidates should provide evidence of productive research involv 
proteins. Experience in physi¢o-material aspects of protein resea 
would be an advantage. Encouragement will be given to publish nor 
confidential work, and for collaborative research with uriiversity 7 
public research laboratories. 

An attractive salary will be offered dependent upon qualifications an 
experience. Conditions of employment are as expected in’ maj 
organisation. a 
Please apply sending a CV and quoting reference 169 to: 
Personnel Administration, 
RHM Research Limited, 
The Lord Rank Research Centre, 

Lincoln Road, High Wycombe, Bucks, HP12 3QR. 

Tel: HW 26191. (5612A. 





































ASSISTANTSHIP 


joctoral research assistant is 
to study structural changes 
calcium phosphate-phosphoprotein 
ymplexes with the object of 
iderstanding calcification processes 
‘biological fluids. A substantial part 
“the work involved the preparation 
id chemical analysis of samples at 
e Hannah ‘Research. Institute with 
rC Holt: 

Phases will be characterised by 
XAFS spectroscopy at the Syn- 
irotron Radiation. | Source, 
y Laboratory with. Dr S- $ 
by the x-ray powder dif- 


i rsity with Dr D W L Hukins. 


The ideal candidate will have a 
ickground i in protein chemistry. and 
‘familiar with the use of physico- 


















































1 oe standard university salary | as the next incremental date. 
ale 
For haribo details contact Dr D W. 
ukins, Department of Medical 
iophysics, University of Manchester, 
lanchester, M13 9PT. (5566)A 















AGRICULTURAL AND | 
00D ESEARCH COUNCIL 


‘Year Appointment 


r person is sought to carry out 
‘search to determine the distribution 
id precise function. in various 
almonella serotypes. of. a plasmid 
ce that appears to play a 
in virulence. The 
ll work as part of a small 
igating the molecular 




















Lae honours degree in 
Biology, Biochemistry or 
robiology and PhD in Molecular 
netics, Genetic Manipulation or | 
folecular Microbilogy. ; 


Appointment will be to Higher 
tlentific Officer grade, salary scale 
35. - £10,039 pa ‘depending. on 
ications and experience. Non- 
butory pension scheme. . 


The stitute is set in pleasant rural 
irroundings. ‘There are canteen and 
ional faciliti 

















Cis an equal oppor- 
ployer. 


ation..forms from: 
itute-for Research on 
i Diseases, Compton, 
lewbury- RGI6 ONN quoting ref: 
65. IRA 














Further particulars can be 


obtained from Professor | 
McConnell, Department of Veterin- 
ary Pathology, Royal (Dick) School 
of Veterinary Studies, Summerhall, 


Edinburgh EH9 1QH (Tel 031-667 
1011 ext 5322). Six copies of the 


application with names of 3 referees 


should be submitted to the Secretary 


to the University, Old College, South 


Bridge, Edinburgh. Closing date for 


applications is 5th April, 1985. Over- 
seas applicants should register an 
interest by this date with applications 


to fallow. 


Please quote reference no 1168. 
(S582)A 


UNIVERSITY OF LONDON, 
GOLDSMITHS’ COLLEGE 


School of Science and 
Mathematics 


DEPARTMENT OF EARTH 
SCIENCES 


TEMPORARY LECTURER IN 
GEOLOGY 
(6 months appointment) 


Applications are invited for the post 
of Lecturer in geology specialising in 
Paleontology and: Stratigraphy. The 
post, which is temporary, is for the 6 
month period Ist April — 30th 
September 1985 and includes super- 
vision of field courses. 


The Salary. will be on the scale 
£8,586 x 12 increments to £14,166 pa 
inclusive of London Allowance. 


Write for further: details to the 
Senior Assistant. Registrar 
(Personnel), University of London, 
Goldsmiths’ College, New Cross, 
London SE14 6NW. Closing date for 
the receipt of completed applications 
15th March 1985. G61DA 























RIEME 


RANKS HOVIS McDOUGALL PLC 












MEPEBOJL WKH! 


FOR RUSSIAN-ENGLISH 
SCIENTIFIC AND TECHNICAL 
TRANSLATIONS 









You can follow the latest Soviet research in 
your field, and supplement your income, “by 
translating in your home on a free-lance basis. If 
you have a good command of English, a good 
knowledge of Russian, and experience or aca- 
demic training in a scientific or technical 
discipline, you may be qualified for our transla 
tion program. Immediate openings are available 
in chemistry, biology, medicine, physics, math- 
ematics, materials science, and biomedical 
environmental, and. chemical engineering, as 
well as other fields. 


For additional information write: 









oe eo 


Translations Editor 
Vo: _ Plenum Publishing Corporation __ 
-233 Spring Street, New York, N Y. = 1001 3, USA 
































































l AUSTRAL A o of | DEPA IMENT OF MICROBIOLOG" 
RESEARCH FELLOW l MICROBIAL GENETICIST CIENCI 
$A25,342 — $A31,270 a cer ee oe 
DIVI SI o N OF PLANT l N D U STRY of host/vector systems in the National 

CANBERRA ACT 


Collections of Industrial & Marine 
FIELD: Population Biology of Host-Pathogen Relationships. 


Bacteria. Applicants. should have 
thorough grounding inthe theory and 
methodology of microbial genetics, 
; preferably with experience in the 
-CSIRO conducts scientific and technological research in laboratories isolation and characterization of 
ocated troughout Australia and employs about 7,500 staff, of whom bacterial plasmids. : 
some 2,900 are professional scientists. The Organization’s research i . a g 
activities are grouped into five Institutes: Animal and Food Sciences, Appointment will be with im- 
“Biological: Resources, Energy and Earth Resources, industrial 
chnology and Physical Sciences. The CSIRO Division of Plant 
ndustry is a member of the Institute of Biological Resources. 


mediate effect and will be for two 
years in the first instance. 
i Salary within range £6,600 — 
NERAL: The CSIRO Division of Plant Industry conducts research £8,920 per annum on the range 1A or 
on problems fundamental to plant biology and agricultural production. 1B Scale for Research and Analogous 
ne research program is concerned with an understanding of the role of Staff with placement according to 
disease in non-agricultural plant communities, the interaction between 
these and agricultural communities with respect to plant patheogenic 
‘organisms and the identification of mechanisms of disease resistance. 


experience. 
DUTIES: To undertake research on ecological, genetical and 
pathological aspects of the interaction between native and introducted 
“plant species and various pathogens of ecological and agricultural 
importance. The aim of these studies is to determine the extent of the 
“regulatory role of pathogens on the size and genetic structure of non- 
x agricultural plant populations, 
QUALIFICATIONS: A PhD degree or equivalent qualifications in an 
appropriate field, with research experience in. relevant aspects of 
ology, genetics of plant pathology. Experience and interests in more 
none. of these fields would be advantageous. 
RE: A term of 3 years with Australian Government 
uation benefits available. 
APP CATIONS: Stating relevant personal particulars, including 
etails of qualifications and experience, the names of at least two 
fessional referees and quoting reference No. A6286, should be 








































effective from Ist pene i 1985 i r 
soon:as possible thereafter. 


Salary will be at an appropri: 
point on the Lecturer’s salary sca 
£7,520 — £14,925 per annk 
according to age, qualification a 
experience. 
























Further particulars may be obtain 
from the Senior Assistant Regist: 
(Establishments) (FP), the Universi 
6 Kensington Terrace, Newcas 
upon Tyne, NEI 7RU, with whe 
applications (3 copies) together wi 
the names and addresses of thi 
referees should be lodged not la 
than 29th March 1985, 


Please quote reference N. 
(5576 













Further particulars and application 
forms from The Secretary, The 
University, Aberdeen, with whom 
applications (2 copies) should be 
lodged by 22nd March 1985. 
(5569)A 











































LUDWIG INSTITUTE FOR UNIVERSITY OF OXFORE 
CANCER RESEARCH DEPARTMENT OF AGRICULTURA 


h SCIENCE 
MRC Centre, Cambridge RESEARCH ASSISTANT 
Applications are invited for a 


Applications are invited. fro 
POSTDOCTORAL POSITION | persons with a PhD or comparal 
to work with Dr P J Farrell. The 


research experience to develop 
appointment will be for three years | Stochastic model of the convecti 
commencing late 1985 to work on the 


transport of solutes, especially 
molecular biology of Epstein-Barr | tate, through soil. Inquiries fre 
virus. 


applied mathematicians, physici: 
and engineers. interested. in fic 
through porous media will be w 
comed. The post, on Research Ass 
tant scale 1A, is funded by the AFF 
for 3 years from 1 April 1985. 


Applications, with curriculu 
vitae and the names of two referet 
should be sent as soon as possible 
Dr R E White, Department of Ag 
cultural Science, Parks. Roa 
Oxford, OX! 3PF, from who 
further particulars can be o! i 






















IRO oao of Plant Industry 
GPO:Box 1600 


USTRALIA 2601 
By 4 weeks from date of publication 
_CSIROIS ANEQUAL OPPORTUNITY EMPLOYER 












Applicants with previous 
experience in molecular biology or 
virology will be preferred. Salary and 
conditions are similar to MRC scales. 


Applications including CV and the 
names of two referees should be sent 
to: The Administrator, Ludwig 
Institute for Cancer Research, MRC 
Centre, Hills Road, Cambridge CB22QH. 
(5503)A 


















(W1663)A 




















EDICAT RESEARCH UNIVERSITY OF 
COUNCIL CAMBRIDGE 


| jtute f 
tal hoes CAVENDISH LABORATORY 


LABORATORY OF GENE 

































DEPARTMENT OF PHYSICS 





































































STRUCTURE AND 
~ EXPRESSION RESEARCH TECHNICIAN OTRON NEW YORK UNIVERSITY 
iina iti SCHOOL OF MEDICINE 
valilablein thetaboratoryof Gene | | 1 $$ wished to appoint a laboratory | Tenovus Research Laboratory || gepaRTMeNT OF BIOCHEMISTRY 
vatiable in the A iced bo ior technician to a project on cooperation HEMIS 
aa alaitar o iadol two f | With GEC and funded by the Govern- A POSTDOCTORAL POSTDOCTORAL . 
Sins the first- inetanca < The ma oea information technology RESEARCH WORKER POSITION 4 ‘ 


rk will be related to the ex- 
ession of ‘major histocompat- 
ity. genes. One post is for a 
lecular biological approach 
o problems (Ref: GSE/9/V). 

@ salaries will be in the range 
£8,920 — £10,720 per annum plus 
‘London allowance, with 
perannuation provision. 
pplications, together with 
| curriculum vitae, research ex- 
perience and interests and the 
ames of two professional 
eferees should be sent to the 
Director, National Institute 
‘or Medical Research, The 
Ridgeway, Mill Hill, London 
E NW7 1AA before 29th March 
1985, quoting the reference 
numbers above. The success- 
ful candidates will be 
-$ expected to start not later 
-E than Ist June 1985. (5616)A 


is needed to join a team studying 
immunochemical aspects of 
lymphoma, including the therapeutic 
use of antibody and antibody deriva- 
tives. Laboratory equipment includes 
monoclonal antibody, automated 
chromatography and flow cytometry 
facilities. Salary on University IA 
scale for research staff, currently 
£7,520 — £12,150 per annum. 
Appointment for three. years in the 
first instance, commencing 1 October 
1985. Enquiries to: Professor G T 
Stevenson at the Lymphoma 
Research Unit, Tenovus -Research 
Laboratory, Southampton General 
Hospital (0703 777222 — ext 3451). 
Applications to include full CV and 
the names, addresses and telephone 
numbers of two referees should be 
sent to- A J Small, Staffing Depart- 
ment, The University, Southampton, 
SO9 SNH. Please quote Ref: 
AJS/85/13/N, (5607)A 


Postdoctoral position in Molecula 
Biology available beginning 
September 1985 for research: or 
the molecular genetics of mam 
malian cytoskeletal genes, in 
cluding those encoding: tubulin: 
and the microtubule associatet 
proteins (MAPS). While direct ex: 
perience of DNA handling techni 
que is not an essential. préere 
quisite, candidates should have 
sound scientific background anc 
an enthusiasm for a molecular ap. 

proach to biological problems 
Send curriculum vitae: and: the 
Names and addresses of three 
referees to: Dr. N. J. Cowan 
Department of Biochemistry, NYL 
Medical Center, 550 First Avenue, 
New York, NY10016. An Affir- 
mative Action/ Equal Opportunity 


Employer M/F. : 
(NWIBIT)A : 






The work involves assisting in the 
construction of new instruments and 
the day-to-day running of a specialis- 
ed surface science vacuum system. 
The successful applicant will have 
considerable experience of workshop 
practice, preferably related to a high 
vacuum or similar systems. Ex- 
perience with the use and maintenance 
of ultra-high vacuum systems would 
be an advantage. 


Salary will be on a scale appropriate 
to qualifications and experience. The 
post will be available from 1 April 
1985 for three years in the first 
instance. 















































Applications, enclosing a full c.v. 
and names of two referees, should be 
addressed to The Secretary; Depart- 
ment of Physics, Madingley Road, 
Cambridge CB3 OHE. 


















(5565)A 








DEPARTMENT OF PHYSICS 
z CTURER IN PHYSICS 


pplications are invited for a Lec- 
ireship in the Department of 
hysics. Applicants should preferably 
ave research interests related to those 
ready existing in the department, 
amely theoretical and experimental 
ylid state. physics, theoretical plasma 
hysics, non-linear physics, quantum 
techanical’ and group theoretical 
\ethods; cosmic ray physics and 
strophysics (theoretical and ex- 
erimental), and ionospheric physics. 





‘Annual: salary (superannuable) is on 
a H-point scale: HK$148,080 — 
47,560 (approx. £17,020 — £28, 460; 
erling equivalent as at February 8, 
385). Starting salary will depend on 
ualifications and experience. 


At current rates, salaries tax will 
ot exceed 17% of gross income 
lousing benefits at a rental of 712% 
salary, children’s: education 
flowanices, leave and medical benefits 
fe provided, 


Further particulars and application 
rms may be obtained from the 
ecretary General, Association of 
lommonwealth Universities (Appts), 
6 Gordon Square, London WCIH 
PF, or from the Appointments Unit, 
ecretary’s Office, | University of 
long Kong, Hong Kong. 


| losing date 29th March 1985. 
; (W1666)A 












“UNIVERSITY OF 
-CAMBRIDGE 

PROFESSORSHIP OF 

PHYSIOLOGY 


plications: invited for the above 
‘hair tenable from 1 October 1986. 


Present pensionable stipend 
20,995 plus £1,985 for headship: of 









Alisttions ao copies) marked 
Confidential’ should be sent to the 
ecretary General of the Faculties, 
rom whom further information may, 
č obtained, at the General Board: 






‘Names of two referees may 

e submitted if desired. 

“Closing date: 1 April 1985. 
ae (5579)A 


_ UNIVERSITY OF 
. ABERDEEN 


DEPARTMENT OF BIO-MEDICAL 
PHYSICS AND BIO-ENGI NEERING 


LECTURESHIP | 


\pplications are invited for the post 
f Lecturerin Electronic Engineering 
ipplied to Medicine to join team in: 
itive Department of international 
enown to. design, build and teach 
nodern. micro-electronic systems. 


Salary on Lecturer Scale: £7,520 — 
514,925, per annum, with appropriate 
slacing, according to qualification 
ind experience. 





‘urther particulars and application 
ftom. The Secretary, The 
Aberdeen, with whom 
appli s (2. copies) should be 
“odged by 22 March 1985. 

(5568)A 














ce ., The Old Schools; Cambridge, © 








“SYDNEY 
DEPARTMENT OF BIOCHEMISTRY 
LECTURESHIP 
Reference No 7/01 


Duties will consist of teaching and re- 
search. The Department teaches Bio- 
chemistry to students in the following 
courses: Dentistry, Medicine, 
Science, Pharmacy and Veterinary 
Science. Applications are invited 
from persons suitably qualified in 
Biochemistry: 

Appointments to Lectureships are 
capable of leading to tenure but are 
usually probationary for three years. 


Salary range: $424,840 — $32,634 
per annum. 


Applications, quoting reference 
no, including curriculum vitae, list of 
publications and the names and 
addresses of three referees, to the 
Registrat, University of Sydney, 
ee 2006, Australia, by 22 March 

5 


The University reserves the right 


‘not to proceed with any appointment 


for financial or other reasons. 


Further general information avail- 
able from Association of Common- 
wealth Universities. (Appts), 36 
Gordon Square, London WCIH 
OPF. (WI675)A 


UNIVERSITY OF READING 


DEPARTMENT OF AGRICULTURAL 
& HORTICULTURE 


RESEARCH FELLOW 


required immediately in the Sub-De- 
partment of Horticulture to work on 
the action of chemical plant growth 
regulators on the growth and physiol- 
ogy of crop plants. The post is for a 
fixed term until 31 July 1987. Candi- 
dates should hold a PhD degree and 
have research experience in plant 


| physiology and/or plant biochemis- 


try. Interests in carbon assimilation 
and.carbon economy would be an ad- 
vantage. Starting salary up to £8,920 
pa. Apply quoting Ref. R8A for 


application form to Personnel 
Office, 
| Whiteknights PO Box 217, Reading 
~RG62AH. 


University of Reading. 


(S605)A 


UNIVERSITY OF GLASGOW 
(Royal Infirmary) 
DEPARTMENT OF BACTERIOLOGY 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for the above 
post which is. funded: for two years. 
The project. involves a study of 
plasmid interactions in clinical isolates 
of enterobacteria, many of which har- 
bour multiple indegenous plasmids. 


Salary will beat an appropriate 
point on Range 1A, RAS salary scale 
up to £8,920 according to age, 
qualifications and experience. 


Applications, including a CV, and 
names and addresses of 3 referees 
should be sent to Dr D J Platt, 
Department of Bacteriology, Royal 
Infirmary, Castle Street, Glasgow 
G4 OSF by 15th March, 1985. 

(SSTI)A 


TECHNOLOGISTS __ 
REQUIRED FOR MULTI _ 
DISCIPLINARY PROJECTS 


Opportunities are now available with Cambridge Life Sciences ple for : 
biological, chemical or physical scientists in its expanding programm 
of biosensor and immunoassay developments. 


Biosensors: 

1. A Senior Scientist : 
Who should probably be of Ph.D standing, or ota wit 
a minimum of 2-3 years industrial experience. The candidate wil 
be expected to lead a team developing electrochemical device: 
for biological detection, and will probably have a background: 
in physical or electrochemistry. A knowledge of biochemistry an 
electronics be an advantage. 

A Project Scientist 

Who should be either of Ph.D standing or graduate with 2-3 yea 
industrial experience to become part of a team developing the 
above described systems. This candidate should have: 
biochemical or related background. 

A Development Scientist 

To work with:a team involved in biosensor devices which are 
in an advanced stage of development. This candidate will be’ 
of similar background of the project scientist although polyme 
scientists. with the relevant experience will be considered. 
Two Research: Assistant. Positions : 
Will be available from October 1985, to assist in the technolog 
transfer of novel biosensor systems from University collaborator: 
The candidates will be recently qualified Ph.Ds or post doct 
workers with knowledge of immobilised enzymes or enzymology 
although organic chemists with the right background will be 
considered. ; 

Immunoassay: 

1. A Group Leader i 
Who shouid have a Ph.D ina relevant discipline, with industri 
experience of the product development and transfer to manuf: 
turing of immunoassay kits. Experience in ELISA or agglutin 
tion technologies would be particularly relevant. ; 
CLS offer excellent facilities in a pleasant and stimulating è 
vironment with generous remuneration package according 
age and experience. 


Please send full C.V. and any other relevant information t to: 
Dr. D. J. Anderton 
Cambridge Life Sciences plc, 
Cambridge Science Park, 
Milton Road, 
Cambridge. 
CB4 4BH. 
Telephone No. Cambridge (0223) 354144 





RESEARCH 
ASSOCIATE 


Positions available (post doc- 
torate) immediately and for 1 
July 1985 for PhD's with experi- 
ence in cellular and molecular i im- 


neuroimmunology, 
genetic, cellular, and molecular 


mechanisms of murine and human} 
demyelinating and degenerative} 


diseases. Address inquiries to: 


Dr. Robert L. Knobler, Depart- 
ment of Neurology, Thomas 
Jefferson Medical College, 
1025 Walnut Street, 
Philadelphia, Pa. 
telephone 215-928-7195. An 
Equal Opportunity Employer. 
(NW1513)A 


19107; | 


AQUATIC 
ZOOLOGIST/BIOLOGIS 


Requires a minimum of a'B.S 
zoology or biology., experience: 
planning/development_ of. habi- 
tats, filtration systems and abili 
to handle management: an 
exhibition of aquatic animals 
(particlulary fishes). Must be ab 
to write for technical/popul 
audiences, take charge of projects 
and manage animal keeper staff 
Salary $36,327 - $55,807, plus 
benefits. Send applications stan- 
dard form 171 (personal qualifica- 
tion statement) to Smithsonian In- 
stitution, Office of Personnel Ad- 


ministration, Arts and Industries -{ 


Bidg., Rm. 1410, 900 Jefferson: 
Drive, S.W., Washington, D.C. : 
20560. Attn: Desk NC (SW) | 
Equal opportunity ernployar ri 
(NW 1515A. 



























Tribologist 


A worldwide influence in 
lubricant additives 


The Esso Chemical Research Centre at Abingdon 
has the responsibility, among other specialisations, 
for. research into engine lubricants and their 
development. 
Due to retirement, we now have a major 
$. “opportunity for a Tribologist to carry out 
‘fundamental studies on wear and friction in internal 
< combustion engines, with emphasis on the 
relationship to lubricant additive chemistry. 

_. The successful candidate will have the~ 
professional standing and personal stature to be 
acknowledged as the Esso Chemicals authority 
worldwide in this field, and is unlikely to have less 
than five years post qualification experience in an 
industrial or academic environment, with 
appropriate knowledge of chemistry, metallurgy, 

y mechanical engineering and surface analysis. A 
feature of this highly influential appointment is the 
possibility it offers for extensive contacts worldwide 
through international liaison, and regular 
attendance at conferences and seminars. 
and benefits are highly 
competitive and appropriate to 
the standing ofa major 
international organisation. 
Please telephone foran 
application form, or write with 
full cv to: Marcus Irwin-Brown, 
“oe. Charles Barker Recruitment, 
£30 lon Street, London 
EC4A 4EA. Telephone: 01-634 
000. 






























e] 
CHEMICALS 
pan 
{5562)A 





Candidates should be qualified to 
HNC (HTEC) level and for appoint- 
ment to the Senior Grade hold the 
FIMLS. 


Salary on range £5,795 to £8,177 
plus £1,042 London Allowance 
(Technician) or £7,596 to £10,034 plus 
£1,042 London Allowance (Senior 


AL POSTGRADUATE 


.EDIATRICS AND 
] EONATAL MEDICINE 





ney exists for an MLSO/Senior 
inthe Jerry Lewis Muscle 
arch Centre to participate in an 
estigative and research programme 
euromuscular disorders. Ex- 
ie ẹ in frozen sectioning and 
i techniques and 















Technician), 


Application forms may be obtain- 
ed from the Personnel Office, Royal 
Postgraduate Medical School, 150 
Ducane Road, London W12 OHS 
quoting ref. 28/204/N. 


Closing date 22 March, 1985. 
(5574)A 












UNIVERSITY OF GENEVA 


FACULTY OF PSYCHOLOGY AND 
EDUCATIONAL SCIENCES 


The Faculty of Psychology. and Educational Sciences has an 
ee opening for a tenured position of 


‘FULL PROFESSOR IN 
PERIMENTAL NEUROPSYCHOLOGY 


Required academic titles: Ph.D. or equivalent doctoral degree. 

he candidate is expected to have a documented interest in 
experimental work with human subjects. Experience in the 
development approach will be most welcome. With the help 
oné or two assistants he/she will teach 6 hours per week 
setting up an independent experimental unit. Fluency in French 













NATURE CONSERVANCY 


(Commissioned Research — 


LLIN : 
RESEARCH ASSOCIATION 


PHYSICAL SCIENTIST 


(Physical Chemistry of Interfaces) 


The FMBRA carries out cooperative fundamental and applied research 
on behalf of the UK milling and baking research industries. A position | 
has been created in the Fundamental Research Group ( (Group Head: Dr: 
J.D. Schofield) for a physical scientist with experience in surface: 
physical. chemistry. The research will aim to understand the behaviour: | 
and interactions of wheat flour dough components (proteins, lipids, 
emulsifiers, etc.) at the gas-liquid interface in relation to dough | 
properties and baked product quality. 
Applicants should have a PhD or equivalent, preferably with 2 to 4 years 
relevant post-doctoral experience: the ability to devise research 
projects and to communicate effectively with colleagues in other 
disciplines is important. 

Salary.will be according to qualifications and experience. 


Applications should be sent to Professor Brian Spencer, Flour Milling i 
and Baking Research Association, Chorleywood, Herts., WD3 5SH, 
from whom further details may be obtained. (5617) A. 


















THE UNIVERSITY OF LANCASTER 


CHAIR IN ENVIRONMENTAL SCIENCE 
Department of Environmental Science 


Applications are invited for a new Chair in Environmental Science. The 
current subject coverage in the Department includes: atmospheric 
sciences; computer applications; environmental systems and control; 
environmental and geochemistry; fluid dynamics; geology: 
geophysics; water resources; environmental management; 
oceanography and remote sensing. Applicants may be specialists in 
these or other relevant fields but they should be enthusiastic about 
exploiting the special nature of the Department in the development of 
integrated approaches to environmental. science and the solution of 
environmental problems: 
The successful candidate will have an extensive research record and 
will be expected to actively lead and co-ordinate research and teaching 
programmes in the general. area of environmental science. 
The Head of the Environmental Science Department is appointed on a 
five year basis -and the bolder of the Chair will be eligible to take over; 
these responsibilities when the present Head of Department, Professor.. 
Peter Young, completes his current five year term of office. in. 
September 1986. 
Salary will be within the Professional range. {present Professorial 
average £21,235). 
Nine copies of applications, including. the names. of ‘three 
persons to whom reference may be made, should be sent NOT 
LATER THAN 15th April 1985 (quoting reference L159B), to the 
Establishment Office, University House, Bailrigg,: Lancaster, 
LA1 4YW, from whom further particulars and application form 
may be obtained. Candidates from overseas may submit a single 
fullletter of application by airmail. (5593)A, 








consulted and contact made witl 


local naturalists. 


Qualifications: Candidates shouk 
possess a degree in botany, and hav: 
at least two years relevant postgradu 
ate experience. A driving licence:i 
essential. 

Salary: Higher Scientific Office 


COUNCIL 


Contract Post) 
HIGHER SCIENTIFIC 
OFFICERS 


Rare Plant Species Surveys 


Applications are invited for the 
above 2 year contract posts;.which 
will probably be based at several of 
our regional offices in England. 


The posts involve detailed field 
survey work, preparation of popu- 
lation forms for rare species, phato- 
graphy of sites, and compliation of a 
comprehensive report for the regions 
concerned. In the course of the 
investigations record centres will be 







s required. 
Minimum initial salary: Swiss francs: 104°927. - -. 
Applications including a Curriculum Vitae and a complete 
list of publications must be addressed to prof. W. Doise, 
Chairman of the Psychology Section, University of 
Geneva, 24 rue Général-Dufour CH-1211 GENEVA 4 until Z 
© April 17th. 

Further information about job description. and working 
© conditions can be obtained at the same addresses. . 
















£7,435 to £10,039 depending on ag 
and qualifications. 


Application forms and furthe 
details are available from: Miss B / 
Meredith, Personnel I, Northminste 
House, Peterborough PEI IWA. 


Closing date for completed appli 

cation forms: 22nd March 1985. 

The Nature Conservancy Counci 

is an Equal Opportunities Employer 
(5621) 









“CSIRO 
AUSTRALIA 
RESEARCH FELLOW 
$A25,342 — $A37,274 


DIVISION OF HORTICULTURAL 
RESEARCH 


ADELAIDE SA 


FIELD: Reproductive biology of horticultural crops (plant physiology). 


GENERAL: The aim of the Division's research is the improvement of 
-. woody perennial horticultural crops in Australia. These include a range 
"of deciduous and evergreen species. Emphasis is placed upon the 
» development of new techniques for the selection and breeding of 
improved plant types and on understanding the complex interaction 
«between plant performance and the environment. 
DUTIES: As a member of a small team, the appointee will undertake 
_-research into the floral biology of horticulural crop species. Research 
“will concentrate on hormonal studies of fruit set in tropical and 
subtropical woody perennial fruit crops including avacado, 
macadamia, mango. and citrus. Hormone changes during early 
į development will be investigated in relation to competition and fruit 
shed using physical methods including HPLC, GLC and GS/MS. 


t QUALIFICATIONS: A PhD degree or equivalent qualificationsin plant 
“physiology plus demonstrated research ability. Experience in hormone 
< physiology in relation to reproductive biology would be an advantage. 
., Consideration will be given to candidates with a background in repro- 
= ductive biology who are prepared to learn and adapt techniques of 
: Tormonal physiology to the problems of fruit set and premature fruit 
| TENURE: A term of three years, with the possibility of a further term, 
„not exceeding two years. Australian government superannuation 
l benefits available. 
i APPLICATIONS: Stating relevant personal particulars, including 
“details of qualifications and experience, the names of at least two 
“professional referees and quoting reference No. A0839, should be 
_ directed to: 

The Chief 
CSIRO Division of Horticultural Research 
GPO Box350 
ADELAIDE SA 5001 

AUSTRALIA 
» By 4 weeks from date of publication 
[SIRO IS AN EQUAL OPPORTUNITY EMPLOYER 





















(W1662)A 


DO 
‘NEUROPHYSIOLOGIST 
‘A> three-year postdoctoral 
| position is available beginnin 
March. 1, 1985, for an individua 
interested in joining an ongoing 
research project utilizing intra- 
cellular current — and voltage- 
clamp techniques and 
immunological methods to 
understand how the immune and 
peripheral nervous systems 
communicate with each other. 
This project involves in vitro 
electrophysiological studies of 
the excitability changes produced 
by mast cell-derived degranu- 
lation products and by known 
mediators of immediate hyper- 
sensitivity on vagal afferent and 
efferent neurons. Preferance will 
be given: to candidates with re- 
search experience in intracellular 
electrophysiological methods. 
Salary. competitive and commen- 
surate with experience. Send 
vita, description of past research 
experience, and future profess- 
ional goals and the names of three 
references to: — 
Dr Daniel Weinreich, Depart- 
ment of Pharmacology & Exp. 
Ther. University of Maryland 
School of Medicine, 655 West 
Baltimore Street, Baltimore, 
Maryland 21201. (NW1521)A 







i AND 
CALCIFICATION OF CARTILAGE IN 
JOCHONDRAL OSSIFICATION 
int Diseases Laboratory, 
- Shrines Hospital for 
= Crippled Children, 
McGill. University, 
: 1529. Cedar Avenue, 
Montreal, Quebec, H3G 1A6, 


: a. Canada 

In:the near: future there will be 
three vacancies for either visiting 
scientists ($28,000 per annum, 
with travel assistance), post- 
doctoral scientist (for at least 3 
years) or graduate students (fees 
assistance provided) for people 
working inthe above areas with 
Dr..A.R. Poole on the molecular $ 
biology. of cartilage calcification 
linvelving chondrocaicin) and T- 
cell mediated autoimmunity (T cell 
clones) to cartilage collagen and 
proteoglycan in rheumatoid arth- 
titis and. ankylosing spoindylitis 
and animal models thereof. Appli- 
cations naming three professional 
ferees and describing in detail 
previous experience and area of 
interest should be sent to Dr. A. 
Robin Poole at the above 
address. (NW1518)A 









































































BIOCHEMIST _ 
ELECTROPHYSIOLOGIS” 

for INSECTICIDE RESEARCH 
Plant Protection Division is one of ICIs fastest growing 
businesses. Our continued success in the international. ago- 


chemical industry depends on the talents of people joining u 
now. 


We want to interview Biochemists and Electrophysiolagists for 
two posts in insecticide research at our Jealott’s Hill Resea 
Station. ES 
The successful applicant will be responsible for investigating the > 
mode of action of insecticides and for devising bioassays which: 
will assist in invention. They will lead small teams, and will 
initiate research in areas of ins 
biochemistry/electrophysiology, working closely with other 
chemists and with biologists. : 
Suitable candidates. will have studied and researched’ in 
Biochemistry or Physiology to at least PhD Jevel, probably in. 
topics. involving. enzyme. inhibition; pharmacology -or 
invertebrate electrophysiology. We are looking for evidence of 
an imaginative and innovative.approach to work. 48 
Further post doctoral research experience especially in. 
neurochemistry or insect biochemistry is desirable but ‘not. 
essential. 


Jealott’s Hillis one of the largest and most successful research’ 
stations of its type in the world, set.in 230 hectares of farmland 
Communications. and» recreation: facilities inthe ‘area’ are. 
excellent. hp 


Starting. salary will depend on experience but could be up to 
£12,000 per annum. We will help with relocation expenses, and 
other benefits include membership of the profit sharing sche 
and pension fund. ; 
If you are interested in this post, please send a detailed letter of 
application and a curriculum vitae to reach us no later than 22 
March at the address given below.: i 


Personnel Department,- ICI Plant Protection Division, 
Jealott’s Hill Research Station, Bracknell, Berkshire.. 
RG126EY, quoting reference EM/NAT. (5602)A 


ACÀ 


site ates atin 
w, 




























































































Plant Protection 
Division 





































THE MIDDLESEX 
HOSPITAL MEDICAL 
SCHOOL 
(University of London) 


Continued and expanded researc} 
the project is assured if its ini 
objectives are achieved. : 

Applicants should preferat 
previous experience of convention 
(radio) immuno-assay methodolg 
and evidence of creative resear 
ability. The salary will be on the 
search Assistant 1A scale (£8,754 — 
£13,383 inclusive of London Allow- 
ance). 

Applications (including CV and 
names of two professional referees) 
should be sent to Professor. R-P 
Ekins, Department of. Molecular 
Endocrinology, The. Middlese 
Hospital Medical School, Mortimer 
Street, London WIN 8AA (Tel: 0L 
636 8333 ext 7544). = (5618) 


Applications are invited for a 
RESEARCH ASSISTANT 
POST 
funded initially for 2 years by the 
DHSS, relating to the development 
of new immunoassay technology. 
This important project involves ex- 
ploitation of novel analytical 
priciples. and will demand 
imagination. of novel analytical 
principles and will demand imagin- 
ations and technical flair for its 
successful fulfilment ment. 
















-AUSTRALIA 






























= 


higher plants. 
demonstrated research ability. 


perannuation benefits available. 





ould be directed to: 

f 

RO Division of Plant Industry 
>O Box 1600 





TH MANCHESTER 
EALTH AUTHORITY 


Christie Hospital & Holt 
Radium Institute 


TERSON LABORATORIES 
o post-doctoral appointments are 
ilable to work on projects con- 
yned with early mechanisms in 
smically induced:cancer, The posts 
anced as part of a Cancer Re- 
earch Campaign programme and are 
hree years initially, commencing 
\pril:1985. Salaries according to age 
id experience on MRC Scale Grade 


[OLECULAR BIOLOGIST 


n.collaboration with Dr G A 
largison on-aspects-of DNA repair, 
ticularly on processes which may 
tect against cancer. Experience in 
ansfer would be an advantage. 


2) BIOCHEMIST 


work in collaboration with Dr B 
fhilt on mutational aspects of 
utyladducts in DNA. Experience in 
“enzymology and polynucleotide bio- 
hemistry would be preferable; some 
molecular biological expertise would 
zbe an advantage. 


Applications, including CV and 
ames of referees should be made to 
r.P J.O’Connor, Head, Division of 
hemical Carcinogenesis, Paterson 
Laboratories, Christie Hospital, 
Withington, Manchester 20, as soon 
as possible. (S592)A 





























































= — RESEARCH FELLOW 

| (PLANT MOLECULAR BIOLOGY) 
(Two Positions) 

© $A25,342 — $37,274 

- DIVISION OF PLANT INDUSTRY 

CANBERRA ACT 


The. Division. of Plant Industry conducts research on problems 
indamental to plant biology and agriculture production. Prominent in 
is tesearch are programs concerned with gene transfer and express- 
il culture, photosynthetic processes and nitrogen fixation. The 
objective of this research is to develop the molecular and cellular 
pacity for genetic manipulation to improve productivity in crop 
ants- As part of an expansion of this effort applications are invited for 
arch positions in the following areas: 
POSITION REFERENCE No. A1875: 

‘he organization and expression of genes encoding photosynthesis 
Steins, and. the interaction between nuclear and chloroplast 


in vitro mutagenesis of seed protein genes and transformation studies 
Applicants should have a PhD degree or equivalent qualifications, and 
Tenure for each position is three years with Australian Government 


APPLICATIONS: Stating relevant personal particulars, including 
ils; of qualifications and experience, the names of at least two 
fessional referees and quoting the relevant reference number, 


eeks from date of publication 
ISAN EQUAL OPPORTUNITY EMPLOYER 





(W1661)A 


UNIVERSITY OF 
CAMBRIDGE 


DEPARTMENT OF ENGINEERING 


MODELLING OF 
BACTERIAL CELL-WALL 
STRUCTURE 


A post-doctoral research assistant is 
required to work on models of the 
bacterial cell wall. The aim is to 
understand the forces involved 
during growth, in order to explain 
how cells maintain their chatacter- 
istic shape. Collaboration is already 
established between microbiologists 
and an engineer, who are exploiting 
an unusual fibre-forming bacterial 
system. Direct measurements of cell 
wall strength have been made. 


Applicants should have some 
knowledge of the physical aspects of 
microbiology. In addition experience 
of either the effects of electric charge 
on macromolecules, or analysis and 
measurement on a small scale of 
stress would be valuable. The 
appointment is for three years and the 
starting salary will be up to £9,800 per 
annum depending on age. 


Application forms and further 
particulars may .be obtained from 
Mr J J Thwaites, Department 
of Engineering, University of 
Cambridge, Cambridge CB2 1PZ. 
Completed applications should be re- 
turned by 22 March 1985. (5625)A 















au Southampton | 


Ce OLL 
NEZ UNIVERSITY 


CHAIR OF PHYSICS 


Applications are invited for a 
Chair of Physics made vacant by 
ihe retirement of Professor E W 
ee. 

Applicants may have research 
interests in any area of experi- 
mental mainstream physics. 
Further details may be 
obtained from_the Secretary 
and Registrar, The University, 
Southampton, SO9 5NH, to 
whom applications (10 copies 
from persons in the UK) 
should be sent before 23 
March 1985. (5608) 



















ASSISTANTSHIPS 


UNIVERSITY OF OXFORD 
Dyson Perrins Laboratory 


POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 


Applications are invited for a 
postdoctoral research assistantship 
(supported by SERC) to develop an 
nmr method for measuring kinetic 
isotope effects. Applicants must have 
experience in FT nmr. 


The appointment is for one year in 
the first instance (from Ist October 
1985). The starting salary will be in 
the range £7,520 to £8,920 pa 
(Research Support Grade 1A) plus 
USS, according to age. 


Applications (one copy) with 
curriculum vitae and names and 
addresses of at least two referees 
should be sent not later than 31st 
March, 1985 to Dr M J T Robinson, 
Dyson. Perrins Laboratory, South 
Parks Road, OXFORD OX1 3QY. 

(5564)P 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF PHYSIOLOGY 


POST-DOCTORAL 
RESEARCH 
ASSISTANTSHIP: 
EPITHELIAL TRANSPORT 


Applications are invited for the above 
post to study the ‘transepithelial 
transport of ions and water by lung 
epithelial cells. 


Electrophysiological and isotope 
flux techniges will be employed. The 
post (Research Grade 1A, salary 
£7,520) is funded by the Scottish 
Home and Health Department and 
will be for one year at this stage. 
Previous experience in ion flux 
measurements would be advan- 
tageous. 


Applications with curriculum vitae 
and names and addresses of two 
referees should be sent as soon as 
possible to the Personnel Officer, The 
University, Dundee, DDI 4HN. 
Please quote Ref. EST/54/85J. 


Informal enquiries about the pro- 
ject may be made to Dr M R Ward, 
Department of Physiology, The 
University, Dundee, DDI 4HN. 
Dundee (0382) 23181 ext. 4538. 

(5577)P 



















DRUMMOND FELLOWSHIF 
for E 
RESEARCH IN NUTRITION 


The Managing Trustees will conside 
in May 1985 applications -fror 
persons holding a PhD or equivalen 
degree for a Drummond Fellowshi: 
for Research in a scientific subjec 
connected with Nutrition in its wides 
context. The Fellowship. will norm 
ally be tenable for up to. three year 
from 1 October, 1985; stipend at th 
appropriate point on the Universit 
Lecturer scale (non-clinical) (£7,521 
— £14,925) depending on age 
qualifications and experience, plu 
London Allowance, if applicable 
and an expenses grant. 


Full particulars and applicatio 
forms from Honorary Secretary 
Drummond Trust, Universit 
College London, Gower Street 
London WCIE 6BT. 


Completed application forms mus 
be received by 22 April 1985. 
(5619)E 


Travel Fellowships for 
INTERNATIONAL NARCOTIC 
RESEARCH CONFERENCE. 
Seacrest, Massachusetts, 
23 — 28 June, 1985. 
Limited support available for 

young investigators presentin 
papers. Direct requests to 

eong. Way, Department of 
Pharmacology, niversity of 
California, San Francisco, 
CA. 94143. (NW1526)E - 






UNIVERSITY OF BRISTOL 
DEPARTMENT OF ZOOLOGY 
Postdoctoral position in. 


MOLECULAR BIOLOGY. 
(Neurobiology) 
Applications are invited for a three 
year fellowship to investigate th 
regulation of expression of mult: 
functional genes in the mammalia 
nervous system implicated in th 
regulation of cellular differentiatio 
and neuromuscular synaps 
formation. The project will b 
funded by the Wellcome Trust. 


The successful applicant will hold 
PhD in Biochemistry/Molecula 
Genetics or a related field, and hav 
experience in DNA manipulation an 
hybridisation techniques with 
record of research into any aspect o 
the control of transcription. i 
eukaryotic cells. gri 


Laboratory facilities will b 
provided in the newly-establishe 
Molecular Genetics Unit at Bristol, 


An appointment will be made o, 
the University Academic Staff Rang 
1A at a starting salary of £7,520- 
£9,390 per annum. i 


Initial enquiries may be made to E 

L W Haynes, Department c 
Zoology, The University of Bristo 
Woodlands Rd, Bristol BS8 IU‘ 
(0272 24161 ext $7), to whor 
applications, accompanied by © 
and the names of three referee 
should be addressed before April 4. 
(SS9HE 













- UNIVERSITY OF OXFORD 
DOUGLAS HOLDER 
VISITING FELLOWSHIP 


The Douglas Holder Visiting Fellowshop has been established by the 
Department of Engineering Science and University College, Oxford, to 
commemorate Professor D.W. Holder, FRS. The Fellowship is open to 
distinguished candidates from Universities, Research institutions or 
industry who wish to come to work in Oxford on leave for a period of at 
least 6 months during the academic year 1986-7. The Fellow will be 
required to be actively involved with one of the Department's research 
5rogrammes and to give an invited lecture and seminars in University 
College. 

it is hoped that the Fellow could be provided with some financial 
support by obtaining a grant as a Royal Society Guest Research Fellow, 
or under the Science and Engineering Research Council scheme for 
Visiting Fellowships. 

Applications, with a curriculum vitae, details of the research to 
de undertaken, and the.names of two referees, should be sent 
not later than 1 April 1985, to Professor C.P. Wroth, Department of 
Engineering Science, Parks Road, Oxford OX13PJ, from whom further 
particulars. may be obtained. : : (5595)E 
Ie ne ae pty epee TITRE IBA TERT 


THE INSTITUTE OF UNIVERSITY OF 





“POSTDOCTORAL FI FELLOWSHIP 
available in 


MEDICAL AND CELLULAR 
GENETICS 


BAYLOR COLLEGE OF MEDICINE, 
One Baylor Plaza, 
HOUSTON, TEXAS 77030 


Applications are invited from persons interested in postdoctoral trainng 
in the following areas: : 
1. Robb E. Moses, M.D., Department of Cell Biology — DNA repairin 
human cells. : 
2. David H. Ledbetter Ph.D., Department of Medicine —- Clinic 
cytogenetics, somatic celi genetics, fragile (X) syndrome, molecular 
analysis of cytogenetic disorders. 
3. Gretchen J. Darlington, Ph.D., Department of Pathology 
Regulation of liver specific genes in human hepatoma cells using gene 
transfer and cell hybridization. 
4. C. Thomas Caskey, M.D., Department of Medicine — Molecular 
genetics or heritable disease. 

5.° A. Craig Chinault, Ph.D., Department. of Medicine = Control s 
gene expression and DNA replication of the X-chromosome: 
Candidates with backgrounds in biochemical or molecular geneti 

























“CANCER RESEARCH 


A THREE-YEAR 
= POSTDOCTORAL ©. 
SEARCH FELLOWSHIP 


be available from the end of May, 
5, in the Institute’s Cell and 
ecular Biology Section, Chester 
tty Laboratories, Fulham Road, 
don, SW3. The post will be based 
1e laboratory of Dr C J Marshall. 
main interest of this laboratory 
e detection and analysis of onco- 
‘sin human cancers. Suitable can- 
tes. must have experience in mole- 
ell biology. Salary in scale 

10; » depending on 






stience and qualifications, plus 


don Allowance of £1,233 pa: 
andidates are advised that in the 


ority of the Institute’s premises 


king is prohibited. 
urther information can. be ob- 
ed from Dr-C J Marshall, 01-352 
i, ext 262. Applications, in dupli- 
ith the names of two referees 
te Personnel Officer, Institute of 
cer, 34 Sumner Place, London, 
I INU, quoting ref 300/G/5. 
(5605)E 





pen 


_. INSTITUT 
‘Basel, Switzerland 
POSTDOCTORAL 

FELLOWSHIP. 


dlowship ‘is.available for one year 
tthe possibility to extend for. two 
‘ years in a group working’on a 
hanism of action of mammalian 
‘eases. and the regulation of their 
‘ity through interaction with other 
eins. 


pplicanis should hav experience 
rotein chemistry. or enzymology. 


iterested scientists should send 
icurriculum vitae and the names 
wo reférees:to Dr J Hofsteenge or 
S R Stone, Friedrich -Miescher 
titut, PO Box 2543, CH-4002 
el, Switzerland. (WI1665)E 


RIEDRICH MIESCHER- 





NOTTINGHAM 
A.F.R.C. Research Group on 
Hormones and Farm Animal 

Reproduction 
POST-DOCTORAL 
FELLOWSHIP TENABLE AT 
THE INSTITUTE OF 
ANIMAL PHYSIOLOGY, 
BABRAHAM 
Applications are invited from post- 
doctoral molecular endocrinologists 
for a post to be held at the Institute of 
Animal Physiology, for research into 
early embryonic mortality. The 
position, which is funded by a grant 
from the Agricultural and Food Re- 
search Council to.Dr A P F Flint and 
Professor G E Lamming, and is ad- 


| ministered through the University of 
‘Nottingham, is for work on the 


physiology of early pregnancy in 
sheep and ‘cattle, with particular ref- 
erence to blastocyst gene expression 


“during the establishment of 


pregnancy. Although: experience in 
reproductive physiology would be an 
advantage, this post will offer an 
opportunity for training in molecular 
genetics. The post is for five years, 
salary in the range £7,520 — £11,205 
according to age and’experience. 
Applications should include the 
names of three referees and should be 
sent to Dr A P F Flint, Institute of 
Animal Physiology, Babraham, 
Cambridge, CB2 4AT, before | April 
1985, (S609)E 


POSTDOCTORAL 
FELLOWSHIP 


A postdoctoral fellow is being sought 
to work on physiological and neuro- 
chemical aspects of the actions of 
opioids. Ongoing projects. include 
neurochemical and physiological 
analysis of opioid-mediated 
pregnancy-induced analgesia, neuro- 
chemical correlates of up and down 


regulation of opiate receptors, | 


processing and release of enkephalins 
and studies of opiate receptor 
function. 

Send CV to: Dr Alan Gintzler, 
Department of Biochemistry, Box 8, 
Downstate Medical Center, 450 
Clarkson Avenue, Brooklyn, NY 
411203. (NW1528)E 

































investigator. 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF VETERINARY 
PATHOLOGY 


AFRC VETERINARY 
SCHOOLS FELLOWSHIP 


Applications are invited for the 
above Fellowship which has been 
awarded. by the Agricultural and 
Food Research Council to. the 
Department of Veterinary Pathology 
to enable young British veterinary 
graduates. to carry out. full-time 
research: in immunology. The 
Department has a major interest in 
fundamental research in 
immunology and the project. is 
concerned with mechanisms 
regulating immune responses in 
sheep to synthetic peptides and 
hormones. The aim will be to gain 
knowledge on how the immune 
system ‘sees’ antigenic determinants 
and in understanding the role played 
by cell interactions in the regulation 
of the immune response to these 
antigens in vivo. 


The award which is held for 3 years 


preferred. Send vitae and names of three referees to appropriate 
(NW1530, 


is on the non-clinical academic sal. 
scale and is age-related. The presen 
scale range is £7,520 - £10,330 w 
placement according to age. Fees. 


Candidates for the award should b 
ordinarily resident in. the 1 
throughout a period of 3. yea 
immediately preceeding the date 
application, although. | 
applicants can be conside 
Candidates should be under 
of age and intent. on: pur 
research career, and will 
to register for a high 
Opportunities for pos 
employment in immun 
research in the veterinary field : 
likely to remain good. é 


Further particulars are availabl 
from the Secretary to the University 
Old College, South Bridg 
Edinburgh EH9. 1QH with whom 
applications with names. an 
addresses of two referees. should: 
lodged not later than Sth April 19 


Please quote reference no $231. 
(S581)E. 




























EMBO 
EUROPEAN MOLECULAR BIOLOGY ORGANIZATION 


SHORT TERM FELLOWSHIPS 


in molecular biology 
The European Molecular Biology Organisation awards, to scientis 
working in Europe and Israel in the field of molecular biology and allied 
disciplines, short term fellowships of one week up to three months. 
duration. The fellowships are to support collaborative research 
between. laboratories in different countries and provide a travel grant 
and subsistence allowance. Applications may be made at any time and 

- afe decided upon soon after the receipt of application. 

- Applications for exchanges between laboratories within any. one 
country cannot be considered. Fellowships involving transatlantic 
travel are awarded only in extremely exceptional circumstances. 
Application forms and further details may be obtained from Dr 

“J. Tooze, Executive Secretary, European Molecular Biology § 

Organization, 69 Heidelberg 1, Postfach 1022 40, F.R.G. (W1577)E. F. 






more fellowships/studentships on page 20 & 22 





GREAT BRITAIN AND IRELAND _ 


Anatomical Society 
Graduate Studentships 


Applications are invited for Studentships tenable in the Anatomical 
`; Sciences for a period up to three years. Nominees would be expected to 
“work for a higher degree by research. Candidates must be graduates of 

British or Irish Universities and must have arranged sponsorship with a 
: Department of Anatomical Sciences in the U.K. or Ireland. The stipend 

ill be commensurate with basic Research Council rates. 


Anatomical Society Senior 
Visiting Fellowship 


\pplications from Overseas Scientists are invited for one Fellowship 
enable: for a period of less than a year in a Department of Anatomical 


ciences in the U.K. or ireland. Applicants should. be post-doctoral or 
omparable status and must have arranged sponsorship in the 
Department in which they intend to work. Some assistance towards 
travel. and subsistence will be provided. 


‘urther particulars of the Appointments should be obtained 
from the Honorary Secretary, Professor J.A. Gosling, Depart- 
“ment of Anatomy, Stopford Building, University of Manchester, 

xford Road, Manchester, M13 9PT, to whom applications 
: should be sent by July 15th 1985. Applications for Studentships 
must be accompanied by sealed letters of support fram two 
referees. (5584) F 





ANNOUNCEMENTS 


ABBATICAL LEAVE IN SPANISH 
LABORATORIES 


order to promote the interaction between the Spanish 
entific Community and Scientists working outside Spain, in 
CYT (Spanish Advisory Committee for Research. and 
Development) invites applications from researchers willing to 
pend. their Sabbatical leave in Spanish Laboratories. The 
‘maximum.length of stay is one year and the minimum three 
months. The Programme will be in operation from October 1985 
to July 1987. The visiting scientists will receive a salary that will 
e awarded on the basis of qualifications and of the percentage 
of their current salary that is maintained by their home 
stitution. The following fields will have priority: 

Aqauaculture (Fish Pathology, Genetics and Nutrition). 

¿Microelectronics (Computer Assisted Design). 
> Biotechnology (Plant Breeding and Industrial 
: Biochemical Processes). 

Biological and Pharmaceutical Chemistry. 
-Materials Science (Ceramics, Polymers and New Alloys). 
“Pollution Biology. 

-Applied and Basic Virology. 
Production of Vegetal Protein. 
“Soil and Water Conservation. 
Fine Chemistry. 
~~ Robotics. 
-. Pood Technology. 
. Social Implications of New Technologies. 
History of Latin America. 
Applicants are requested to contact the Spanish laboratory in 
hich they intend to stay. The CAICYT will also help, on 
ftequest, to establish a connection betweenscientists eventually 
interested in the Programme and those Spanish laboratories 
working in their area of interest. These contacts should result in 
. a joint proposal that must be submitted to CAICYT before May 
| 10th, 1985. 
Full details of the data that will be required are available 
either from the Spanish institutions or from CAICYT. The 
oo candidates will be notified no later than July 1st 
1985. 
-All information concerning this advertisement should be 
E request from M. Pacios, CAICYT, Calle Rosario Pino 
44-16. 28020 MADRID. Spain. Tel. (34) — 1 — 4501063. 
; (wie?) 1G 






































50th ANNI VERSARY CELEBRATION — 
50 YEARS OF RESEARCH 


THE WEIZMANN LECTURE i 


SOME MOLECULAR SECRETS 
OF MEMORY 
By Prof. Yadin Dudai 
“Recent research sheds light on molecular mechanisms that underline 
the acquisition and storage of memory in simple biological systems” 
WEDNESDAY, 24th April at 5.30pm at The Stopford Building, 
University of Manchester. 


THURSDAY, 25th April at 7.30pm at The Royal Institution, London 
Admission by ticket only from: The Weismann Institute Foundatio 
14/15 Rodmarton Street, London W1H 3FW. 01-486 


Royal institution, 21 Albermarle Street, London W1 01-409 2992 
(Royal Institution members only) 18560) K 





CONFERENCES and COURSES 


IN R C1985- 
THE 16TH INTERNATIONAL NARCOTIC 
RESEARCH CONFERENCE 
will be held at the Crest Hótel, 
North Falmouth, Massachusetts; USA © 
from Sunday through Friday 28th June 1985 
Closing date for abstracts is 1st April 1985. 
Full details from: 
Dr. Alan North NRC), 
MIT 56-245, 
Cambridge, MA 02139, USA 


(NW1533)C 


KING’S COLLEGE LONDON 


University of London UNIVERSITY COLLEGE 
MSC IN HUMAN AND LONDON 
APPLIED PHYSIOLOGY Department of Anatomy and 
A one year course to train graduates Embryology 
in measarfng and studying the POSTGRADUATE 
physiological functioning of man in TRAINING 


normal and abnormal environments. 
The course will equip students to 
specialise in the applications of 
physiology to man in industrial, 
Service and clinical situations and the 
teaching of human physiology. 
Topics studied include: basic meas- 
urements; life support systems; exer- 5 3 
cise; locomotor; postural; climatic; | Biology, Development Biolog 
high altitude and hyperbaric physiol- | Mineralized Tissues. The departm: 
ogy. has ‘i ieee record of resear 
JRS 5 ‘ in the development and exploitati 
oo 1985 to September). of a diverse range of biological tex 
. : ce} niques, Further enquiries abc 
Applicants should normally havea | specific courses and possible reseat 
good degree of Physiology or be | projects available from: Dr C 
medically qualified. Woolf, Postgraduate Science Tuti 
Further details and application | Dept. of Anatomy & Embryoloy 
form from: Dr S Rowland, King’s University College London, Gov 
College London, Strand, London | St, London WCIE 6BT, UK. _ 
WC2R 2LS. (5600) 


Closing date for applications: 31 
March 1988, (5620)C 


Enquiries are invited from stude: 
interested in. postgraduate reséat 
training leading to an MSc, MPhil 
PhD degree. The department consi 
of 24 faculty. members: activi 
engaged in research in the followi 
general fields: Neurobiology, C 
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VOLCANIC 
SULPHUR 
FLOWS 


Fumarolic activity on a crater of the Quaternary 
composite volcano Lastarria, 5,700 metres up in the 
North Chilean Andes. In the background is the snow- 
_| capped peak of Llullai-Uaco volcano (6,723 m} with 
Salar de la Azufrera (4,200 m) in the foreground. (See 


of page 778.) Elsewhere in this issue, we review products 


exhibited by the American Society for Microbiology 


OPINION 











| Where now with British energy? 723 
| Anglo-Americanisms 724 

AIDS 725 
Animal welfare 
French education 726 
US scholarships 
Ozone depletion 727 
European ban on frogs? 
Human embryology 728 
Biotechnology 
Yugoslav science 729 
French publishing 
Tunguska observed 
US nuclear power 730 
UK research councils 

„| Japanese education 731 


—CORRESPONDENCE- 


Aftermath of nuclear 


war/Darwinism 732 


| — NEWS AND VIEWS— 


Uses for ancient eclipse records 


John Maddox 733 
Crossroads for archaebacteria 
D P Kelly 734 


Nature*(ISSN 0028-0836) is published weekly on Thursday, except the last week in December, by Macmillan Journals 
USA and Canada US $230 (for subscription prices elsewhere, see next page). USA and Canadian orders only to: Natu! 
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The Red Queen put to the test 


Michael J Benton 734 
Volcanic sulphur flows on Io 

Michael H Carr 735 
Two protein structures for the price 

of one 

Stephen C Harrison 7136 
Computer modelling of actin gel 
behaviour 

Dennis Bray 738 
Polar forests of the past 

Simon Conway Morris 739 
At last the insulin receptor 

Tony Hunter 740 
A Seyfert galaxy joins the jet set 
Beverley J Wills 741 


SCIENTIFIC CORRESPONDENCE- 


Digesting the Seascale data 

E Shoesmith 

Pinning down stem-cell. populations 
G T Matioli 

Relationship of AIDS to other 
retroviruses 

S Wain-Hobson, M Alizon 

& L Montagnier 

Microtubule assembly as 

a phase transition 

P Pfeuty 

Periodic comet showers and planet X 
D P Whitmire & J J Matese T44 
The nomenclature of the heavy elements 
Y Jeannin & N E Holden 


BOOK REVIEWS — 


Evolutionary Theory 

J W Pollard ed. and 

Beyond Neo-Darwinism 

M-W Ho and P T Saunders, eds 
Mark Ridley 

In Search of Schrödinger’s Cat 
by J Gribbin and 

Quantum Questions 

K Wilber, ed. 

P W Atkins 

Science and Scientific 
Researchers in Modern Society 
by J P Dickinson 

Dorothy Nelkin 

Modeling Dynamic Phenomena in 
Molecular and Cellular Biology 
by L A Segel 

George F Oster 

Werner Heisenberg: Collected 
Works, Series B 

W Blum, H-P Dürr and 

H Rechenberg, eds and 

Inner Exile: Recollections of 

a Life with Werner Heisenberg 
by E Heisenberg 

Nicholas Kemmer 
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Autocrine growth factors and 
M B Sporn & A.B Roberts 





















of the Seyfert galaxy NGC315 
M H Ulrich, A Altamo 
A Boksenberg, G E Bro 
J Clavel, A Elvius, M 




























Limited diversity of the 
rearranged T-cell A gêne 
D M Kranz, H Saito, MH 
Y Takagaki, W Haas, 
H N Eisen & S Tonegawa 
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Human insulin receptor and its 
relationship to the tyrosine © 
kinase family of oncogenes = © 
A Ullrich, J R Bell, EY Chen, 
R Herrera, LM Petruzzelli, T J Dull, 
A Gray, L Coussens, Y-C Liao,” 
M Tsubokawa, A Mason, 

P H Seeburg, C Grunfield, 

O M Rosen & J Ramachandran 
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Structure of large fragment 

of Escherichia coli DNA 
polymerase I complexed with dTMP 
D L Ollis, P Brick, R Hamlin, 

N G Xuong & T A Steitz 762 


-LETTERS TO NATURE- 


Ultra-high energy y rays and cosmic 
rays from accreting degenerate stars 
G Chanmugam & K Brecher 
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Transient quasi-periodic oscillations 
in the X-ray flux of Cygnus X-3 





M van der Klis & F A Jansen 768 | 
Transport of venusian rolling 

‘stones’ by wind? 

R Greeley & J R Marshall 771 





Neutron generation in lightning bolts 
G N Shah, H Razdan, C L Bhat 


& QM Ali 773 





When does small-scale convection 
begin beneath oceanic lithosphere? 


W R Buck T775 





Sulphur flows at Lastarria volcano 
in the North Chilean Andes 


J A Naranjo 778. 
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Hybor membranes are the ideal transfer membranes for nucleic acid and prote otting, offering: 
è Flexibility — choose nylon or nitrocellulose 


@ Convenience -a wide variety of shapes and sizes 
© Optimum performance — supported by comprehensive protocols 


© Compatibility — rigorous applications testing ensures compatibility with our extensive 
range of blotting products 


As you would expect from Amersham, 
Hybond membranes are subjected to our usual quality assurance programmes. 
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Oxygen isotope ra 
N-O from different environments 
M Wahlen & T Yoshinari 





Tellurium species in seawater 
D S Lee & J M Edmond 





Late Quaternary hydrological 
changes in the Gulf of Carpentaria 
T Torgersen, M R Jones, 

A W Stephens, 


D E Searle & W J Ullman 785 





Two contrary modes of chemolithotrophy 
in the same archaebacterium 


A Segerer, K O Stetter & F Klink 787 





Plasmid-related anaerobic 

autotrophy of the novel archae- 
bacterium Sulfolobus ambivalens 

W Zillig, S Yeats, I Holz, A Böck, 

F Gropp, M Rettenberger & S Lutz 789 





Separate sodium and calcit 
spikes in the same axon 


G O Mackie & R W Meech 791 





Adaptation of Plasmodium 
falciparum to glucose 6-phosphate 
dehydrogenase-deficient host 

red cells by production 

of parasite-encoded enzyme 


E A Usanga & L Luzzatto 793 





Detection in vivo of protein-DNA 
interactions within the 

lac operon of Escherichia coli 

H Nick & W Gilbert 


Cell-type-specific contacts to 
immunoglobulin enhancers in nuclei 
G M Church, A Ephrussi, 


W Gilbert & S Tonegawa 798 


Similarity between the vaccinia 
virus 19K early protein 
and epidermal growth factor 


A H Reisner 801 





Cloning and expression in 
Escherichia coli of the gene 

for human tumour necrosis factor 
T Shirai, H Yamaguchi, H Ito, 


C W Todd & R B Wallace 803 





isolation and characterization 

of genomic and cDNA 

clones of human erythropoietin 

K Jacobs, C Shoemaker, 

R Rudersdorf, S D Neill, 

R J Kaufman, A Mufson, J Seehra, 
S S Jones, R Hewick, 

E F Fritsch, M Kawakita, 


T Shimizu & T Miyake 806 





Identification of DNA sequences 
required for activity of the 
cauliflower mosaic virus 35S promoter 
J T Odell, F Nagy 





& Nam-Hai Chua 810 
Stable replication of plasmids 

derived from Epstein-Barr 

virus in various mammalian celis 

J L Yates, N Warren & B Sugden 812 

















Gene deletion and restriction 
fragment length 
polymorphisms at the human 
ornithine transcarbamylase locus 
R Rozen, J Fox, W A Fenton, 
A L Horwich & L E Rosenberg 
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Domain of E. coli DNA polymerase I 
showing sequence 

homology to T7 DNA polymerase 

D L Ollis, C Kline & T A Steitz 818 


—MATTERS ARISING— 


Subduction regression of volcanism 
in New Zealand 

P F Ballance, B W Hayward 

& F J Brook 

Reply: R N Brothers 


GTP not cyclic GMP enhances 
secretion from permeabilized platelets 

R J Haslam & M M L Davidson 

Reply: D E Knight & M C Scrutton 821 








820 


Next week in Nature: 
@ Textbooks 

@ Minisatellite fingerprints 

@ Papillomavirus carcinoma 


@ T-cell receptor genes 


@ Thymocytes and interleukin-2 
@ Somatostatin and Alzheimer’s 
@ Antarctic hydrocarbons 

@ New amorphous ice 

@ Sun’s galactic oscillation 


—GUIDE TO AUTHORS- 


Authors should be aware of the diversity of Nature's readership 
and should strive to be as widely understood as possible. 


Review articles should be accessible to the whole readership. 
Most are commissioned, but unsolicited reviews are welcome {in 
which case prior consultation with the office is desirable). 


Scientific articles are research reports whose conclusions are of 
general interest or which represent substantial advances of 
understanding. The text should not exceed 3,000 words and six 
displayed items (figures plus tables). The article should include 
an italic heading of about 50 words. 


Letters to Nature are ordinarily 1,000 words long with no more 
than four displayed items. The first paragraph (not exceeding 
150 words) should say what the letter is about, why the study it 
reports was undertaken and what the conclusions are. 


Matters arising are brief comments (up to 500 words) on articles 
and letters recently published in Nature, The originator of a 
Matters Arising contribution should initially send his 
manuscript to the author of the original paper and both parties 
should, wherever possible, agree on what is to be submitted. 


Manuscripts may be submitted either to London or Washington 
(decisions being made only in London). Manuscripts should be 
typed (double spacing) on one side of the paper only. Three 
copies are required, each. accompanied by copies of lettered 
artwork. No title should exceed 80 characters in length. 
Reference lists, figure legends, etc. should be on separate sheets, - 
all of which should be numbered. Abbreviations, symbols, 
units, etc. should be identified on one copy of the manuscript at 
their first appearance. 





References should appear sequentially indicated by superscripts 
in the text and should be abbreviated according to the World List 
of Scientific Periodicals, fourth edition (Butterworth 1963-65). 
The first and fast page numbers of each reference should be 
cited. References to books should clearly indicate the publisher 
and the date and’ place of publication. Unpublished articles 
should not be formally referred to unless accepted or submitted 
for publication, but may be mentioned in the text. 


Each piece of artwork should be clearly marked with the 
author's name and the figure number. Original artwork should 
be unlettered. Suggestions for cover illustrations are welcome, 
Original artwork (and one copy of the manuscript) will be 
returned when manuscripts cannot be published. 
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NIKON INVERTED MICROSCOPE TMS 
FOR ROUTINE TISSUE CULTURE 





Perfectly simple......simply perfect 
In a busy laboratory you don’t want 
to waste time making constant 
adjustments to your microscope 
With the TMS you simply turn on the 
illumination, focus and you can get 
right to work examining your cells 
The TMS features pre-centered phase 
illumination and condenser 
systems 
Quickly scan roller bottles by hand 
Or, use the attachable mechanical 
Stage to accurately position 96 well 
plates, micro-filter plates, petri dishes 
1” x3” slide glasses, etc., on its large 
low positioned stage 
Nikon’s CF optics and the TMS body’s 
innovative design give you superb 
contrast and clarity. A new series of 
high-performance, low-cost, phase 
contrast optics from 10x phase to a 
long working distance 40x phase is 
available in addition to a complete 
line of bright-field objectives. There 
is even a unique 4X plan phase 
objective for low power scanning as 
well as long and extra-long working 
distance condensers 
A high efficient 6V/20W halogen light 
source provides abundant illumina 
tion for low to high power observa 
tion. The TMS features include a 
fixed stage with focusing nosepiece 
ultra-stable diecast body, human 
engineered design, high eye-point 
eyepieces suitable for use with eye- 
glasses,and many other advantages 
The Nikon TMS. It'll simply improve 
your lab 

Extend your vision. Write 
NIPPON KOGAKU K.K, Fuji Bldg 
2-3, Marunouchi 3-chome, 
Chiyoda-ku, Tokyo 100, Japan 


Nikon 


Extending Man’s Vision 
Circle No.12 on Reader Service Card 





Prrerwrerr you say Why FPLC” ~ 
you are half way there... 






























... because Superose™ from Pharmacia is the peak of evolution in high 
performance gel filtration for the separation of labile biomolecules. 


Over the past 25 years, Pharmacia has developed a broad range 
of chromatography media, including Sephadex®, Sepharose®, 
Sephacryl®, MonoBeads™, ProRPC™, and PepRPC™, 
together with the FPLC System, to meet the ever-gro- 
wing requirements of experienced, innovative and 
demanding groups of researchers throughout 
the world. 


Now, the FPLC System and Superose 
from Pharmacia allow you to use 
high performance gel filtration 
without the limitations impo- 
sed by silica and stainless 

steel. 













With the introduction 
of Superose, the Pharma- — 
cia range of high performance — 
chromtography media, including — 
MonoBeads, ProRPC and PepRPC, 
has been extended to provide you with gel 
filtration media for fast, high resolution sepa- 
rations of biomolecules, from small peptides a 
large proteins and DNA-fragments. bg 


e High performance prepacked glass columns 
è Reproducible results 
© High recovery of biological activity 


e pH stability (1-14) MG Be 
Superose™ At 

High Performance Gel Filtration ay 
FPLC | a 


è Extended column life 


è Pharmacia know-how 
2 ae 
BAA Sephacryl? Rap] DEAE-Sephacel® 

- r = 4 t =] 


... S0 g0 all the way 










See, as 
CNBr-activated fj] Sepharose® È RPC 
_ Superose pre-packed glass columns with high chemical Sepharose® fR] ion exchangers Saige 
_and pH stability, up to pH 14, provide you with unequalled PF aa he 
flexibility in your choice of eluents and greatly simplify 2762] Sepharose® CL fais. 
_ your column cleaning routines. E eh ee 
_ Superose allows you to perform rapid separations ee Ly. 
(20-60 min) while obtaining high resolution and high Aina a ME 

‘ecovery, facilitating and improving your work in re- eed Sephadex® Ma 

_ Seal ch, quality control or process development. = Mon exchangers forse 






ta "ia a 
i a ` 


Sephadex® 


perose has been especially developed for bioscientists 
and is optimized for high performance separation of proteins, 
= DNA-fragments, peptides and other biomolecules. 








The natural selection ... 4a 
... for the separation of biomolecules. 
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Introducing 
connections fo 


With the new IBM Personal Computer AT/370, you can work with 
hundreds of VM programs and with mainframe data right at your desk. 
And only IBM offers a personal computer with VM capabilities. 

Now that’s a Smart Desk with very powerful connections. 

With the PC AT/370, you have the power of 64-bit System/370 
architecture and the ability to address up to eight megabytes of 
virtual memory. Plus access to FORTRAN 77, Pascal and other 
scientific languages. 

The PC AT/370 lets you solve problems independently, only drawing 
on the host resources as needed. You can even record and analyze the 
results of an experiment or send them to the host for processing. 

And you can enjoy the benefits of faster response time and greater 
data privacy—without having to compete for host computer time. 

What’s more, the PC AT/370 has a 20 or 40 megabyte storage 
capacity and the capability of running thousands of existing IBM PC 
programs. So this powerful connection is also a very versatile one. 

One further point: If you already have a PC AT or XT, it can easily be 
upgraded to a PC AT/370 or XT/370 respectively. Ask your IBM 
ee re me = marketing representative 











IBM 2-28 ; 

DRM, Dept. KG/730 | | for the details. 

ee te ora | And if you want to receive 

O trene oend me more information on the new IBM l literature on how the PC AT/370 

, AT/370. ; 

O Please have an IBM marketing representative i can turn your desk into a Smart 
contact me. | Desk, call 1 800 IBM-2468, 

Name. j ‘ ° e 

ti | Ext. 730, or send in this coupon. 

| 

| 

| 

| 





Company. 
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The new challengers 
In diagnostics 


Robaclones 
esis ts E a] 


Special monoclonal antibodies 
against 


Endothelial cells 
ar ae ar ere eT | 


Smooth muscle cells 
(Fpa Tee a N, 


Macrophages 


Robapharm has a 50 years These antibodies represent of the vessel wall (athero- 
tradition in biological new tools for research on the sclerosis) and various 
research. The company today vascular endothelium and inflammatory cell infiltrates. 
is highly active in biotech- on mononuclear phagocytes 

nology and provides scientists and shall be useful in 

with rare monoclonal anti- diagnosis of endothelial cell 

bodies throughout the world. tumors, pathological changes 


Robapharm AG St. Alban-Rheinweg 174 

Biotechnological Division CH-4006 Basel/Switzerland 
Telephone 061 42 0070 
Telex 62 939 








CONVENIENT-INFORMATIVE-TIMELY-PROVOCATIVE. 


FOUR DYNAMITE REASONS WHY YOU SHOULD SUBSCRIBE TO 
BIO/TECHNOLOGY NOW... 2 














You'll save time. Because 
a you don't have time to 
read every journal in the field, 
BIOTECHNOLOGY is written 
and edited to give you all the 
information you need in ONE 
convenient source. BIO/TECH- 
NOLOGY is the only journal to 
give you news. Features. 
Original research. Product 
evaluations. Industrial applica- 
tions. Job openings. Book and 
product. reviews. And more. If 
it's- important to. your work, 
you'll find it. between the 
covers of BIO/TECHNOLOGY. 


You'll learn new ways to im- 
@ prove your on-the-job. skills 
and run a more successful opera- 
tion. Each month BIO/TECH- 
NOLOGY gives you the scoop 
on invaluable start-up informa- 
tion... the latest instrument- 
ation... marketing break- 
¿> throughs...funding sour- 
< ces... new technologies... 
patents and licences... pro- 
files on how others are 
= avoiding the pitfalls and reap- 
ing the rewards. In fact, just 
one practical tip from BIO/- 
TECHNOLOGY can be worth 
many times the cost of your 
<. subscription. 


- who's doing what, where, You'll 






































You'll be up-to-date on all 
€ major industry nents. 
With correspondents ail over: 
the world, BIOTECHNOLOGY 
delivers the inside story on 


get the latest word on changing 
government regulations and. 
tax law, and how they. affect” 
your work. 

Plus you'll read original re- 
search papers by bench scien: 
tists, engineers, and biologists 
that will help keep you in the» 
forefront of every new discov- 
ery worth knowing about. 


You'll get new ideas you can 

m put to use immediately.B10/- 
TECHNOLOGY lets you. rub 
elbows with eminent scien- 
tists, tour new facilities and. 
learn how new processes work : 
in every field from genetic engi- 
neering to molecular biology. 
Each month, BIO/TECHNOL- 
OGY helps spark ideas for your 
own research, for new industri- 
al applications and for getting 
along in the increasingly com- - 
petitive financial arena. 


- Ifyou're not already subscribing to BIO/TECHNOLOGY, don't delay the moment any longer - return the coupon below and we will 
send you twelve issues. You risk nothing. If for any reason BIO/TECHNOLOGY doesn't live up to your highest expectations, justlet 
us know and you'll receive a full refund on all unmailed copies. Remember too, that your subscription may be tax deductible. 












TO START RECEIVING YOUR SUBSCRIPTION, FILL OUT THE COUPON BELOW AND RETURN WITH PAYMENT TO: 


| U.S.A.: BIO/TECHNOLOGY ENGLAND: BIO/TECHNOLOGY 
Subscription Order Dept., P.O. Box 316 Subscription Order Dept., Macmillan Journals, Ltd. 
| Martinsville, New Jersey 08836 U.S.A. Brunel Road, Houndmills, Basingstoke 
| | To speed up your subscription in the U.S.A., call toll free 1-800-524-0328. Hampshire RG21 2X8, England 
| C YES! Please send me one year of D My payment is enclosed at the price checked. 
| BIOTECHNOLOGY (12 issues). | under- E Please charge my credit card account: r 
| stand that | may cancel my subscription ( American Express G Mastercard CVisa 


at any time and receive a full refund on 
all unmailed issues. 


| 
| [U.S.A.-$59.00* D Australia-A$130** 
j OU.K.-£70** O Elsewhere-U.S.$112** 
i In Japan, write Macmillan Shuppan, K.K., 


Eikow Bidg., 10-9 Hongo 1-chome, Bunkyo-ku 
| Tokyo 113 Japan 














City/State/Postal Code: __ 





| Note: “Represents 24% otf Basic Subscription Price of US. $78.00 Country: e aaa 
| **All other prices quoted are “Air Speed” 5A5C 
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IMAGISCANI 


THE TOTAL IMAGE ANALYSIS SYSTEM 








In Counting, Particle sizing, Feature detection, 


In addition to the comprehensive, easy-to-use 
Chromosome analysis, Magiscan provides the facts, 


general purpose software, a growing range of 


leaving you free to make those other important daily dedicated applications systems are now available, 

decisions. making Magiscan indispensable in any environment — 
With its expanded input and output options and clinical or industrial. 

the increased speed provided by its inbuilt Winchester Whether you are involved in research or routine 

disc, Magiscan now has more power and flexibility to evaluation, contact Joyce-Loebl’s team of applications 

extract quantitative data from an even wider variety of specialists to find out how Magiscan can help you. 

images. 


Joyce-Loebl, Marquisway, Team Valley, Gateshead NE11 0QW, England. Tel: (091) 482 2111. Telex: 53257. 


W Joyce-Loebl 


A Vickers company 
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Nycodenz® 


The autoclavable, universal centrifugation medium 


A major advance in the field of 
centrifugation media 
e Non-ionic 


Non-toxic 

Low osmolality 
Low viscosity 
High solubility 


- suitable for separating all types of 
biological particles. 


NYCODENZ” Is available through Ny 
representatives in the following coun’ 


Australia: 
Belgium: 
Denmark: 
Finland: 
France: 
Holland: 
Hong Kong: 
Iceland: 


Italy: 


BDH Chemicals Australia Pty, Ltd. 
Melbourne, Telephone: (3) 859 1305 
Nyegaard s.a., n.v., Bruxelles 
Telephone: (2) 215 9200 

NycoMed Aps, Rødovre 
Telephone: (1) 70 82 00 
Lakemedelsfabriken-Medica AB 
Helsingfors, Telephone: (0) 75 02 81 
Flobio, Courbevole 

Telephone: (1) 788 8476 
Pharmachemie B.V., Haarlem 
Telephone: (23) 31 92 09 

Science Internationa! Corporation 
Telephone: (5) 60285 

G. Olafsson h.t., Reykjavik 
Telephone: (1) 84166 

immuno S.p.A., Pisa 

Telephone: (50) 50 20 01 
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P raei & Co. A/S 


Japan: 


Norway: 
Singapore: 
Spain: 


Sweden: 


Isotonic sterile solution 
(d = 1.15 g/ml) 


Specially designed for the 
isolation of subcellular 
organelles, cells, viruses, 


bacteria and other osmoti- 


cally sensitive particles. 


Dalichi Pure Chemicals Co. Ltd., 
Tokyo 

Telephone: (3) 272 0671 
Nyegaard & Co. A/S, Oslo 
Telephone: (02) 64 40 00 
Equimed Pte. Ltd 

Telephone: (27) 32215/6/7 
Hucoa-Erléss, Madrid 
Telephone: (1) 215 6941 
Nyegaard & Co. AB, Stockholm 
Telephone: (8) 67 90 50 


United Kingdom: Nyegaard (U.K.) Ltd., Birmingham 
8806 


Telephone: (21) 742 


USA og Canada: Accurate Chemical & Scientific 


West Germany, 
Austria & 
Switzerland 


Corporation, Westbury, New York 
Telephone: (516) 433 4900 

Or. Molter GmbH, 

Heidelberg 

Telephone: (62) 23 41 31 


Other Countries: Please contact the manufacturer 






“amy Diagnostica 


Analytical grade powder 


For the isolation of nucleo- 
proteins, nucleic acids, poly- 
saccharides and proteins. 





Nyegaard & Co. AS 
Diagnostics Division 


Postbox 4220 Torshov, Oslo 4, Norway. 
Phone (47 2) 64 4000 


s.. an 


193.84 


ar VA NYEGAARD 


% Diagnostica 


The new 


Nyegaard Gradient|Unloader 


Efficient, simple and 
convenient 


@ Avoids the problems associated with 
the presence of a pellet 

@ Doesn't require piercing of the tube — 
therefore, any tubes can be used 
and reused 

@ Autoclavable 

@ Does not require the use of a pump 





s0n-Marsteller RRA 35 


Burs 


Nyegaard & Co AS 
Diagnostics Division 
Postbox 4220 Torshov, 0401 Oslo 4, Norway Circle No.19 on Reader Service Card 


Nuclear Counter 
Betamatic 


Scientific Ultracentrifuges 


ENTRIKON 
9 5050/2060!2070! 2080 


Your partner in science and health 


74 KONTRON 
B AN INSTRUMENTS 


y further information please contact your local KONTRON Company 
Japan (Toky (03 
Scandinavia (Stockholm) (08 
Spain (Madrid) (01) 7 
vitzerland (Zurich) (01) 4 
USA (Everett/Mass.) 


f 
a (Vienna) 

France (Montigny le Br.) 

Germa 

Great Bri t. Albans) (0 


italy (Milan) (ey, (617) 389640( 


international Marketing Services, KONTRON AG 


3ernerstrasse Süd 169, 8048 Zurich/ Switzerland 
Telephone (01) 435 4111, Telex 
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Lia ĀU an Li hi SYNTHESIZER 
DNA Made Eas 





e Operation: As simple as ACGT 

e Efficiency: 99 + % per step 

e Speed: 6 minute cycle time 

e Reliability: valves tested to 1 million cycles, the equivalent of 10 years 

e Flexibility: Ail phosphate and phosphite methods plus user-programmability 
e Cost Effective: Lowest cost per step in the industry 

e Models: Dual cell or single cell 


The Systec Microsyn Automated DNA Synthesizer represents an ongoing effort 
by Systec to combine the latest technological developments with a user 
friendly design concept. The result is an automated oligonucleotide 
synthesizer with unparalleled performance standards and a proven record of 
reliable operation in laboratories throughout the United States and foreign 











countries 
For more information about the Systec Microsyn Automated DNA 
Synthesizer, 
1- (800) 328. I SYSTET} 
1 - (800) 328-6795 Ask for Extension 272 
Write: SINCE 1971 
In Europe In Japan/Far East 
Systec, Inc Labortec AG ABE Trading Co, LTD 
3816 Chandler Drive Hauptstrasse 144 30-5, 2- Chome, Hakusan 
Minneapolis, MN 55421 (U.S.A. CH-4416 Bubendorf erland Bunkyo-ku, Tokyo, 112 Japan 
Telephone: (612) 788-9701 Telefon: 061/9 5 Telephone: Tokyo (03) 814-1281 
Telex: 703069 Telex: 966081 Telex: 2222195 
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Introduces 


RAPID-Ag-STAIN™ 


RAPID-Ag-STAIN is the most advanced kit for the detection of proteins and nucleic 

acids in polyacrylamide gels: 

e RAPID: Gels may be visualized in less than one hour. 

e SENSITIVE: Up to 125 times CBB. 

e SIMPLE: Easy to follow 3 step procedure. 

e VERSATILE: For proteins, RNA & DNA, “‘2-d” electrophoresis, “2-d” electrophoresis 
O'Farrell, as a substitute for autoradiography or CBB, following CBB, 
and as a check of transfer efficiency. 

e CONVENIENT: Two package sizes, enough for 10 or 25 slab gels (140 mm x 140 mm 

x 1.0 mm). 


Coomassie Brilliant Blue Vs. RAPID-Ag-STAIN 





ae 45 67 8 


Sample: Amounts of each substance applied per lane 
a Bovine Serum Albumin (BSA) 1 Sp 4 40ng 7 320pg 

b Ovalbumin (OA) 2 V6 5 8ng 8 64pg 

c Chymotrypsinogen A (Chy A) 3 200 ng 6 1.6ng 9 12.8 pg 


Gel: SDS-PAG, 15% gel. 




































Detected by naked eye by densitometer 
Ps EA Ag CBB Ag CBB/Ag 

40 ng 625 times 8 ng 64 pg | 125 times 

200ng | 16ng | 125times |  40ng 320 pg | 125 times 

40 ng 320 pg 125 times 8 ng 63 pg 125 times 
Catalog Number Price Introductory Offer 
820010 RAPID-Ag-STAIN for 10 slab gels $ 80.00 $ 72.00 
820020 RAPID-Ag-STAIN for 25 slab gels $125.00 $112.50 


To order RAPID-Ag-STAIN and to obtain more information 
simply call toll free: 


1-800-854-0530 
In California call collect 714-833-2500 
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Think of it as “One Stop Shopping” 


if you think that prompt delivery, 
broad selection, and rapid service is a 
contradiction in the biochemical world 
you haven’t experienced NBCo 
Biochemicals. 

The fact is you can order biochem- 
icals from several different distributors 
and supply houses and wait while they 
purchase materials to fill your order. 
NBCo Biochemicals instead is your 
Biochemical Supermarket. 

You will find a complete selection of 
biochemicals for research, analytical, 
and diagnostic applications in our new 
Blue Book of Biochemicals. 

















NBCo Biochemicals, Your Prime Source Company 





| HIE NBCo Biochemicals 
| a Division of ICN Biomedicals, Inc. ee 


over 4,000 products to choose from: 








The selection will include 


Amino Acids 
Antibiotics 
Carbohydrates 
Enzymes 

Fatty Acids 
Fluorinated Compounds 
Growth Factor Analogs 
Hormones 

Nucleotides 

Peptides 

Peptones 

Steroids 

Substrates 

Vitamins 





When you specify NBCo Biochem- 
icals, you can forget about waiting and 
worrying and making out more P.O.’s 
than you need to. 

But there’s a lot more to NBCo Bio- 
chemicals than just prompt delivery, 
broad selection, and rapid service: Our 
commitment to serve the research 
community. 


Why Not Experience NBCo 
Biochemicals Today? 


Call us to place your next biochemical 
order and register to receive our Blue 
Book of Biochemicals, toll free: 


1-800-321-6842 


in Ohio, call collect (216) 831-3000 
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PENINSULA 
LABORATORIES 
1985 
CATALOGUE 


Our new 76 page catalogue 
contains over 500 biologically 
active peptides. 


# Atrial Peptides 

a Growth Hormone Releasing 
Factor 

= Corticotropin Releasing Factor 


PEPTIDE ANTISERA 
a x Human Atrial Natriuretic 
Polypeptide Antiserum 


NUCLEOTIDE PRODUCTS 
s DMT-Ribonucleosides for RNA 
synthesis 


Fora copy of our new ‘85 catalogue 


call or write today! 
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Peninsula Laboratories, Inc. 
61] Taylor Way 

Belmont, California 94002 U.S.A. 
Phone: CA (415) 592-5392 

Out of State 

Toll-free: (800) 922-1516 

Telex: 172511 (PEN LABS BLMT) 


Peninsula Laboratories 
Europe, Ltd. 

Box 62, 17K Westside Ind. Estate 
Jackson Street, St. Helens 
Merseyside, England WA9 3AJ 
Phone: St. Helens 612108 (0744) 
or 30064 (0744) 

Telex: 629705 PENEUR 
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INSTRUMENTATION RANGE 


Electrophorisis. Autoradiography. Cell culture 
apparatus. Safety cabinets. Freeze dryers. 
Complete laboratory instrumentation 
packages for new and expanding 
laboratories. 














ENZYMES 


Restriction endonucleases. Vectors 

isolyte pH ampholines. Oligonucleotides 

- prepared individually to user demand up to 
20’ mer lengths. 















Full details will be sent 
| * on request. 


Genetic “Kesearch Instrumentation ‘Ltd. 


GENE HOUSE, STATION ROAD, TAKELEY, BISHOP’S STORTFORD, HERTS CM22 6SG 
BISHOP’S STORTFORD (0279) 870601 TELEX 817662 HESTAV.G. 
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THE AGONIST ' ; = 
A - || Spectrogquan 


U-46610 


1 Coleman, et. al., Proc. &.P.5,, 68, 
pp- 127 (79) 















Pinane-TXA, 


2 K.C. Nicolaou, et. sl., Proc. Nati. 
Arad. Sei. USA, 76. 2566-2570 (79) 













ie Reagents and photometer 
fea ab from one source 


















Scanning electron. 
micrograph of a human 
platelet, 1,806 X. 


Ready-to-use tests for determi- 
ning: ammonium, calcium, chlo- 
ride, chromium, cyanide, iron, 
hydrazine, hydrogen sulfide, 
copper, manganese, nickel, nitrite, 
phosphorus, silicon and sulfur. 


in: alle types of waters, soil 
samples, foodstuffs, biological 
materials and alloys. 


The test kits are ready to use 
and have a long stability. 


The system guarantees high se- 
lectivity and reduces analytical 
expenditure to a minimum. The 
instrument can be calibrated in 
second by using calibration 
cells. Adjustments become 
superfluous. The result of the 
analysis is displayed digitally. 
























if your group is investigating any aspect of thrombosis or 
hemostasis, it's good to know that you can have both these analogs 
working in your lab — tomorrow morning. just call or write to: 


Telex CAYMAN 2280 Peters Road 
853127 Ann Arbor, Mi 48103 
CAYMAN CHEM UD CHEMICAL (313)662-6756 


ALSO ANNOUNCING 
Lipoxygenase Products 
5-HETE 12-HETE 15-HETE HHT 
Leukotrienes A, (Methyl Ester), C., D., E and F, 


PGA, * PGA, © PGB, + PGB, © PGD, © PGE, è PGE, © PGF. © PGF,c*THAM 
© PGF,o-Free Acid © PGL,*Na' © TXB, * 6-Keto-PGE. © 6,15-diketo-PGF2 
* $3, f4-dh-15-K-PGA, * 13. 14-dh-15-K-PGD, * 13, 14-dh-18-K-PGF¢ 
* 15-Keto-PGE, © 15-Kera-PGF,a © G-Keto-PGF.e © 13, 14-dh15-K-PGE, 
* Tf 1G-cycto-PGEs® 16, 16-Me PGE, © U-d6619 © U-44069 © Pinane-TXA; 
+ Arachidonic Acid © 5-HETE-Methy! Ester è S-HETE © EZ-HETE © 15-HETE 
*LTA.-Me * LIC, * LTD, © LTE, © LTF, $ HHT 


THAT'S RIGHT — 37 DIFFERENT PG'S ALL FROM CAYMAN CHEMICAL 












































Please ask for the brochure. 
ao TEEPEE ag 
Reagents 


MERCK 
PREEN A 


E. Merck, Frankfurter Straße 250, D-6100 Darmstadt 1 
Federal Republic of Germany 
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FEATURES 


> MORE 


even more versati 
-affordable than o 
201-B has all the features 
of the original 201, 


` 


* New peak detection algorit ! 
detection. ae 
* New program mode lets you include p 
_ elections within the collection window. _ 
+ New user-selectable, free vessel programmir 
lection into vessels of virtually any size or shape. 
* New multicycle mode for repetitive collections 
or different samples: 


* New editing capabilities of operational parameters d ing 
arun. 


In all there are twelve collection modes and aight rack 
configurations for collection no iam obee Pew 


the easy-to-use collector 6 ea 
Contact us for complete i 


GILSON 


HVTE RN ATHON AL. 
Box 27;.3000 W. Beltline, Middleton, WI 53562 
Telephone (608) 836-1551 


BP. No..45, 95400, Villiers-le-Bel, France 
Telephone (3) 990.54.41 





Circle No. (6) for literature. Circle No. © have your representative call on us. 








Clearly, the best for less. 


ACRYLAMIDE 
GRADE 1 


Higher specs and greater solution clarity. At a lower Price. 


One telling sign of quality acrylamide is its resultant crystal Ei: 290nm-Aqueous) 0.1 max. This electrophoresis grade. 
clear solution. Gallard-Schlesinger therefore proudly reagent will provide exceptionally transparent gels and 
announces the availability of SUPER-PURE ACRYLAMIDE improved sample fractionation. Prices for product No. 
from BDH, with these unsurpassed specifications: Minimum 44313: 100 grams $20.00, 500 grams $80.00. For further 
Assay (Ex N) 99.9% ... Acrylic Acid (Conductometric) information on this and other quality Gallard-Schlesinger 
0.001% max... insolubles (Aqueous) 0.001% max... biochemical reagents, write or call. 





“988 Chemical Manufacturing Corporation 
584 Mineola Avenue, Carle Place, NY 11514/516-333-5600 
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Fascinating reading 
and an unusual gift 


A high-quality, 40- 
page facsimile of, Ue 

the first issue of are 
Nature IS now | ee CONTENTS ~~ | 
available at the | Gerre: Arnora ox Nuver. By | 


following prices : Prof. Hesery, FRS. 
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World (Air) BS AL Grint, ERN 


Payment may be made in any currency at 
the prevailing exchange rate. Cheques 
should be made payable to Nature. Prices 
include postage and packing. 





To order please complete the coupon 
below, or write, enclosing the correct 
remittance. 








_ Order Form 





To: Nature 
Macmillan Journals Ltd 
Brunel Road, Basingstoke 
Hants, RG21 2XS, England 


Please send me 
issue of NATURE. 


facsimile(s) of the first 


Penclose@v siti a bs done ot Sete heehee 
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Where now with British energy? 


“The ending of a year-long miners’ strike in Britain, and of a nuclear inquiry begun twice as long 
ago, will prompt reappraisal of fuel policy. The market matters most. 


By ironical coincidence, the year-long British miners’ strike and 
the public inquiry into the proposal to build a nuclear reactor 
«in Suffolk are petering out at the same time. This week or next, 
half of the 180,000 British miners will have broken ranks and 
“ gone back to work, after months of heroic but appalling self- 
deprivation. And with counsel for the Central Electricity 
, Generating Board, the national nationalized electricity utility, 
more than a fortnight launched on his final submission to the 
inspector charged with recommending whether Britain in general 
and the village of Sizewell in particular can safely house a 
- pressurized-water reactor, that longer-running spectacle must also 
soon end. Within a year or so, the Sizewell inspector will have 
made his recommendation along predictable lines (see Nature 300, 
672; 1982), these will have been further qualified by the British 
Department of Energy and the electricity board will be able to 
begin fulfilling an ambition first declared in 1972. The British 
should count themselves lucky that there has been oil in the North 
Sea to allow the luxury of these two serious interruptions of other 
sources of energy. 
The Sizewell inquiry has been the more comical. Part of the 
: explanation for the time that has been taken is the inspector’s 
decision, at the outset of the proceedings, that documents could 
be accepted in evidence only if they were first read aloud, which 
has revealed many distinguished engineers and administrators to 
` be only passable at public recitation. The scope of the inquiry, 
the most serious cause of the length of the proceedings, has raised 
questions about the constitutional status of public inquiries as 
such (see Nature 301, 100; 1983). That the people directly affected 
(and usually inconvenienced) by major developments should have 
an opportunity to demand an explanation from those responsible 
cannot be denied in democratic societies. But the Sizewell inquiry 
was unfortunately also given a licence to consider not merely the 
practical objections of those who do not want to see nuclear power 
Stations in their backyards, or those who argue that less amenity 
would be sacrificed if they were put elsewhere, but the general 
questions of whether nuclear power in countries such as Britain 
is economically necessary and whether nuclear power as such 
contributes to the proliferation of nuclear weapons and the 
particular questions of whether pressurized water reactors are 
safer and more economical than other kinds of thermal reactors. 
The inspector, having listened to opinions of these questions for 
more than two years, will give his own opinions, which will carry 
what is called ‘‘weight’’ but will otherwise be irrelevant. 


Promise 

The mistake at Sizewell should now be plain. In Britain as in other 
democratic countries, the government consists of an executive 
and a legislature; the one proposes, the other disposes. (In Britain, 
there is a tendency to suppose the first synonymous with the 
whole.) The British government has also (since 1948) owned the 
machines that generate electricity but has delegated their 
operation, maintenance and replacement to the Central Electricity 
Generating Board (together with its congeners in Scotland and 
Northern Ireland), which is supposed to function as a commercial 
organization, earning a return on capital employed, making 
profits and otherwise behaving as if it were a corporation. So 
by what right, the managers of these enterprises may ask, has 
their decision to build nuclear rather than conventional power 





stations been put out to a public inquiry? The answer, that all 
nuclear power stations carry novel risks, and that the risks of 
pressurized-water reactors are literally novel to Britain, justifies 
special treatment but not the proceedings of the past two years. 
And whatever the inspector at Sizewell recommends, it will be 
for the executive to decide whether or not this course of 
development is compatible with public safety — and for the 
legislature to replace the administration if it makes a hash of its. 
decision. So why could this not have been done five years ago, 
when the present British government first came to office with: 
a plan for building nuclear power stations? Because it chose to. 
be bound by its predecessor’s promise that there would be a 
“generic” inquiry into pressurized-water reactors before a single 
one was built. It could, and should, have chosen otherwise. 


Economics 

The miners’ strike is an even more serious matter. The British 
coal industry reached its peak in the 1920s, when close on a million 
miners produced 250 million tons of coal a year. Ever since, the 
industry has been in decline, the victim of geology (thin seams,- 
for example) and economic competition, latterly from oil. While | 
productivity has increased steadily over the decades, there have - 
been several occasions when the labour force has been too small 
to match demand for coal, but more recently there has been a 
surplus. The issue underlying the strike has been the nationalized 
coal industry’s ambition to concentrate production on economic 
pits and to reduce total production (by some four per cent). For 
practical purposes, the industry has only one important customer, 
the nationalized electricity industry (that which wants to build 
a single pressurized-water reactor). So one of the arguments 
between the miners and their employers that have soured the past 
twelve months could have been simply resolved by asking how 
much of present coal production would yield electricity costing 
more than that from a pressurized-water reactor. Another, the 
miners’ insistence that jobs in the mining industry should not be 
lost, is incapable of resolution within a rational economic 
framework and is in any case belied by the historical flight from 
coalmining into more congenial jobs. 

The difficulty, and the most bitter legacy of the past year’s 
strike, is that neither the employers nor the government have been 
sufficiently sensitive to the plight of the mining communities likely 
to be left high and dry by the planned contraction of the industry. 
Britain already has too many of these abandoned communities, 
left over from past contractions, in which the disappearance of 
the major source of employment has been followed by the erosion 
of the social institutions which alone might help people physically 
to escape from an environment that can no longer support them. 
The British government (both halves of it) had better bend its 
mind to the imaginative search for solutions to these problems 
before more social damage is done. 

The urge to celebrate the end of the strike and of the Sizewell 
inquiry by producing another ‘‘fuel policy” should however be 
resisted. During the past half-century, British governments of all 
colours have repeatedly embarked on attempts to foretell the 
future mix of fuels in the energy producing industries. The 
justification has been that forecasts of this kind are the only means 
by which the scale of investment in the nationalized industries 
can be planned most advantageously, which is another way of 





competing demands on public funds by the several still 
nationalized industries. These plans have regularly been falsified 
by changing technology (in energy conservation, for example) as 
well as by the changing economic environment in which countries 
such as Britain operate. The miners’ strike has been marked by 
frequent references to a document called Plan for Coal, agreed 
in mid-1974 between the government, the industry and the trades 
unions as a prospectus for at least the following decade. Like 
other attempts to plan for an unpredictable future, Plan for Coal 
now seems like an attempt to make water run uphill. The intention 
then was that coal production should be at least 135 million tonnes 
by now (1985), well in excess of the 120 million tons of coal from 
all sources that over-saturated the market in 1982-83. The 
government’s difficulty is that the plan is considered by the miners 
as a kind of treaty, for that is how it was arrived at. 

For the future, there is only one viable fuel policy for Britain, 
that people’s use of alternative fuels should be decided in the 
marketplace. Much of the peculiarly British difficulty is that the 
marketplace is dominated by public monopolies, the coal industry 
itself but also its chief customers. While there is no reason to 
suspect that these industries neglect the quasi-commercial ground- 
rules laid down by the government, the rules are more like abstract 
approximations to commercial reality than commercial realities 
themselves. The rate of interest paid on capital costs, whether 
of nuclear power stations or new coal mines, are settled by the 
British Treasury, not by the cautious lenders inhabiting bond- 
markets elsewhere. Similarly, profit targets are notional, and are 
not determined by the hurly-burly of real bargaining between 
sellers and buyers. What the British government needs is a better 
set of approximations to commercial reality, for which reason 
regulation of the import or export of fuels should be abandoned. 
Allowing or even encouraging the production of both coal and 
electricity outside the frameworks of the nationalized industries 
would also help. Selling off the coal industry, or parts of it, to 
private industry would further help to engender economic realism, 
but might also be the trigger for another strike. Ci 


Anglo-Americanisms 


Mrs Margaret Thatcher seems unusually to have 


been holding her tongue last week in Washington. 


Mrs Margaret Thatcher’s visit to Washington last week seems 
to have been as prone to misunderstanding as most other 
occasions when straight talk is compromised by politeness. 
Nobody except the two people concerned can know what the 
British prime minister said privately to President Reagan, but 
there are at least two respects in which her message to the US 
Congress differed from what her constituents would have had 
her say. Both on star wars, otherwise known as the Strategic 
Defense Initiative, and on the relationship between the European 
and the US economies, Mrs Thatcher pulled her punches. Here 
is what she should have said. 

First, on star wars, Mrs Thatcher passed up a splendid 
opportunity for clarifying the British view and, to a lesser extent, 
that of other Western European governments on this important 
issue. The general belief that anything more sophisticated than 
terminal defence in the old-fashioned 1970s version will be 
impractical is as widely shared as in the United States. There is 
nevertheless support for the notion that those who believe a 
layered defence against ballistic missiles is.attainable should be 
given the benefit of the doubt and allowed to put their money 
where their mouths are, but that there can be no serious attempt 
to test such a system, let alone deploy it, without the agreement 
of the Soviet Union, with which the United States signed the Anti- 
Ballistic Missile (ABM) Treaty in 1972. On her return from her 
previous trip to Washington in December, Mrs Thatcher gave 
people to understand that the last point had been established 
during her conversations with the president. Fair play, last week 
she referred again to the need that no system of defence against 
missiles could be installed without negotiation, but failed to win 





might have forced thei issue by making more of her understandi 
of what the US administration intends, making it plainer than 
she did that her support for star wars, like the acquiescence of 
a proportion, probably a minority, of her compatriots, is 
conditional on that. For a woman who prides herself on plain 
talking, this is an awkward ambiguity to have left around. 

The issue is far from being academic. The ABM treaty is based 
on the assumption that strategic stability requires that each 
superpower should continue to be hostage to the other’s nuclear 
forces (and on the subsidiary assumption that building effective 
defences would be ruinously expensive). This is why the treaty 
allowed only the deployment of anti-ballistic missiles around each 
seat of government and one field of land-based rocket launchers. 
While it may be argued (and is in Washington) that, in the past 
decade, strategic missiles have been made more accurate and thus 
capable of tempting one side or the other into a pre-emptive strike 
against the other’s retaliatory force, neither superpower can uni- 
laterally change the rules of the strategic relationship without 
discomfiting the other. All this, no doubt, will be made clear on 
12 March, when the United States and the Soviet Union are due 
to open strategic talks at Geneva. To pretend that the develop- 
ment of star wars is entirely unconstrained by past commitments 
is disingenuous, and can only lead to trouble, perhaps even the 
collapse of this new round of talks. Mrs Thatcher should have 
used the opportunity to make this crystal-clear. 

She might also have talked more openly about the problems 
of the European economies or, as the Europeans see it, about 
the problems of the US economy and the US administration’s 
management thereof. The dramatic strength of the dollar in the 
past year is a surprise, but otherwise merely a proof that people 
outside the United States are more attracted by the health of the 
domestic US economy than they are offended by the size of the 
US external trade deficit. Trading partners of the United States 
could and should live with this imbalance, which has allowed them 
to increase exports (to the United States) and, in the process, to 
see their industries become more competitive. What hurts is not 
the strength of the dollar but the generally high interest rates 
which are a consequence of the huge federal deficit. Europeans 
and others, by lending to the United States, are accumulating 
substantial stakes in the future of US enterprise, while US 
taxpayers will be helping to pay European pensions for many 
years to come, but the high cost of capital is a serious drag on 
the pace of European growth. That is one complaint. 

Two other worries deserved a hearing at last week’s talks, of 
which the most immediate is that the United States cannot, in 
this delicately unbalanced relationship with the rest of the world, 
seriously think of changing the rules of international trade. To 
its credit, the administration has been urging in the past few weeks 
that there should be another round of talks under the general 
rubric of the General Agreement on Tariffs and Trade, but the 
world knows that Congress is awash with special pleading on 
behalf of sections of US industry suffering from the competition 
of foreign goods cheapened by the dollar’s strength. Where better 
to have uttered a warning on this subject than at a joint meeting 
of both houses of the US Congress? 

The more distant but potentially more serious worry is that 
the present imbalance between the United States and Europe may 
one day be unwound catastrophically, by a sudden collapse of 
confidence in the value of dollar investments. While for the time 
being there is hardly a cloud on the horizon, it has quickly been 
forgotten that there have been several occasions in the past few 
years when there has been general alarm about the stability of 
important financial institutions in the United States. Contin- 
ental Illinois, the Chicago bank, collapsed last year because 
of its domestic lending policy, and could have been the first 
in a line of dominoes. But the point at which Europeans and 
others stop lending to the United States will almost certainly be 
determined by an event quite different and, for the time being 
unexpected. That is when the turnaround will come, 
to everybody’s discomfiture. Mrs Thatcher should have made 
that point as well. Ol 













‘` Washington 
OTHE Reagan administration has con- 
sistently refused to seek adequate support 
for research into acquired immune de- 
_ ficiency syndrome (AIDS), according to a 
study by the Congress’s Office of Techno- 
logy Assessment (OTA) released last week. 
While praising the government scientists 





who have carried out much of the research. 


so far on AIDS, the OTA study chastised 
the Department of Health and Human Ser- 
vices for repeatedly rebuffing the recom- 





US administration’s 
parsimony criticized 


such test, but has not announced a firm 
date. In the meantime, criticism of the im- 
pending implementation of the tests, which 
detect antibody to the AIDS virus, is threat- 
ening to boil over. A number of blood- 
bank officials and clinical physicians worry 
about being placed in the impossible posi- 
tion of having to explain to patients the un- 
known significance of a positive test result. 
And homosexual organizations worry that 
test results, especially if they became part 
of a patient’s permanent medical records, 


Tammea 


Internal 
PHS request 


1986 not available 
1985 $91 million 
1984 $60 million 
1983 not available 
1982 - 


Official administration 


Congressional 


request appropriation 
$86 million not available 
$61 million $97 million 
$40 million $61 million 
- $29 million 
z $6 million 


S ne 
Source: Review of the Public Health Services’s response to AIDS, Office of Technology Assessment Technical 


Memorandum OTA-TM-H-24, February 1985. 


mendations of its own Public Health 
Service (PHS) agencies for emergency in- 
creases in AIDS research funds. For the 
past three years, Congress has provided 
additional support in spite of objections 
; from the administration (see table). The 
administration is proposing to hold the 
- AIDS research budget for next year at the 
~ current level of $86 million. 
> The official administration line continues 
to be that the Public Health Service can 
handle the AIDS crisis by shifting funds 
and personnel from other areas. The 
Centers for Disease Control (CDC) have 
cut back work on hepatitis B and sexually- 
transmitted diseases in order to supplement 
research on AIDS, the Food and Drug Ad- 
ministration has cut back work on hepatitis 
vaccine and the National Institutes of 
Health (NIH) have shifted resources mainly 
from cancer research. 

The OTA study points to several indica- 
tors that support remains inadequate, des- 
pite congressional action (based on leaked 
documents showing the original budget 
plans submitted by the PHS agencies) to 
appropriate additional monies: the study 
notes continued rivalries between PHS 
agencies, notably NIH and CDC, for fund- 
ing; recommendations by two National 
Cancer Institute advisory committees that 
support must be increased; and the pri- 
vately voiced opinions of ‘‘numerous’’ 
federal and non-federal scientists that 
current efforts are inadequate. 

The study also criticized the fanfare sur- 
rounding Secretary of Health and Human 
Services Margaret Heckler’s announcement 
last April that the causative agent of AIDS 
had been isolated and that a blood test 
would be.on the market within six months. 
FDA says it will shortly license the first 





could be used as grounds for denying life 
or health insurance or employment; further- 
more, given the high level of exposure to 
the virus among male homosexuals, the 
fear is that employers could use the test 
simply as an indicator of homosexuality. 

The National Gay Task Force has 
recommended that the test be used only for 
screening the blood supply and for clinical 
research; it has urged its members not to 
take the test. Another homosexual rights 
organization, the Lambda Legal Defense 
Fund, is threatening to take FDA to court 





Animal welfare 





Protesters as laboratory animals 


ANIMAL rights groups in Britain seem to 
be making modest headway. Last week, 
Bromley magistrates’ court fined the Royal 
College of Surgeons £250 for causing 
unnecessary suffering to a macaque 
monkey at the college’s Buckston Browne 
Research Establishment. This test case was 
brought by the British Union for the 
Abolition of Vivisection as the direct result 
of a raid on the research farm last summer. 
The monkey in question was severely 
dehydrated because of inadequate venti- 
lation and high temperatures (85-92°F). 
The college plans to appeal. 

Meanwhile, members of the Middlesex 
animal rights group have thrown down a 
challenge for researchers by offering 
themselves as subjects in anti-viral antibody 
testing, usually done with rabbits. The offer 
was made after the group was invited to 
tour the Colindale Public Health 
Laboratory last year, when the laboratory 
was opened to the public in an attempt to 
defuse local panic about work related to 








to halt licensing of the test until ‘ade: 
safeguards” are adopted to prevent misuse. 
FDA last week took some hasty action 
to allay concern by calling a meeting at. 
which the five manufacturers developing 
the tests ‘‘voluntarily”’ waived their pro-» 
prietary rights to confidentiality and 
announced the results of clinical trials tọ ` 
their products. Abbott Laboratories, which 
is considered to have an edge over its com- 
petitors — certainly in production capacity 
— announced that its test accurately. de- 
tected 95 per cent of a group of 119 
diagnosed AIDS patients; when tested on 
17,000 random blood donors, 99.8 per cent 
came up negative. That rate is within the 
range that might plausibly be expected for 
the general public. ; 
FDA also announced that it is sending- 
out a letter to 500,000 physicians inthe © 
United States warning that the test’s pri- 
mary purpose is screening the blood supply 
and that it is not a test for AIDS but only 
for antibody to AIDS, which may mean. 
any number of things; that the patient will 
develop AIDS in a few years, that he is 
asymptomatically carrying the virus but will 
never become ill; and that the test has sig- 
nificant limitations when applied outside a 
research setting to asymptomatic persons: 
— where the false-positive problem most. 
noticeably manifests itself. : 
Once the test is licensed, however, FDA 
is powerless to limit its use by physicians. 
Meanwhile, the statistics on AIDS inci- 
dence continue to mount. CDC now list 
8,500 reported cases of AIDS; given the 
delays in reporting, CDC estimate that as 
many as 1,700 additional cases may already 
have been diagnosed and will be reported © 
within the next three months. The number 
of cases is expected to double by the end 
of the year. Stephen Budiansky 
































































Lassa fever. The laboratory has refused to 
perform the antibody testing experiments 
on human subjects because they would be- 
unethical, unsafe, impractical and of 
limited scientific use. 

Mr Peter Georghiades, representing the | 
animal rights group, wants to discuss the 
offer further with the laboratory and to 
investigate other projects that could involve 
human volunteers. In the face of 
Colindale’s refusal, the group plans to 
inform the Minister of Health of the offer. 

Animal rights groups are unconvinced 
about government legislation on animal 
experiments. A Home Office white paper 
(policy document), supplementary to that 
produced in 1983 (see Nature, 303, 191; 
1983), will be published ‘‘before Easter’’. 
It will propose stricter guidelines on the in- 
fliction of pain and suffering, but in Mr 
Georghiades’ view, will not go far enough. 
Non-scientists should have more control 
over the experiments that scientists may. 
perform, he believes. Maxine Clarke 
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Broadening the base for PhDs 


ARE French universities in danger of be- 
coming second-rate? Is French socialism 
driving an even deeper wedge between the 
universities and the elite grandes écoles, so 
increasing social divisions? Those are the 
fears of many university staff in France, 
who dread among other proposals of the 
present government the suggestion that the 
grandes écoles should be able to grant 
PhDs. 

The one thing that has given the univer- 
sities an edge over the grandes écoles, and 
a degree of pride, is that the former are, 
by and large, the only places to do research. 
Although the grandes écoles (engineering 
schools which are a legacy of Napoleon) 
train the cream of the French administra- 
tion and business communities, and al- 
though competition for places in them 


< dominates French education from primary 


schools upwards, they have until recently 
been content to leave research mostly to the 
universities. 

But the present administration has been 
encouraging more grandes écoles to carry 
out research, like the military Ecole Poly- 
technique which already does important re- 
search in mathematics and physics (and 
which has recently entered biology). And 
now consideration is being given to allow- 
ing them to grant the new PhD research de- 
gree, a right won only this academic year 
by the universities as a replacement for their 
unwieldy troisiéme cycle and d’état degrees. 

If the grandes écoles are able to award 
PhDs, some university staff argue, they will 
cream off all the best research students, 
leaving the university system, which is open 
to all comers, badly depleted. 

The government’s arguments are, how- 
ever, pragmatic and clear. The grandes 
écoles are so well established in French 
society that they cannot be destroyed. And 
- while they are training the French elite, it 

is better that they should train them in 
research. The French administration 
considers that one of the principal 
weaknesses of French industry is a lack of 
research experience at higher management 
levels. But there is a tendency among the 
grandes écoles students to despise the 
universities. 

“The number of people in industry with 
research degrees is ridiculously low’’, says 
Bernard Descompes, director of research 
at the ministry of education. ‘‘Only 5 per 
cent of graduates (ingénieurs) of grandes 
écoles try to get doctorates, mostly in uni- 

.versities.’’ That is 500 people out of an out- 
put of some 12,000 grandes écoles 
graduates a year, and of these only 100 end 
up in industrial laboratories, Descompes 
estimates. 

“The best solution would be for the two 
sectors to set up cooperative research and 
teaching’’, says Descompes, ‘‘but the two 
systems won't join.” The grandes écoles 
and universities seem like oil and water. 


Thus the possible solution arises, to let 
the grandes écoles themselves grant PhDs. 
Grandes écoles such as those at Grenoble, 
Nancy and Toulouse that already have ten- 
dencies in that direction would be develop- 
ed as technical universities. 

M. Jean-Pierre Chevénement, leader of 
the Ceres left-wing faction of the socialist 
party and currently minister of education, 
seems to have no objection to such a develop- 
ment. M. Chevénement has recently given 


-French a new term, “‘élitism republicain 


It means, essentially, ‘‘to each according 
to his or her ability”, whatever a person’s 
social class. Chevènement has no wish to 
remove the grandes écoles: his logic is to 
strengthen them, but to remove social bar- 
riers to entry. But the grandes écoles are 
small institutions (there are a million 
students in French universities, twenty 
times the number at grandes écoles). If the 
grandes écoles cream off the best one- 
twentieth of research at French universities, 
will French science die or will it be invigo- 
rated? The experiment may be interesting. 

Robert Walgate 





US scholarships 


Scholarship diplomacy booms 


Washington 

DESPITE proposed cutbacks in financial 
support for domestic students, assistance 
for foreign nationals studying and training 
in the United States is to be sharply in- 
creased. The contrast is in part explained 
by the circumstances that, according to one 
count, 33 heads of state and 450 cabinet 
ministers worldwide have at some time 
studied in the United States. The long-term 
influence of this ‘‘scholarship diplomacy” 
is reckoned to be considerable. Scholar- 
ships for students from developing countries 
offered by the Agency for International 
Development (AID) will increase by 50 per 
cent next year, to 15,000, and the US In- 
formation Agency will have doubled funds 
for its Fulbright grants for visiting students 
and scholars over the past four years. And 
there is probably still more to come. 

A resurgence of congressional interest in 
assistance programmes for foreign students 
seems to have halted a long period of de- 
cline. While Soviet bloc educational pro- 
grammes (excluding Cuba) tripled beween 
1972 and 1982, US scholarships declined by 
over 50 per cent over the same period. The 
executive branch, which tried to make fur- 
ther cutbacks in foreign student assistance 
during President Reagan’s first term, now 
seems persuaded of their value. 

Announcing the expanded AID pro- 
gramme, the agency’s administrator, Peter 
McPherson, noted that in 1982 there were 
seven Soviet bloc scholarships for every one 
in the United States. The new AID effort 
will therefore be directed selectively at 
politically sensitive regions, particularly at 
disadvantaged students in Central America. 
Eventually, it is hoped that AID and the 
Information Agency could bring 10,000 
Central American students to the United 
States each year. 

The expansion of the AID participation 
training programme has been achieved 
largely by slimming down the agency’s 
administration. The programme supports 
students in both training and ‘‘academic’”’ 
courses. In 1983, 45 per cent of recipients 
were classed as taking academic courses. 
Over 60 per cent of students come from 
Africa and the Middle East. The new 





expansion will for the first time allow the 
agency to support students on undergra- 
duate courses, as well as the traditional 
training and postgraduate courses. The 
main focus will remain on development, 
however. There are also plans for collabo- 
ration with industry and universities, some 
of which reduce tuition fees for deserving 
cases. 

The US Information Agency’s Fulbright 
programme has benefited from the 1982 
Pell amendment, which required a doubling 
of the Fulbright budget over four years. 
This target is likely to be met. The number 
of visiting students and scholars has now 


He can never 
forget Horvard. 
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reached the 2,000 mark after sinking to 
fewer than 1,500 a few years ago. Another 
award scheme run by the information 
agency chiefly for mid-career professionals, 
the Humphrey Fellowship scheme, is also 
now being expanded. 

The outlook for foreign students in the 
United States is not so rosy for the great 
majority who are paying their own way, 
however. The high value of the dollar is 
being blamed for a marked slowing of the 
annual growth in numbers of foreign stu- 
dents. Tuition fees and living expenses 
commonly exceed $20,000 a year, There is 
concern in some quarters that US acade- 
mic institutions could be severely affected 
if foreign graduate students, in particular, 
stop coming. In many institutions, more 
than half of postgraduate students are 
foreigners, and they constitute an essential 
talent pool for faculty recruitment. 

Tim Beardsley 











“Brussels 
BELGIAN scientists Guy Brasseur and A. 
de Rudder, of the Belgian Institute for 
“Space Aeronomy, claim that the threat 
posed to the ozone layer by the release of 
chlorofluorocarbons (CFCs) from aerosols 
is “distant” and ‘‘that time can be allowed 
without risk for further scientific evalua- 
tion of theory’’. The result of their model 
calculation will strengthen European Com- 
munity opposition to a proposed global ban 
on aerosols propelled by CFCs put forward 
by the United States at a meeting of the 
United Nations Environmental Programme 
on the ozone convention in Geneva at the 
end of January. 

One distinctive feature of their calcula- 
tions is that they have taken account of the 
probable growth of emission of gases other 
than CFCs that act as ozone buffers (0.5 
per cent a year carbon dioxide, 1.0 per cent 
a year methane and 0.2 per cent nitrogen 
oxides). They have calculated the effect on 
ozone perturbation of constant CFC emis- 
sions, a global phase-out of CFCs in aero- 
sols over four years with a 3 per cent 
growth rate in emissions from other uses 
until 1997 and the same scenario but with 
an indefinite 3 per cent growth rate. 

According to their calculations, ozone 
depletion will occur only in the case that 
CFC emissions grow by 3 per cent a year 
‚after an aerosol ban, and would not happen 
before the year 2034, But the imposition 
¿of a production capacity ceiling or ‘‘cap’’, 
coupled with an attempt to limit strato- 
spheric chlorine, would lead to an actual 
increase of total ozone. From this, the two 
scientists have concluded that there is no 
call for an immediate ban which, they say, 
would achieve little over and above the con- 
siderable protection conferred by a produc- 
tion capacity cap. 

Their findings back up present Com- 
munity measures which involve a produc- 
tion capacity cap up to 480,000 tonnes of 
CFCs decided in 1980, corresponding to 
one and a half times the production quan- 
tity at the time, and an agreement among 
member states to reduce the use of CFCs 
as propellants in aerosols by 30 per cent on 
1976 levels, which came into force in 1981. 
According to the European Commission, 
the 36 per cent level was reached in 1984. 

Ministers had also agreed to monitor 
other uses of CFCs, in foam plastics, re- 
frigeration, air conditioning and solvents, 
for which codes of practice have just been 
published by the European Commission. 

The Community’s approach to the prob- 
lem of limiting CFC emissions, which has 
the support of the European chemical in- 
dustry, is not, however, shared by such 
countries as the United States, which says 
the Community’s proposal does not reduce 
emissions in the near term and is ‘‘tanta- 
mount to postponing action’’. It does not 
limit imports of CFCs or products con- 
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taining them, while provisions to exempt 
developing countries, as CFCs become 
more and more essential to their needs, 
will, according to the United States, result 
in undesirable CFC emission levels. The 
United States also maintains that the Com- 
munity’s proposal will entail economic 
penalties once the production cap has been 
reached and the use of other products, for 
which no safe substitutes exist, will have 
to be limited. Among the other uses is air 
conditioning, which is far more common 
in the United States than elsewhere. 

The US Environmental Protection 
Agency (EPA) reckons that strict limits on 
non-essential aerosols (which are estimated 
to account for 36 per cent of total CFC 
emissions) will delay the Community pro- 
duction cap by 13 years and will slow down 
emission. European scientists, on the other 
hand, have calculated that the positive 
effect of a ban on the ozone depletion rate 
as proposed by the United States would 
probably be not more than about 0.2 per 
cent a year. Last month a group of countries 
known as the Toronto Group led by the 
United States presented their draft protocol 
on limiting CFCs which they would like to 
see laid down in the ozone convention due 
to be signed in Vienna in March. 





European ban on frogs? 


Brussels 


MEMBERS of the European Parliament are | 


increasing pressure on the Commission to 
ban imports of frogs’ legs into the Com- 
munity in an attempt to put an end to the 
alleged inhumane methods of slaughter and 
unhygienic conditions in which frogs are 
killed, as they become a more popular 
feature of the European dinner table. 


[ At last—the. Gentifrog! 











Imports of frogs’ legs into the Com- 
munity have been rising steadily over the 
past five years. In 1983, according to the 
European Commission, 6,022 tonnes (the 
equivalent of 15 million frogs) was 
imported, of which 2,517 tonnes came 


from Indonesia, 1,577 tonnes from 
Bangladesh and 1,274 tonnes from India. 
The French are the principal consumers, 




























































computer modelling estimates of ozone 
depletion — depletion was estimated at 
15-20 per cent in 1975 and at 2-4 per cent 
in 1984 — EPA projects remain gloomy. 
They put the new estimates.down to a 
better understanding: of the reactions 
among atmospheric gases but maintain tha 
the increase of such gases as metha 
carbon dioxide) which act agains 
destruction will not be capable of stem: 
ozone depletion due to the considerabl 
growth in CFCs. Unless action is taken 
EPA expects an increase of between 1.4 
and 4.2 per cent in CFC-propelled aerosols 
by 2075. Because of the non-linear relation- 
ship between CFCs and ozone levels, this 
could mean, they say, a 26 per cent deple- 
tion of the ozone layer by that time. 
The proposal, drafted by the United 
States, which banned the use of CFCs in 
aerosols in 1978, concentrates on a major: 
global reduction in the use of CFCs. as 
aerosol propellants. It provides four op- 
tions to achieve this: phasing down the use 
of CFCs by 80 per cent over six years, a 
ban on all non-essential CFC-propelled 
aerosols, a 20 per cent reduction in all CFC 
use and a production capacity cap as well 
as a 70 per cent reduction in aerosols. Any 
of these, it is claimed, could reduce cumu- 
lative emissions of CFCs by 7,600 million 
kilograms by the year 2010. 
Anna Lubinska 


followed by the Benelux countries. 

Apart from the inhumane way in which 
the frogs are killed, there is a risk of 
infection to consumers because of the delay 
between the killing and the packing in ice 
of the frogs’ legs. Frogs are in any case 
natural pest controllers and in particular 
live off insects that may carry such diseases 
as malaria and encephalitis. It is also 
alleged that because so many frogs are 
killed for export to Europe, countries such 
as India are having to import chemical 
pesticides that would not otherwise be 
needed and which actually cost more than 
they receive for the butchered frogs. 

Pesticides may also adversely affect frog 
spawning grounds, thus inhibiting 
population growth, as well as affecting the 
reproduction of birds of prey which 
normally live off rodents. 

The conservationists believe that a ban 
on imports of frogs’ legs into Europe would 
cut suppliers off from their markets and so 
destroy the incentive to hunt the frogs. 
Another possibility is that the edible frogs 
Rana tigerina and Rana hexadecatycla 
should be listed under the Convention on 
International Trade in Endangered Species, 
of which the Community is a signatory. But 
resistance from India, Bangladesh and 
Pakistan is so strong that this proposal may 
not even be tabled when the signatories to 
the convention meet in Buenos Aires in 
April. Anna Lubinska 











France 


BRITAIN’S reaction to the ethical and legal 
questions surrounding in vitro fertilization, 
embryo research, the donorship of sperm 
and ova and surrogate motherhood has 
been a rush to legislate — with or without 
the advice of expert committees. In France, 
the approach, on the face of it, has been 
the opposite — to think first, to continue 
thinking and to leave the legislation until 
later, 

But time is not on the French side. Quite 
apart from the rate of development and 
application of the science, France will be 
taking the lead in a debate later this year 
in the Council of Europe on legislative 
problems raised by the new techniques. So 
the French justice ministry is hastily trying 
to get its legal minds into some kind of 
order, leaving the deliberations of the 
French local and national ethical 
committees, which are attached to the 
ministry of health, to one side, offended 
by justice minister Robert Badinter’s haste. 
The result is a muddle almost equal to that 
in Britain. 

But the French political philosophy, at 
least, is clear enough. According to 
President François Mitterrand, “‘everything 
that touches life itself concerns each one 
of us, and nobody can decide a priori what 
is good or bad for his neighbour”. 

Thus, Mitterrand says, there should be 
` no attempt to leave the judgements to 
“experts’’, as Britain has tried to do, 
perhaps unsuccessfully, with its committee 
on the issues chaired by a philosopher 
(Baroness Warnock). Rather, in France, 
Mitterrand wishes to see a wide public 
debate and public consensus before 
decisions are taken. 

Indeed, Mitterrand even sees France, 
with its logical, philosophical and 
evolutionary history, as the place where 
these issues might first be democratically 
resolved. ‘‘In these domains”, Mitterrand 
said at a conference held by Badinter last 
month, ‘‘France could play again the role 
it played at the end of the eighteenth 
century, when it was necessary to invent 
liberty and democracy.”’ 

All very well, but so far the French 
debate has been, in practice, heavily 
controlled, and experts have been well in 
evidence. The ‘‘national ethical 
committee’, established by the medical 
research council INSERM (although now 
under the ministry of health) under the 
chairmanship of ex-president of the 
academy Professor Jean Bernard, held its 
first “public debate’’ on the issues last 
December. But Bernard is said to have 
dominated. the meeting, and simply 
attempted to assure the public that all was 
well and that the scientists knew what they 
were doing. 

Moreover, earlier last year, the 
committee had issued guidelines for 
embryo research that legal opinion now 


considers useless. According to the 
committee, the use of embryos was 
legitimate if the ends were ‘‘therapeutic, 
diagnostic or scientific’’, but ‘‘the embryo 
must be recognized as a potential human 
being which is or has been living and which 
must be respected in everything’’. 

These statements are contradictory, in 
the opinion of a leading professor of law, 
Michelle Gobert of the University of Paris 
H, who therefore considers that the 
national committee ‘‘has resolved nothing 
in the present state of French law’’. On 
other issues, French law is equally at sea. 
In the case of surrogate motherhood, for 
example, the legitimate father will be the 
husband of the surrogate mother, as French 
law generally assumes the husband of a 
pregnant woman to be the father, and he 
will have to disavow the child under Article 
312 of the Civil Code if another man, such 


as g 
- parenthood. 





In such ways, then, French law is in no 
better state than that of other countries, 
And the debate, so far, is not much more 
advanced. This was perhaps why Badinter’s 
colloquium on ‘‘Genetics, procreation and 
the law” last month brought together many 
experts in law, medicine, sociology, 
psychiatry and biology to present papers — 
Badinter and his colleagues wished to 
“bone up” on the issues. The setting of 
Badinter’s meeting was, however, formal 
— and again there was little debate. Thus 
Mitterrand’s ideal has yet to be realized in 
France. 

The practical question now must be more 
mundane: will the ministry of health (to 
which Jean Bernard’s national ethical 
committee reports) or Badinter’s justice 
ministry (which must make the presentation 
to the Council of Europe) take the lead in 
what seems more and more likely to be just 
a hidden French version of ‘‘expert 
advice’’? Robert Walgate 





Biotechnology 


US speeds scrutiny and consent 


Washington 

AFTER a shaky start, the US Patent and 
Trademark Office is moving quickly to 
answer longstanding complaints of in- 
consistent and at times incompetent 
handling of biotechnology patent appli- 
cations. The patent office plans almost to 
double its number of biotechnology patent 
examiners by the end of the year, with the 
aim of reducing the backlog of more than 
2,600 pending applications and cutting the 
processing time from 28 to 18 months. 

The patent office made a major change 
last year in the way it handles bio- 
technology patents when it consolidated its 
biotechnology examiners into a single 
section. Previously, a patent might go to 
the organic chemistry group if it was con- 
sidered to deal mainly with nucleotides, to 
the polymer group if it was judged to be 
about peptides or to a third group if was 
about fermentation products. These groups 
have now all been incorporated into group 
120, which covers pharmaceuticals 
generally. Group 120 is now receiving 
virtually all applications involving genetic 
engineering and 90 per cent of the appli- 
cations dealing with any aspect of what can 
be broadly defined as biotechnology. The 
number of biotechnology patent examiners 
will increase from 26 now to 40 by the end 
of the year. The number within that total 
dealing with genetic engineering will rise 
from 15 or so at present to 20. 

Rene Tegtmeyer, assistant commissioner 
for patents, acknowledges the criticism that 
many of the older senior examiners who 
handled the first biotechnology appli- 
cations did not know the technology. But 
Tegtmeyer claims that the problem is being 
solved by bringing in new blood, increasing 
in-house training programmes and 








improving the patent office’s information 
resources. These now include all commer- 
cial databases as well as Georgetown 
University’s semi-private database. 
Patent attorneys practising in the bio- 
technology areas agree that these are steps 
in the right direction. But one leading 
genetic engineering patent attorney notes 
that inconsistencies persist because of the 
gulf between the senior examiners, who are 
well versed in patent law and patent-office 
procedures but deficient in technical 
expertise, and the newly hired examiners 
who understand the science but not the law. 
The inconsistencies have highlighted two 
major issues — the scope of and the dis- 
closure requirements for patents. At the 
outset, the patent office was approving very 
broad patents in genetic engineering, of 
which the best known is the Cohen-Boyer 
patent covering the basic procedure for 
inserting foreign DNA into a bacterium 
using a plasmid vector. The patent office 
is now, patent attorneys say, going to the 
other extreme, and rejecting many broad 
claims. The attorneys say it will be some 
time before a proper balance is attained. 
The issue of disclosure requirements has 
likewise swung to and fro. Some appli- 
cations have been approved without the 
applicant having made a deposit of key 
starting material in a publicly accessible 
culture depository, such as the American 
Type Culture Collection. More recently, 
others have been rejected on these grounds. 
Several cases now pending before the board 
of patent appeals may settle this issue. 
Despite the complaints, the US patent 
office appears to be well ahead of both 
Japan and Europe in dealing with the flood 
of new biotechnology applications. 
Stephen Budiansky 












goslav science 


‘Discontent in abundance 


A SWINGEING indictment of the implemen- 
tation of Yugoslav.science policy over the 
past few years emerged from a federal con- 
ference of the Socialist Alliance of Work- 
ing People of Yugoslavia, held earlier this 
month in Belgrade. Although the persistent 

“and worsening economic crisis can be blam- 
ed for some deficiencies, the conference 
was told that. the main problem is that 
Yugoslav: decision makers.and society at 
large undervalue science, in spite of official 
pronouncements to the contrary. 

Unless there is a radical change of this 
attitude, warned Academician Branislav’ 
Soskic, the leading Belgrade economist who 
opened the conference, ‘the “‘exciting 
developments of world science and of the 
scientific-technological revolution’’ would 
bypass Yugoslavia. Science, he urged, must 
be funded not as de facto social expenditure 
but as a ‘paramount | and decisive pro- 
ductive force”. 

Because of the economic crisis, Yugoslav 
science spending fell from 1.07 per cent of 
the national income in 1978 to 0.91 per cent 
in 1983. Yet limited resources are often 
wasted. Lack of coordination means that 
‘research projects and expensive equipment 
are duplicated. Moreover, the number of 
foreign licences and patents purchased each 
year continues to increase, in spite of the 
directives of the Third Congress of Self- 

. Management in 1981, which called for the 

development of an indigenous base of 

science.and: technical know-how. 

‘Yugoslavia has, numerically at least, a 

‘considerable scientific work-force. There 

are more than 830,000 engineers and tech- 
nicians and some 26,000 researchers work- 
ing in 850 institutes, 20 universities and 
eight academies of sciences (one for each 
constituent republic and autonomous pro- 
vince). According to Dr Branko Zezelj of 
the Federal Institute of Civil Engineering, 
the ‘‘knowledge and ability” of these peo- 
ple is grossly underrated, and they are pro- 

¿vided with neither moral encouragement 

nor proper material incentives. 

Other speakers at the conference, how- 
ever, took a less rosy view, saying that 
because there is no ‘‘sound and construc- 
tive” criticism of scientists’ work and 
qualifications, research support frequent- 
ly goes not to those with “proven 
references” but to those who can “spin an 
attractive yarn” 

Self-management procedures in appoin- 
ting and reappointing the heads of research 
teams frequently become a cover for 
“negative selection’’ and the “‘fostering of 
mediocrity’’. Too often, therefore, compe- 
tent scientists are driven into a triple brain- 
drain; from the underdeveloped areas into 
the cities, from science into more remuner- 
ative occupations and out of Yugoslavia 
altogether. 

Even the most enthusiastic advocates of 
indigenous know-how would not suggest 












that Yugoslav science and technology 
should become entirely self-sufficient. 
What they want is a more discriminating 
attitude to foreign achievements and pro- 
ducts and the provision of “timely and 
selective” information about what is going 
on abroad. 

On domestic research, failing increased 
funds, the conference decided that steps 
should be taken to deploy existing resources 
in as rational and careful a manner as possi- 
ble. Duplication should be eliminated and 
there should be closer integration between 
higher education and the ‘tindependent”’ 
research institutions which enjoy the lion’s 
share of resources. The conference also 
agreed that there should be a coordinated 
policy for science and technological 
development in each republic and auto- 
nomous province, while one speaker even 
called for a Federal Committee for Science, 
Technology and Information Science. In 
the most balkanized of all Balkan coun- 
tries, this is brave talk indeed. 


Vera Rich ! 


French publishing 


Tunguska observed 





Dr P.W. Francis of the Open University. 
has drawn attention to the following letter 
which in appeared in The Times (London) — 
on 3 July 1908, three days after the 
Tunguska event in Siberia at 7.14 a.m. on 
30 June. 


CURIOUS SUN EFFECTS AT NIGHT 





TO THE EDITOR OF THE TIMES 


Sir,— Struck with the unusual brightness of the: 
heavens, the band of golfers staying here strolled towards 
the links at 11 o'clock last evening in order that they 
might obtain an uninterrupted view of the phenomenon. 
Looking northwards across the sea they found that the. 
sky had the appearance of a dying sunset of exquisite 
beauty. This not only lasted but actually grew both in 
extent and intensity till 2.30 this morning, when driving 
clouds from the East obliterated the gorgeous colourin; 
I myself was aroused from sleep at 1.15, and so strong: 
was the light at this hour that I could read a book by it 
in my chamber quite comfortably. At 1.45 the whole sky, 
N. and N.E., was a delicate salmon pink, and the birds. 
began their matutinal song. No doubt others will have 
noticed this phenomenon, but as Brancaster ‘holds an 
almost unique position in facing north to the sea, we who. 
are staying here had the best possible view of it, |” 
Yours faithfully, 
HOLCOMBE INGLEBY. 
Dormy House Club, Brancaster, July 1. 





CNRS enters the market 


THE major French research council, the 
Centre National de la Recherche Scientifi- 
que (CNRS), is to set up a publishing 
company ‘‘along the lines of Cambridge 
University Press’’, according to CNRS 
director Pierre Papon. 

The company will begin with only a tiny 
capitalization (FF3 million, or £300,000) 
and a staff of 20, and will be based on an 
existing non-commercial (and loss-making) 
publishing administration within CNRS, 
Les Editions du CNRS. Papon hopes in the 
long run that the new company will make 
profits that could be fed back to benefit 
research, although the main objective is to 
improve French education in the sciences. 

The existing Editions du CNRS selects 
texts only on academic merit, thus acting 
as a service to those CNRS researchers, 
mostly in the humanities, who publish their 
research work through books. Some 70 per 
cent of current CNRS titles are on 
humanities subjects. Occasionally, more by 
chance than design, the books are of 
general interest — such as a recent study 
of French foreign affairs and the Corps 
Diplomatique. This was well received by 
the Paris newspaper Le Monde and seems 
likely to reach a wide readership even when 
published at a price of some FF300 (£30) 
a volume, but such cases are rare. 

Thus, according to Papon, CNRS, with 
a few exceptions, at present has ‘‘no 
editorial policy’? — by which he means in 
effect no commercial policy. The new 
company, dubbed Les Presses du CNRS, 
will be different. 

“CNRS has two publishing goals’’, says 





Papon. One is to publish ‘‘scientific tools”? 
of very limited, specialist readership, as at 
present. That will continue. But “we think. 
we should also have good books, ‘not 
novels, but broader scientific and technical 
books like those published by Cambridge 
University Press, Massachusetts Institute of 
Technology Press and so on”. 

This second broader objective cannot be 
achieved with the present service structure 
of Les Editions and ‘‘we need a commercial 
company’’. Under its relatively recent re- 
constitution, CNRS is free to establish and 
profit from commercial affiliates. Hence 
the new publishing company. 

The new titles will inchide both popular 
works and textbooks. France lacks pub- 
lishers with an interest in engineering, 
materials science and even social sciences, 
says Papon. Students, for example, of 
thermodynamics, nuclear physics and 
statistical mechanics often have to use US 
or British textbooks. 

On the face of it, the market for such 
texts in French is not very great, but anew 
Swiss technical publishing company based 
on the technical high school of Lausanne 
was making a profit on similar books in 
French within two or three years of its 
establishment. Papon has visited the 
company. ‘‘They’re selling three, four, five 
thousand copies of each book” in subjects 
such as informatics and architecture. The 
potential French-speaking market, apart 
from France, includes a small part of 
Switzerland, Belgium, Quebec, French 
Africa and parts of Asia. 

Robert Walgate 





US nuclear power 


Close friends are enemies 


Washington 

THE US Nuclear Regulatory Commission 
(NRC) has failed in its primary responsi- 
` bility as protector of public safety and has 
instead behaved like a promoter of nuclear 
power, according to a document* put out 
by the Union of Concerned Scientists 
(UCS). It accuses NRC of deferring 
important safety issues by labelling them 
as ‘‘generic’’, of hampering public access 
to information and of failing to enforce 
even its own regulations. 

UCS gives numerous examples where 
inadequate enforcement by NRC at an 
early stage of construction of a plant meant 
that changes had to be made later, often 
at enormous expense. The Zimmer Plant 
in Ohio, finally cancelled in 1984 after a 
painful series of investigations and accu- 
- sations of improper conduct, is cited as an 
example of a plant killed by ineffective 
regulation. The Diablo Canyon plant, 
which is now operating, would have been 
in operation much sooner had there not 
been a breakdown in the quality assurance 
programme which caused some seismic 
protection modifications to be carried out 
with reversed blueprints. The list goes on. 

The UCS report also reveals disturbing 
instances of apparent attempts within the 
commission to conceal reviews whose 
results could cast an unfavourable light on 
the commission or its senior staff. A federal 
grand jury is at present investigating 
allegations of criminal misconduct by some 
NRC officials. UCS also describes in- 
stances of NRC’s unwillingness to co- 
operate in congressional investigations 
which have led to complaints by 
congressmen. 

UCS says the delay in considering generic 
safety issues is leading directly to danger 
to public health. Several generic safety 
issues implicated in the Three-Mile Island 
accident, for example, have still not been 
resolved. NRC schedules are described as 
being “among the most flexible” in any 
branch of government. In other cases, 
safety regulations have been revised after 
it became clear that many plants would 
have to shut down temporarily in order to 
comply with regulations. UCS also notes 
that when NRC says a ‘‘generic’’ safety 
issue has been resolved, it means only that 
agreement has been reached on how the 
problem might be tackled. 

UCS has a long history of involvement 
with nuclear safety issues and claims to 
have been instrumental in bringing to light 
safety issues that have later been accepted 
and enforced by NRC. The union’s general 
position is that it believes nuclear power can 
be safely regulated but that NRC has so far 
failed to do this. Despite some evidence of 
a tightening-up of procedures at NRC after 
the 1979 Three-Mile Island accident, the 


maatasa pitti nmnattcnte mete 
* Safety Second: A critical evaluation of the NRC's first decade. 


Union of Concerned Scientists. 


change was short-lived, according to UCS. 
The problem is not the competence of the 
NRC staff, but the attitudes of senior 
management, who set the tone for NRC 
conduct: ‘‘Like bureaucrats everywhere, 
the staff do what they think they are 
expected to do’’, in the words of John 
Pollard, a former NRC engineer who 
defected to UCS in 1976. The senior 
management, many of whom have been 
with the commission since it was formed 
as a spin-off from the Atomic Energy Com- 
mission in 1975, are accused of having too 
close a relationship with the industry. 
The chairman of NRC, Nunzio 
Palladino, has said that while NRC 
welcomes constructive criticism, UCS 
“goes overboard”. He pointed out that 
although UCS accuses it of putting the 
interests of the power industry first, the 
industry accuses it of being adversarial, so 
“we must be doing something right”. 
UCS proposes that NRC should establish 
deadlines for resolution of safety issues, 
and that a new Inspector General should 
be answerable to the President and 
Congress on NRC affairs. An independent 
Nuclear Safety Board is also proposed. 
Despite optimistic assessments of the 


United States from industry groups, the 
fact remains that no new plants have been 
ordered since 1978 and that all plants 
ordered since 1974 on which construction 
had started have been cancelled. Both 
industry and NRC recognize that the 
licensing process has hampered construc- 
tion and are pressing for reform; in 
particular, NRC recently proposed that it 
should be able to issue a combined con- 
struction permit and operating licence for 
standardized plant designs rather than hold 
separate inquiries, as at present. (The UCS 
report notes that holding an operating 
licence hearing when a billion-dollar plant 
has already been built almost guarantees 
the outcome will be approval.) The UCS 
critique agrees that a single decision on a 
proposed plant would be preferable to the 
present system, but insists that the design 
and the site location should be finalized 
before the inquiry is held. According to 
proposed legislation recently sent to 
Congress by NRC, however, the commis- 
sion would be able to approve “‘essentially 
complete’’ designs and to grant site permits 
even if no specific application to build at 
a particular location had been received. But 
that, according to UCS, is a recipe for a 
continuation of the delays and expensive 
alterations that have plagued the industry 
so far. Tim Beardsley 





UK research councils 


Straw in the wind 


THE first resignation from the Natural En- 
vironment Research Council in the wake of 
publication of its corporate plan (Nature 
14 February, p.517) has come about. Pro- 
fessor J.F. Dewey, a geologist from the 
University of Durham, last week announc- 
ed that he had resigned and further embar- 
rassed the council by saying why. The 
council had no comment to make earlier 
this week. 

Dewey’s resignation statement says that 
the publication of the corporate plan 
“brings to a head” long-standing problems 
about the council’s role as the sole source 
of support for the earth sciences in Britain. 
He says there is a general consensus that 
economically important earth sciences are 
being neglected financially, and that the 
trouble is not so much the total budget 
allocation to the research council as the 
diversity of the council’s responsibilities. 

The statement goes on to complain of the 
plight of the British Geological Survey, 
which is said to be ‘‘enmeshed in an in- 
congruous maze”’ of long-term strategic 
research ‘‘which is its proper function’’ and 
short-term contract research, where it has 
to compete with private organizations for 
contracts. Dewey complains that as a 
result, exploration for oil and gas in the 
North Sea has often to be carried out with 
the help of geological maps first made in 
Victorian times. 

Dewey also complains about the pro- 





posal in the council’s corporate plan that 
the direction of research should in future 
be controlled by three senior members of 
the council based at its headquarters. 
Dewey says this is ‘‘a potentially very 
serious concept’ that will generate more 
“showcase” research to the neglect of basic 
science. 

In an unkind cut, Dewey says there is a 
case for transferring support for basic 
research in the earth sciences to the Science 
and Engineering Research Council. ‘‘To 
use the term environmental science” to. 
describe their work suggests an inap- 
propriate lack of rigour. ‘‘The essence of 
my view is that the council should no longer 
be responsible for the earth sciences.”’ 

Dewey’s complaints closely echo others 
now common in the British earth sciences 
community, where the plight of the British 
Geological Survey is regarded as not much 
more serious than the place of geophysical 
techniques. within classical geology. The 
postponement of British participation in 
the revamped International Deep-Sea Drill- 
ing programme at least until October is 
taken as a gloomy portent. 

What can be done about the complaints 
remains to be seen. The Advisory Board for 
the Research Councils is too busy prepar- 
ing financial applications for the year 
beginning in April 1986 to want to interfere 
at this stage, but ministers could change 
events by asking the right questions. © 
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How to tamper 


okyo 





consensus seem to be receding. 


‘number of years spent at primary, junior, 


‘high school, senior high school and univer- 


‘sity respectively) was put in place by a team 
of US experts who spent four weeks in 
Japan at the end of the war. But differences 

<in the two societies have completely altered 
the actual educational process. 

Entrance to state universities, which are 
the most admired, cheapest and most 
sought after, can be caricatured as follows. 
In early spring, national examinations, 
which precede the examinations set by in- 
dividual universities, are held for the 
330,000 applicants for the 97,000 state uni- 
“versity places. Seven subjects are tested in 
ia one-thousand-point multiple-choice 
‘examination; emphasis is on rapid recall 
from a huge store of facts. 
© Surprisingly, results of this test are never 
announced. Instead, the student hurries 
from the examination hall clutching a copy 
of his marksheet and delivers it to a private 
examination company, the biggest of which 
‘will collect marksheets from two-thirds of 
all candidates. The company performs a 
computerized analysis, and puts students’ 
marks together with accumulated data on 
the rankings of individual universities and 
their faculties. The result is an assessment 
of one’s individual position in the hierarchy 
and the probability of one’s being able to 
reach the entrance examination standard of 
any particular university. 

Then comes the difficult bit: deciding 
which university entrance examination to 
try. There is only one chance each year be- 
cause all state universities hold their exam- 
inations on the same day. Marks in the na- 
tional examination will be added to those 
gained in the university examination (in a 
droportion that varies from university to 
aniversity) to give the final score which 
alone determines success or failure. 

Thanks to the computerized analysis, 
nany students simply aim at the best 
college they now know they have a good 
chance of entering. The disadvantages are 
»bvious: considerations of what a young 
erson would really like to study become 
Ost as students choose courses simply to 
natch their marksheet scores, those who 
nter a particular course tend to be of such 





_ Six months into its discussions, Japan’s 
Education Reform Council, set up to plan 
sweeping changes in the education system, 
ds riven with internal strife. First recom- 
mendations to government are due in May 
-or June, but the prospects of a national 


Japan shares with the United States. the 
` feeling that something has gone deeply 
‘wrong with the educational system. But 
‘rather. than indiscipline and falling stan- 
dards, Japan is worried about overzealous- 
_ hess and excessive competition. On the sur- 
face, the two nations’ educational systems 
_are similar, after all the 6-3-3-4 system (the 


with success? 


similar ability that lecturers find them dull 
to teach and the many who aim too high 
have to spend another year cramming for 
a second try. 

Driving this hellish system is the recog- 
nition that the rank of university one enters 
will to a large extent determine one’s suc- 
cess in life. Entrants to the most influential 
universities are virtually assured of entering 
good jobs in top companies or government 
and university life itself is almost a holiday. 

The effect of the examination hell is felt 
right back down the system. Not only do 
students spend hours after school at juku 
(cramming schools) but they also log up the 
highest homework hours in the world. 
These are added to long school hours which 
ensure that a Japanese high-school 
graduate has spent four more ‘“‘years”’ at 
school than his US equivalent. And the 
examination system for senior high-school 
entrance has come to mirror that for 
universities. Before a choice of senior high 
school is made — and there will often be 
ten such schools in any school district of 
a large city — mock entrance examinations 
are taken at private examination schools. 
Analysis of these results once again defines 
one’s position in the hierarchy and what 
school one may hope to enter. 

Of course, the 70 per cent of student, 
who do not go on to university might seem 
immune from all this struggling. But that 
is not actually the case; as high schools are 
unstreamed and orient themselves to 
entrance examinations, less talented 
students tend to be ignored — so much so 
that the 6-3-3 school system is often 
cynically referred to as the 7-5-3 system, 
meaning that only 70 per cent of primary- 
school children, 50 per cent of junior high- 
school and 30 per cent of senior high-school 
children can keep up with the course. 

Reform is not surprisingly a popular 
issue and one that Prime Minister Yasuhiro 
Nakasone has made skilful use of. But so 
far the Education Reform Council 
Nakasone set up (see Nature 308, 677; 
1984) seems bent on proving how difficult 
it is to achieve. The council is split into four 
committees: reform of education for the 
coming century, social education, elemen- 
tary and junior high-school education and 
higher education. The first committee’s 
brief is wide; it is this committee, calling 
for drastic change, that has clashed in 
recent weeks with the fourth committee, 
which is closer to the Ministy of Education, 
Science and Culture (MESC) and wants 
whatever is to be done to be done very 
slowly. Hottest debates have hinged on “‘li- 
beralization’’, a word, it seems, with many 
meanings. At one level it implies what 
everyone agrees is needed, less emphasis on 
standardized scores and more on a stud- 
ent’s individual needs. But for the first 
group, headed by Ministry of International 
Trade and Industry former vice-minister 














Naohira Amaya, it also means “letting 
the vitality of the private sector”, massive 
widening of the regulations for setting up 
schools and colleges so that many more 
private schools can be set up, abolition of 
school catchment areas to allow “freer 
choice’’, making all high schools and 
universities into corporations so that the 
difference between state and private schools 
and universities vanishes, ending of 
centralized textbook selection by MESC.. 
and elimination of national examinations 
for entry into many professions. 

Such strong opposition to these reforms 
has come from the fourth committee, along 
with a panel of former education ministers 
and the teachers’ union (what those in 
favour of the reforms call ‘‘vested inter- 
ests’’) that the word ‘“‘liberalization’’ is to 
be dropped by the first committee; it is to 
be replaced by the less well-defined concept 
of “‘individualization’’ of education. 

Three more concrete suggestions have, 
however, emerged to a better reception: 
that the university year should begin in 
September rather than April to facilitate ex- 
change of students and staff with US and 
European colleges; establishment of one 
and only one common examination for all 
universities, public and private, with fewer 
subjects; and fusing junior and senior high 
schools to remove one stage of competi- 
tion. The fear is, however, that these last 
two measures would simply change the 
form and timing of competition rather than 
reducing its ferocity. 

The real problem is perhaps that in any 
society where academic achievement (or at 
least, university entrance) closely deter- 
mines success later in life — and Japan is 
close to being an absolute meritocracy — 
there is certain to be relentless competition 
in school, But at the same time the clear 
knowledge that it is one’s own measurable 
performance, and not one’s social back- 
ground or anything else, that determines 
one’s fate has given Japan one of its 
greatest strengths: an absence of class con- 
sciousness. The clear understanding that 
everyone has a chance has done much to 
strengthen the unity of Japanese society. 
That feeling is further reinforced by an un- 
willirigness to introduce school streaming, 
for that would mean rejecting some 
members of an established group. 

Japan’s education system, in producing 
high quality through competition, along 
with a sense of equality, may have done 
much to bring about Japan’s economic 
miracle. It is hard to see any government 
greatly changing what has proved so suc- 
cessful, although the Education Council’s 
report in a few months may contain some 
surprises. 

If change comes, it may perhaps do so 
for other reasons: many companies are 
Starting to feel that now Japan is an inter- 
national economic power the products of 
the present education system are not quite 
what they want — a change in their recruit- 
ing procedures would have a very rapid 
effect. Alun Anderson 





























































Aftermath of nuclear war 


Sir — The discussion in Nature over the 
past months (for example Nature 310, 
621; 1983 and 312, 696; 1984) of the 
various models and calculations on the 
possibility of å nuclear winter is pertinent 
and valid. We should like to add two 
points. 

First, it appears that for any one aspect 
of nuclear war aftermath being examined 
in detail — be it adequacy of civil defence, 
food storage or distribution, world 
economy, fate of political and social 
systems and so on — the possibility for 
complete collapse is present in every case, 
and its probability usually appears quite 
large. 

Second, the overly detailed 
examination of minutiae of any one model 
for any oné aspect may serve to deflect 
attention and concern from the primary, 
unavoidable and lasting result of a major 
nuclear war: the death and suffering of 
hundreds of millions of human beings, 
starting milliseconds after the first flash 
and continuing for years and generations. 

PER OFTEDAL 
University of Oslo, JOHN ORMEROD 
Institute of Biology, 
Blindern, 
0315 Oslo 3, Norway 


Sir — We should like to comment on the 
continuing debate over simulation of global 
effects of nuclear war'. John Maddox’s 
criticisms of the ‘‘nuclear winter’’ 
concept? were later heartily endorsed by 
Sherwood Idso*. However, Idso’s 
arguments deprecating simulation 
techniques are grossly misleading for 
readers not acquainted with simulation 
methodology. Objections of a similar 
nature — namely that it is easy to pro- 
gramme in what wants to get out and that 
simulation does not prove anything — are 
also often raised against other studes using 
simulation in non-technical fields. For this 
reason we wish to draw attention to the 
question of what a simulation result in 
these fields can actually do. 

Analysis of this problem for simulation 
of biological systems’ has shown that 
possible outcomes of simulation are: (1) 
survey of missing knowledge, (2) refutation 
of a hypothesis on which the model was 
constructed, (3) quantified (calibrated) 
model representing a more accurate hypo- 
thesis, (4) prognosis estimating future 
development by means of the quantified 
model, (5) verified model having the cha- 
racter of scientific explanation and (6) 
scientific prediction by means of the veri- 
fied model. 

The underlying reasoning holds also for 
the simulation of global effects of nuclear 
war. In this case a complete model verifi- 
cation is inconvenient. The developed 
models of ‘‘nuclear winter’ therefore can- 
not be used for accurate scientific predic- 
tion and applications are limited by the first 





four types of outcome. A final proof de- 
manded by Idso cannot be provided either 
by simulation or by any other means. 

Further elaboration of models may bring 
about refutation, changes, refinement or 
further confirmation of the ‘‘nuclear 
winter” concept, but all this leads to 
enrichment of knowledge which is the aim 
of every scientific endeavour. The positive 
results of Turco et al. consist of testing 
plausibility of hypotheses and compatibility 
of assumptions and above all providing 
inspiration to further investigation, as has 
indeed been the case. 

FRANTISEK HAUSER 
MILAN KOTVA 
Hybrid Computation Laboratory, 
Institute for Social Medicine and 
Organization of Health Services, 

Vitezného února 54, 
121 39 Prague, Czechoslovakia 
. Turco, R.P., Toon, O.B., Ackerman, T.P., Pollack, J.B, & 
Sagan, C. Science 222, 1283-1292 (1983). 
. Maddox, J. Nature 307, 107 (1984), 
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Social Spencerism? 


Sır — The first edition of Nature (I have 
your facsimile) was published on 4 
November 1869, nine months before the 
Franco-Prussian war which led to the poli- 
tical unification of Germany under 
Bismarck and his Kaiser. A new powerful, 
dynamic Germany became a major histori- 
cal force through two world wars until the 
dissolution of Bismarckian unity in 1945 
after Hitler and National Socialism. A 
report of a meeting of German naturalists 
and physicians at Innsbruck in the Tyrol 
prepared for the first edition of Nature by 
Arch. Geikie states: 

What specially struck me was the universal 
sway which the writings of Darwin now exer- 
cise over the German mind. You see it on 
every side, in private conversation, in printed 
papers, in all the many sections into which 
such a meeting as that at Innsbruck divides. 
Darwin’s name is often mentioned, and 
always with the profoundest veneration. But 
even where no allusion is specially made to 
him, nay, even more markedly, where such 
allusion is absent, we see how thoroughly his 
doctrines have permeated the scientific mind 
even in those departments of knowledge, 
which might seem at first sight to be furthest 
from natural history. ‘‘You are still dis- 
cussing in England’’, said a German friend 
to me, ‘“‘whether or not the theory of Darwin 
can be true. We have got a long way beyond 
that here. His theory is now our common 
starting point.” 

Herbert Spencer, a political philosopher, 
sociologist and friend of Darwin, who is 
mentioned several times in Origin of the 
Species, the first edition of which was pro- 
duced in 1859, persuaded Darwin to use the 
term ‘‘struggle for existence’’ in later 





editions! and was to use the Darwinian 


ideas of ‘‘struggle for existence” and “‘sur- 
vival of the fittest’? in promoting his 
theories of laissez-faire capitalism which 
were popular especially in the United States 
of-America until the turn of the century. 
Spencer was to use the authority of the 
great observer and thinker to bolster socio- 
logical concepts unrelated to the biological 
con¢epts of Darwin. 

The confidence trick that Spencer per- 
petrated continues to exist in our history 
books where the Spencerian cuckoo is still 
sitting in the Darwinian nest within the 
arboreal history of ideas where it is known 
as Social Darwinism. When historians refer 
to ‘‘Social Darwinists’’ they mean militar- 
ists, nationalists, imperialists, racists or 
apologists for capitalism, who believe in a 
natural sociological pecking order which 
justified them morally in their use of social, 
economic and political power and force. It 
is my contention that historians are con- 
cealing and confusing issues by the use of 
the term ‘‘Social Darwinism” and if they 
must use a term of like nature they should 
preferably use ‘‘Social Spencerism’’*. 
Even better, let them think up some other 
all-embracing term since the term may be 
their own comparatively recent invention 
anyway!, 

Historians call Adolf Hitler a ‘‘Social 
Darwinist’’}. Hitler was an anti-semite, a 
racialist, a militarist and dictator who was 
unconcerned about human death and suf- 
fering. In this he was like many other men 
and women in history but they are not 
called ‘‘Social Darwinists’’. Hitler and his 
irrationalism are the antithesis of Darwin 
and his rationalism and I object to histori- 
ans taking Darwin’s name in vain. A 
historian of ideas! has challenged those 
who believe that there was a scientific basis 
for National Socialism’ and that the 
popularization of Darwinism within 
Germany in the second half of the nine- 
teenth century was partially to blame for 
the misdirection taken by the German 
nation. 

The Reverend W. Tuckwell’s article 
“Science Teaching in Schools” in the first 
edition of Nature reveals the state of edu- 
cation which preceded the Education Act 
passed by Gladstone in 1870 offering uni- 
versal primary education in England. The 
nineteenth century may therefore be for- 
given for not better understanding 
Darwin’s ideas but now that they are 
understood, the pseudo-scientific and 
inherently anti-intellectual term, Social 
Darwinism, should be discarded. 

JOHN N. BURRY 
31 Hackney Road, 
Hackney 5069, 
South Australia, Australia 
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...a new generation of 
protected nucleosides for 
DNA Synthesis. 


Simple, single-step 
deprotection of synthetic 
olignucleotides! 


Exactly. High yield and rapid 
work up...only with CED 
Phosphoramidites. 


or complete product and technical information, 
contact your local ABN representative or 
all 800-DNA-PURE (in California, 415-652-4466) 


CED-Phosphoramidites"” (B-CyanoEthy! Diisopropyl Phosphoramidites) 
ABN's latest innovation in reagents for DNA Synthesis. B-cyanoethy! 
Substituted for the traditionally used methoxy as the phosphorus protecting 
group in phosphoramidites makes the critical difference 

CED-Phosphoramidites when used in place of standard phosphoramid- 
ites provide the following unique advantages 

@ Thiophenol eliminated for phosphorus deprotection Oligonucleo- 
tides are deprotected and cleaved in one-step with ammonium 
hydroxide 

@ High coupling efficiency (>98%) with short reaction times (<3min) 


@ Direct substitution for standard phosphoramidites with no change in 
reaction conditions 
Realize the advantages of the latest in reagents for DNA Synthesis 
CED Phosphoramidites. ..the most sensible option for DNA Synthesis 
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Uses for ancient eclipse records 


n spite of arguments about the astronomical interpretation of ancient eclipse records, one thing 





WHE sport of wringing information of 
alue in astronomy from historical records 
“yas long since been made respectable. It is 
‘even tempting to wonder whether the pre- 
sent understanding of supernovae would 
¡mave been possible without the Chinese 
record which was recognized, in retrospect, 
to be a first-hand account of the star from 
which the Crab. nebula was formed (but 
avith a pulsating neutron star left over). The 
eality of the Maunder sunspot minimum 
nm the early seventeenth century was 
established (by J. Eddy) by poring over an- 
sient records, this time, to be sure, contem- 
porary astronomical records. 

The use of ancient records of solar and 
unar eclipses is even longer established. 
Robert R. Newton begins an elegant paper 
fon the acceleration of the Earth’s spin 
aGeophys. J. R. astr. Soc. 80,313-328; 
#985) with an account of how Edmund 
Halley concluded from some observations 
of lunar eclipses due to Ptolemy that the 
length of the year had been decreasing. This 
smplied, said Halley, ‘the necessity of the 
world’s coming to an end, and consequent- 
ty that it must have had a beginning, which 
initherto has not been observed in anything 
that has been observed in Nature”. For his 
part, Newton wonders how Halley could 
have come to the conclusion that the Sun 
was accelerating (when in reality, the op- 
posite is the case) and asks a little wistful- 
ly that “if any reader knows the basis on 
which Halley found the Sun is accelerating, 
[l would appreciate hearing of it”. 

Since much of Newton’s own argument 
is concerned with demonstrating the pitfalls 
of using the records of eclipses, he should 
not be so surprised. The potential value of 
ancient eclipse data stems from the fact that 
they provide a nearly exact measurement 
of the relative longitude of the Sun and 
Moon (ideally zero for a solar eclipse and 
[80° for a lunar eclipse) at some distant 
poch. In principle, the only changeable 
:lements in this equation are the rate of the 
Zarth’s rotation on its axis and the angular 
velocity of the Moon, which are both af- 
‘ected by their mutual tidal interaction. In 
yractice, so people have been arguing since 
dalley’s time, it should then be possible to 
‘alculate from ancient eclipse observations 
he deceleration of the Earth’s spin even as 
i function of time. 

«This is precisely what F.R. Stephenson 
ind L.V. Morrison did at the Royal Soc- 
ety’s meeting on rotation in the Solar 
iystem a year ago (Phil.Trans. R. Soc. 
4313, 47; 1984). Their objective, like 












Newton’s now, was to identify the secular 
change, whatever it may be, in the rate of 
the Earth’s rotation. One obvious com- 
plication is that the calculated secular 
deceleration of the Earth’s rotation at- 
tributable to tidal action is a mere 2.4 
milliarc-seconds per century. 

Stephenson and Morrison used a wealth 
of records, ancient and modern, spanning 
almost 2,700 years. The earliest data come 
from Babylonian records, both of solar 
eclipses and the Moon rising while already 
eclipsed, with a modest admixture of 
Chinese information. With the advent of 
telescopes (and accurate timekeeping) in the 
past three centuries, occultations of stars 
by the Moon have become a more accurate 
way of pinning down the data. One of the 
striking features of the data set is the pov- 
erty of the information available for the 
medieval period. 

The mechanics of Stephenson and Mor- 
rison’s analysis is outwardly simple. One 
neat way to describe it is by the difference 
between Universal Time (UT), astronomical 
time measured strictly by the Earth’s rota- 
tion, and Ephemeris Time (ET), the 
smoothed version of UT introduced just 
over thirty years ago to provide a more 
uniform measure of the independent vari- 
able in the dynamics of the Solar System. 

The transformation from one system to 
the other requires that allowance should be 
made for the acceleration of the Moon’s 
longitude, supposed to be entirely the con- 
sequence of tidal interaction, which was 
originally taken to be — 22.44 arc-seconds 
per century (and which Stephenson and 
Morrison think should be 26 in the same 
units, based on observations of the transit 
of Mercury). Then the difference between 
UT and ET at any stage should be a 
measure of the departures of the rate of the 
Earth’s rotation from a fixed value. 

The upshot of the Stephenson and Mor- 
rison analysis seems to be clear — for the 
past millennium, the secular change in the 
length of the day has amounted to 1.4 ms 
per century, but before that, the rate was 
greater, more like 2.4 ms per century. It 
goes without saying that, on the face of 
things, the more ancient records are in 
some ways the most telling — the difference 
between UT and ET increases with the 
square of the time elapsed. 

And of course, the most ancient records 
do not depend on the timekeeping (if any) 
used for making the observations; provid- 
ed that the date of observation is known 
(or can be calculated or inferred), the equa- 











-S certain — the more that can be found, the more useful they will be. 


tions for the motion of the Sun and the 
Moon will suffice to fix the time at which 
an eclipse occurs so long as it is known 
where the event was seen (and so long as 
it can fairly be assumed to have been a total 
eclipse). 

Newton’s argument sets out to discard 
eclipse data that are for one reason or 
another unreliable. He spends more than 
a page of his printed paper demolishing the 
case for using as a datum the eclipse whose 
description is included in a poem by the 
Greek soldier-poet Archilochus, who is 
known to have divided his life between two 
islands in the Aegean. The date is what 
perplexes Newton, who concludes that the 
eclipse described was either that of 6 April, 
647 Bc or that of 15 April nine years later, 
and that a suitable choice of values for the 
acceleration of the Moon’s longitude would 
have made it visible from either island. 
Both Dicke and Lyttleton, Newton says, 
used this eclipse in different connections. 

Newton has some good clean fun at the 
expense of what he calls the “identification 
game” supposed to have been invented by 
Airey more than a century ago, in which 
people have been used to assuming a value 
for the lunar acceleration, using this to 
calculate past eclipses, using eclipse records 
to pick on one and using the result to 
recalculate the lunar acceleration. It is not 
surprising, Newton says, that the answer 
is usually not very different from the start- 
ing value, for the argument is circular. He 
is probably right to insist that such data do 
need careful scrutiny before they are used 
for serious purposes. The merit of his own 
analysis is its use of data such as those 
gathered by the Babylonians for the defini- 
tion of their calendar consisting of meas- 
urements of the angular displacement bet- 
ween the Sun and the Moon at new moon. 

Newton may have overlooked the way in 
which safety can be found in numbers, for 
within the uncertainties his conclusion is 
not sharply different from that of Stephen- 
son and Morrison. Briefly, he concludes 
that the deceleration of the Earth’s spin has 
declined by a factor of about two since 500 
BC. He suggests that geomagnetism may 
provide the explanation. A host of others, 
such as post-glacial isostacy, would fit the 
bill. What stands out is that the ancient 
records, consistent among themselves, still 
have much more weight in estimating the 
secular deceleration of the spin than the 
more accurate modern measurements, 
befogged as they are by the irregular varia- 
tions. John Maddox 





‘Microbiology 





from D.P. Keily 


Two extraordinary new microorganisms 
are described as independent reports in this 
issue of Nature. They are extraordinary not 
only for living in hot acidic mud holes but 
also, and more importantly, for seeming to 
represent a crossroad in the evolution of 
archaebacteria — an ancient line of 
bacteria which is distinct from other 
bacteria (eubacteria) and eukaryotes. 

Karl Stetter and his colleagues have ob- 
tained their archaebacterium from solfa- 
taric craters in Italy. As reported on page 
787, it grows best at pH2 and at 90° C, but 
its outstanding claim on scientific attention 
is its ability to grow either as an aerobic 
autotroph, oxidizing sulphur with the pro- 
duction of sulphuric acid, or as an anae- 
robe, by the reduction of sulphur with 
hydrogen to hydrogen sulphide at very low 
redox potentials. Such metabolic versat- 
ility, alternatively oxidizing or reducing 
sulphur, has never before been reported or 
even thought to exist. 

Many biologists are familiar with the ac- 
tivities of sulphate reducing bacteria (like 
Desulfovibrio) and sulphur-oxidizing 
bacteria (like Thiobacillus), the respective 
activities of which sustain a large part of 
the anaerobic and aerobic phases of the 
global sulphur cycle. While some enzymes 
and reactions in the reduction and oxida- 
tion of sulphur in these two types of 
bacteria are similar, the organisms them- 
selves are physiologically, ecologically and 
phylogenetically very distinct from each 
other. In recent years, two seemingly 
distinct groups of thermophilic archae- 
bacteria have been isolated from very hot 
natural environments. These are the extre- 
mely thermoacidophilic Sulfolobales, 
which can synthesize their organic require- 
ments from inorganic precursors, obtain- 
ing energy from the aerobic oxidation of 
elemental sulphur even at pH 1.0, and the 
Thermoproteales, which grow at higher pH 
under anaerobic conditions and obtain 
energy from the oxidation of hydrogen 
coupled to the reduction of elemental 
sulphur to hydrogen sulphide. Although it 
has been reported that the anaerobic ox- 
idation of sulphur is coupled to molybdate 
reduction in Sulfolobus brierleyi, it has not 
been considered that there might be any 
physiological ‘overlap’ between the ac- 
tivities of the sulphur-oxidizing Sulfolobus 
and the sulphur-reducing Thermoproteus 
species. 

The isolation by Stetter’s group of an 
organism that readily switches between 
such extremely different biochemical and 
physicochemical conditions for growth has 
many implications in biochemistry and 
phylogeny. By various means Stetter and 
his colleagues have proved that the switch 
is a phenotypic adaptation of the whole 


Crossroads for archaebacteria 


population and not a result of multiplica- 
tion of selected individuals within the 
cultures. By the criterion of DNA hybridi- 
zation, the genomes of cultures growing 
anaerobically and aerobically are identical 
but are not significantly similar to the 
genomes of conceivably related bacteria, 
such as Sulfolobus brierleyi. 

If one takes the view that the evolu- 
tionary sequence was from anaerobic sul- 
phur-reducing energy conservation (as seen 
in present day Thermoproteales) to aerobic 
sulphur-oxidizing processes (as in the 
Sulfolobales) following the appearance of 
the oxygen atmosphere, then the new 
organisms represent a relict of the branch 
point in evolution from which the two ex- 
tant groups arose. The metabolic versatili- 
ty and complexity of the newly discovered 
organism is such that it cannot be regard- 
ed as a metabolically ‘primitive’ ancestor 
of the modern day Sulfolobales. Indeed, it 


-could well represent an evoluti 





from the Thermoproteales that is parall 
to that of Sulfolobales. 

The bacterium described by Wolfrar 
Zillig and his colleagues on page 789 com 
from a solfatara in Iceland which als 
yielded Thermoproteus in the enrichmei 
cultures. It is similar to Stetter’s, growir 
best at pH 2.5 and 85°C. The most excitir 
observation so far from this strain is thi 
although its DNA-dependent RNA pol; 
merases are identical whether it is growin 
aerobically or anaerobically, there ai 
electrophoretic differences in the cellule 
proteins and a plasmid of 7,700 base paii 
seems to be amplified five-fold durin 
anaerobic sulphur-reducing growth. 

The discovery of these remarkably ve: 
satile archaebacteria may thus have provic 
ed material not only for comparatis 
biochemistry and phylogeny, but also fc 
the development of a cloning vector t 
study information transfer and metabol: 
regulation in the Sulfolobales. E 
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Macroevolution 


The Red Queen 


from Michael J. Benton 


VAN Valen’s Red Queen hypothesis ! has 
attracted a great deal of interest since it was 
first proposed, and it has also been the 
subject of some controversy. Hitherto, dis- 
cussions of the validity of the Red Queen 
have often been rather inconclusive because 
of the lack of an adequate test of the hypo- 
thesis. Now, Stenseth and Maynard Smith ? 
have proposed a test, and two groups have 
already attempted to apply it4. 

The Red Queen hypothesis was based on 
the observation that, within any particular 
group of organisms, the probability of the 
extinction of any species or other taxon is 
constant through time (the Law of Con- 
stant Extinction). Thus, a species might dis- 
appear at any time, irrespective of how long 
that species has existed. Van Valen’s ex- 
planation for this observation is that the 
various species within a community main- 
tain constant relationships relative to each 
other, but that these interactions are con- 
stantly evolving. Thus, the antelope evolves 
greater speed in order to escape from the 
lion, but the lion evolves greater speed in 
order to catch its dinner, and so the status 
quo is maintained. Or, as the Red Queen 
put it in Lewis Carroll’s Through the 
Looking Glass, ‘‘Now here, you see, it 
takes all the running you can do, to keep 
in the same place’’. Thus, species evolve 
continuously as a result of biotic inter- 
actions, and changes in the physical en- 
vironment are not needed in order to propel 
evolution. 








put to the test 


Several authors have questioned whethe 
the Red Queen hypothesis is the only ex 
planation of the Law of Constant Extinc 
tions °°, There certainly seems to be. 
paradox if we consider that organisms ma’ 
be continuously evolving and adapting, ye 
this process does not improve their overal 
chances of survival: the probability o 
extinction is independent of the age of ; 
species, 

Stenseth and Maynard Smith ? contras 
the Red Queen model, in which evolutioi 
is driven principally by biotic interactions 
with a Stationary model, in which evolutior 
is driven mainly by abiotic factors (fo 
example, climatic change, or topographi 
change). The Stationary model is probabt 
in better accord with traditional assump 
tions about evolution, and it predicts tha 
evolution will cease in the absence o 
changes in abiotic parameters. Translate: 
into practical terms, the two models shoul 
give quite different patterns of species evo 
lution, and Stenseth and Maynard Smitl 
suggest that an examination of the fossi 
record might provide a resolution betwee) 
the two. The Red Queen model predict, 
constant rates of speciation, extinction ark 
phyletic evolution in ecosystems, even whei 
they are at equilibrium diversity, wherea 
the Stationary model predicts zero rates o 
evolution at equilibrium, interrupted b: 
bursts of evolution, extinction and speci 
ation in response to changes in the physica 
environment (see top pair of figures). 
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: “Predictions of the Red Queen and Stationary models for 
“species, survivorship in constant (a,b) and periodically- 
disturbed (c,d) environments. Modified from ref.3. 





“for the St 


ary model. 
Over the past 22 Myr, the 
diversity of planktonic 
organisations has changed 
sharply at times that 
correspond to evironmental 
changes. 

There are, however, 
several problems in applying 
these kinds of test. One 
problem concerns the diffi- 
culty of separating biotic 
from abiotic factors in order 
to assess their relative 
significance: it is probably 
impossible to pigeonhole 
both kinds of phenomena as 
independent factors. 
Second, in: many real 
Situations the test would be 
inconclusive. For example, it 
would be hard to distinguish 
the two predicted patterns if 
both curves were stepped as 
a result of rapid changes in 
the physical environment. At 
the other extreme, con- 
tinuous small changes in 












The main problem in applying the 
woalaeontological test is to find an example 
k which no environmental change has 
_occurred. Because such an example would 
ibe hard to demonstrate (if, indeed, one 
exists), Hoffman and Kitchell? have 
allowed for the effects of .a periodically 
disturbed environment in their application 
of the test by modifying the simple 

jredicted patterns (see bottom pair of 
Figures). The patterns are still distinctive: 
ithe Red Queen model gives an 
vapproximately straight line, while the 
‘Stationary model gives a distinctly stepped 
pattern, Their test uses data from detailed 
sampling of microfossils (coccoliths, fora- 
@minifera, radiolaria, diatoms, and others) 
from 111 deep-sea boreholes that sample 
ithe past 50 million years of sediments on 
ithe Pacific sea floor. The simple speciation 
wand extinction curves obtained from these 
data are more or less smooth, rather than 
‘stepped, and so seem to support the Red 
Queen. An analysis of the cumulative 
wappearance of new species also gives gen- 
ral support to the Red Queen although 
‘there is some evidence of stepping. 

Further analysis shows there to be con- 
isiderable variation in the probability of 
extinction over geological time: for ex- 
sample, there seem to have been particular 

eriods in which all the microfossil groups 
Pad high extinction rates. These indicate 
plankton extinction events which would 
mormally be attributed to sharp changes in 
the environment. When Hoffman and 
iKitchell make allowance for these events, 
ithe various analyses again point to the 
walidity of the Red Queen model. On the 
other hand, Wei and Kennett*, who have 
also used the planktonic record as a test, 
wegard their own results as weak evidence 








environmental conditions 
might give similar gently 
sloping graphs for both models. Another 
problem concerns the assumption that 
species diversity reaches an equilibrium 
level, where speciation rate equals 








Planetary science 


Volcanic sulphur flows on Io 


from Michael H. Carr 


ON PAGE 778 of this issue, J.A. Naranjo 
describes the flow of molten sulphur at 
Lastarria volcanco in Chile! and sulphur 
, flow on the flanks of Mauna Loa in Hawaii 
has also recently been described?. Al- 
though it is common to find sulphur in 
volcanic fumes, sulphur flows are rare on 
Earth and are of special interest for under- 
standing volcanic activity on Io, innermost 
of Jupiter’s four large satellites. Sulphur 
seems to play a prominent role in the in- 
tense volcanic activity of Io, but precisely 
how prominent is the subject of current 
debate. 

Io is by far the most volcanically-active 
body in the Solar System. Its largest 
volcano, Loki, has been dissipating energy 
at a rate of over 10 watts over the past 
few years?, equivalent to the Earth’s total 
rate of loss of heat. Tidal energy drives Io’s 
volcanism. Because of a resonance of its 
orbital motions with those of the other 
large jovian satellites, lo has an eccentric 
orbit, which results in changes in the sizes 
of the tides raised on its surface. The theory 
that this continuous flexure generates fric- 
tional heat, which could drive volcanism, 
was suggested just before the discovery of 
Io’s volcanism during the Voyager encoun- 
ters‘. The original suggestion was that all 





extinction rate. The pc 
equilibrium models also has to be 
considered. 

The debate between the two models 
should not be confused with that. between 
gradualism and punctuated equilibrium, 
The Red Queen hypothesis is often seen as 
a gradualist interpretation of evolution, but- 
neither viewpoint implies the other. The 
question of whether evolution is driven 
mainly by biotic interactions or by the ao 
physical environment is of great. impòrt- 
ance to all evolutionists and we may hope. 
to see a great deal of palaeontological work 
in the next few years that addresses: this 
problem. It is important to know if the Red 
Queen or the Stationary model has 
generality in all kinds of situations, or 
whether one model prevails in particular 
groups or in particular kinds of 
environments. Let us hope that 
palaeontological data are better suited to 
testing these two models than they have 
been for distinguishing gradualism from 
punctuated equilibrium. (i 
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the tidal energy is dissipated within a thin 
elastic lithosphere, but it now seems that 
significant amounts of the energy are 
dissipated by visco-elastic deformation 
below the rigid lithosphere. Part of the 
generated heat is conducted outward 
through the crust but most is carried to the 
surface in molten rock. 

A controversial issue is the relative role 
of sulphur and silicates in Io’s volcanism. 
Shortly after the Voyager encounters, two 
models were put forward. In one, it was 
suggested that the surface is covered with 
a largely molten layer of sulphur, some 
kilometres thick, resting on a silicate sub- 
crust, which is visible only as occasional 
high mountains*. In this model, almost all 
the flows and volcanic constructs are com- 
posed of sulphur. In the alternative model, 
both silicate and sulphur volcanism occur, 
and the surface consists of interbedded 
sulphur and silicates ®. 

Why, despite recognizing the strong like- 
lihood of some form of sulphur volcanism 
on Io, did the group who suggested the 
second model doubt that the satellite’s sur- 
face is composed entirely of sulphur? After 
all, sulphur has been detected in the trail 
of neutral and ionized particles that Io 
leaves behind in its orbit; sulphur dioxide 





a strong ultraviolet absorption could also 
be explained by sulphur; different allotropes 
of sulphur seem to match the different col- 
ours of Io’s surface; black spots within its 
calderas have the same reflectivity as liquid 
sulphur; and temperatures of the hot spots 
on Io range up to 600 K, which is consistent 
with the presence of liquid sulphur. The 
main reason to doubt that sulphur alone 
constitutes Io’s surface is scepticism that 
it has the strength to support the observed 
surface relief. Sulphur is an insulator and 
is ductile at lower temperatures than are 
silicates. At volcanic centres, where high 
conductive-heat flows are likely, tempera- 
ture gradients in an all-sulphur crust would 
be steep, and sulphur should flow at rela- 
tively shallow depths. Therefore the pres- 
ence on Io of calderas over 2 km deep sug- 
gests that the surface is not predominantly 
sulphur; the combination of thermal and 
strength properties required are more con- 
sistent with a surface rich in silicates. 
Young has recently questioned the sug- 
gestion of abundant sulphur on Io on other 
grounds’. Shortly after the Voyager 
encounters, pictures of Io, richly coloured 
in tones of red, orange and yellow, were 
widely distributed. The different colours 
were generally attributed to different allo- 
tropes of sulphur. Precise calibration and 
examination of the spectral data has since 
shown that Io is yellowish-green, not 
orange-red, and that the supposed match 
between the colours of Io and different 
allotropes of sulphur is completely spuri- 
ous. The only stable form of sulphur at 
lo’s surface temperatures is S, (all other 
forms will revert to S, in hours) and so the 
absence of spectral evidence for other allo- 
tropes is not, in itself, fatal for the sulphur 
hypothesis. Young, however, maintains 
that discrepancies between the reflection 
spectra of Io and S, are so large as to rule 
out S, as a major surface component. He 
therefore questions the presence of sulphur 
flows on Io, and cites supporting morpho- 
logical evidence. Pointing out the pitfalls 
of comparing spectra of pure elements with 
those of naturally occurring materials, 
which usually contain abundant impurities, 
others maintain that one cannot rule out 
the presence of sulphur in that way. 
The most convincing evidence for sul- 
phur volcanism on Io may be the surface 
temperatures. Three different kinds of hot 
spots have been recognized by the Voyager 
IRIS experiment: stable high-temperature 
sources of about 600 K; transient high-tem- 
perature sources of the same temperature; 
and stable low temperature sources of less 
than 400 K. All the sources are dark areas, 
mostly within calderas. Integrated infrared 
spectra of Io taken by telescope during 
eclipses have been successfully modelled 
with 105-106 of the surface close to 600 
K, and none of it at higher temperatures. 
Even if only 10°-10° of the surface is 
close to 1,000 K, it would be detectable in 
the spectra. The temperature measurements 


po: 
ted spectrum of the satellite's s surface and 





melts at 400 K, but not with silicates, which 
melt around 1,300 K. 

Most investigators now believe that both 
silicate and sulphur volcanism occurs on Io. 
Injection of silicates into and on to the 
silicate/sulphur crust may remobilize the 
sulphur and cause flows, much in the man- 
ner described by Naranjo for Lastarria 
Volcano’, but on a far larger scale. The 
mobilized sulphur could form pools within 
calderas where it may be maintained as a 
liquid by hot silicates beneath. Injection of 
silicates into the sulphur-rich crust may 
vaporize sulphur and sulphur dioxide to 
drive the volcanic plumes. Although studies 
of sulphur flows at terrestrial volcanoes are 





aulphur and silicates « on ‘lo will have u 
await acquisition of high-resolutio: 
imaging and spectral data. It is planne 
that this information will be collected b 
the Galileo spacecraft, which is schedule: 
to fly by Io on 10 December 1988. E 
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Protein structures 


Two for the price of one 


from Stephen C. Harrison 


UsinG the techniques of molecular 
biology, large quantity of proteins can now 
be produced to order. One consequence is 
that it is becoming possible to determine 
the three-dimensional structures of new 
classes of proteins that were not previous- 
ly available in sufficient quantities to 
crystallize. For example, on page 762 of 
this issue Ollis et al. report a crystal- 
lographic analysis of the large (‘Klenow’) 
fragment of Pol I, the DNA polymerase of 
Escherichia coli and the first polymerase 
structure to be solved'. An accompanying 
paper on page 811, documents the similari- 
ty between the protein sequences of Pol I 
and the DNA polymerase of bacteriophage 
T7, and suggests an interesting three- 
dimensional relationship*?. This com- 
parison neatly illustrates how knowledge of 
the three-dimensional structure of one pro- 
tein can give useful information about the 
structure of its homologues and reminds us 
that recognizing similarity may be the 
only reliable way to predict structure from 
sequence. 

The studies of Pol I by Arthur Kornberg 
and colleagues have a central role in the 
history of nucleic-acid enzymology, and it 
is satisfying to see initial three-dimensional 
correlates of this classic work. The Klenow 
fragment of Pol I is the carboxy-terminal 
two-thirds of the protein, which contains 
two of the three enzymatic activities (the 
polymerase and the editing exonuclease). 
As seen at 3.3.A, it comprises two distinct 
domains — one of about 200 amino-acid 
residues, the other of about 400. The 
smaller domain, which roughly resembles 
the nucleotide-binding domain of kinases 
and dehydrogenases, binds deoxy- 
nucleotides; the position of the deoxy- 
nucleotide dTMP in the crystal probably 
marks the location of the editing exo- 
nuclease since deoxynucleotides inhibit this 
activity but not the polymerase. 

The larger domain has a very deep cleft, 
about 20-24 A wide and 30 A deep. A six- 





stranded f-sheet structure forms its basi 
and several a-helical structures form it 
walls. The top of the cleft could be closec 
off by the folding down of a spatially 
disordered subdomain (about 50 residue: 
in the middle of the sequence, joining twt 
a-helices that form one side of the cleft) 
Ollis et al. suggest that double-strande: 
DNA binds in this cleft, with the primer 3 
terminus near the end that faces the smalle 
domain. In support, they cite the concen 
tration of positively-charged amino-acic 
side chains in the cleft as well as th 
location of amino-acid changes in certai 
Pol I mutants. 

The notion that the disordered subdo 
main might close down ‘on top’ of DNA 
bound in the cleft is an attractive way o! 
explaining the ability of the enzyme tc 
move along the DNA chain, and is reminis. 
cent of proteins that bind to nucleic acids, 
Tyrosyl tRNA synthetase has a loosely at: 
tached domain, disordered in crystals, tha: 
might fold down on the tRNA}: the 
subunits of viruses such as tomato bushy 
stunt virus* and southern bean mosai 
virus® have flexibility-tethered R domain: 
to draw RNA into assembling shells; the 
tobacco mosaic virus subunit has a loop 
disordered in the protein disk that clamp: 
around RNA in the virus®; the repressoi 
of bacteriophage A embraces DNA with N- 
terminal arms’; and the bacterial histone. 
like protein is thought to enfold DNA with 
a B-loop’. 

Regarding the similarities between se: 
quences of T7 DNA polymerase and the 
Klenow fragment of Pol I there are several 
striking points, First, the similarities occut 
in local segments of varying length (9-45 
residues), eight of them in the larger do- 
main. Second, these eight segments con- 
stitute most of the structures that form the 
cleft described above, including the 
flexibly-linked subdomain. Between these 
segments, the polypeptide chain in Pol-I 
makes excursions to the surface of the do- 

















ains, and Ollis et al. believe that the 
nsertions or deletions necessary to ac- 
omodate the T7 DNA polymerase could 
sreadily be formed?. 

Comparisons of the Pol I amino-acid 
equence with those of various eukaryotic 
WONA polymerases do not reveal any signifi- 
ant alignments. As Ollis ef al. point out, 
imilar structures need not have obviously 
imilar sequences (evolutionarily distant 
lobins, for example), but the converse 
oes generally seem to be true. Indeed, 
pusing a known structure to deduce the 
tructure of a homologue is an approach 
hat is as old as the first protein structures 
x— haemoglobin structure was deduced 
Mrom myoglobin, and trypsin from 
«hymotrypsin. But now that nucleotide se- 
quencing is leading to a rapid expansion in 
ithe library of amino-acid sequences, the 
detection of similarity takes on new 
mportance. 

It is clear that simple pair by pair com- 
parisons of amino-acid sequences, while 
soften revealing, have several limitations. 
Different criteria can lead to different 
ialigments, especially in marginal cases. 
‘Even with the serine proteases, sequence 
salignment and three-dimensional alignment 
wet out of register in the less conserved 
‘regions’. A more powerful approach is the 
adetection of homology groups. A dramatic 
example is the analysis of sequences from 
‘bacterial repressor and activator 
proteins!°!', where a conserved helix- 
‘turn-helix motif of three-dimensional struc- 
ture can be predicted and a group align- 
“ment established, despite the fact that many 
individual pairs of sequences cannot be 
related unambiguously. Indeed, the align- 
ment has permitted Wharton ef al.!? to 
predict the location of this motif, and hence 
the effects of certain in vitro mutagenesis 
experiments on two repressors whose struc- 
tures have not yet been solved 
erystallographically. It should be noted en 
passant that a strictly comparable helix- 
turn-helix is not present in the large frag- 
ment of Pol I, although the J and K helices 
of the larger domain are reminiscent 
of the motif. 

In other words, in predicting aspects of 
protein structure from sequence, what we 
need to recognize are entire domains or 
significant subdomains — not just elements 
of secondary structure. The poor correla- 
tion between local sequence and secondary 
structure has been aptly demonstrated by 
Kabsch and Sander!?, who show that the 
same pentapeptide in different proteins has 
fundamentally different backbone con- 
figurations in each; before anyone runs a 
secondary-structure prediction program on 
a new sequence again they should care- 
fully study this paper. 

Thus, sequence similarity is currently the 
only reliable method for detecting struc- 
tural similarity; several suggestions im- 
mediately follow. First, there is an impor- 
tant need for better ways to recognize 
similar sequences and to align them cor- 
rectly. Will comparisons in more than two 
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dimensions (three or more sequences at 
once) be useful? Second, there is a real 
possibility that many interesting structures 
— or parts of structures — will be solved 
by ‘catalogue look up’, as used by Ollis e/ 
al. to suggest a structure for parts of T7 
DNA polymerase. 

Sequence data bases grow vaster each 
day. New crystal structures also appear 
more quickly (with the aid of two- 
dimensional position-sensitive detectors, as 
used by Ollis et al. and described in these 
columns last May'*). If even some of the 
new structures tells us something about a 
whole family of homologues, progress will 
be rapid indeed. A solution to ‘the protein 
folding problem’ — given a primary se- 
quence, divine the tertiary fold — has been 
regarded as the pot of gold at the end of 
the protein-crystallographer’s rainbow. 
Perhaps a portion of the gold already lies 
at our feet. g 














Aglantha digital is a jellyfish that swims by contracting the wall of its bell-shaped 
body to expel a jet of water from its base. Swimming can be either slow, when it 
is fishing , or fast, when escaping from predators. One contraction during fast swim- | 
ming takes the animal five times as far as in slow swimming, when it moves about 
15 cm, one body length. In a paper on page 791 of this issue, G.O. Mackie and R.W. 
Meech show that both swimming behaviours are produced by the same muscle sheet, 
innervated by the same giant motor axons. Fast swimming is evoked by rapidly- 
conducted, sodium-dependent action potentials, whereas slow swimming results from 
a low-amplitude calcium potential in the same axon. This is the first time that two 
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types of impulse propagation have been reported in a single nerve fibre. 
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Cell biology 


Computer modelling of 
the behaviour of actin gels 


fram Dennis Bray 


UNDERSTANDING certain kinds of cell 
movements may require the use of a 
computer, to judge from two recently 
published papers by theoretical biologists 
G.M. Odell! and G.F. Oster”. This applies 
especially to the slow amoeboid movements 
of animal cells as they crawl over surfaces, 
engulf large particles or pinch into two in 
the course of cell division, movements 
which all depend on complex physico- 
chemical transformations in the amorphous 
protein gel just beneath the cell membrane. 
While the biochemistry of the gel is fairly 
well understood (it contains actin, myosin 
and a medley of other proteins able to 
cross-link, fragment, cap or nucleate actin 
filaments—see ref. 3), its behaviour as a 
whole is difficult to predict. Most of the 
proteins are regulated by calcium ions, so 
that a transient wave of calcium through 
the cytoplasm is liable to be followed by 
solation, gelation, polymerisation and 
contraction. Moreover, the kinetics of these 
various effects are not the same, and trans- 
formations in one region of the gel have a 
mechanical and chemical influence on other 
regions. Seen from this perspective, even 
the simple extension of the leading edge of 
a fibroblast over a surface becomes a 
formidable skein of cause and effect. 


Recognizing that only the language of 
mathematics is adequate to represent such 
interacting phenomena, Oster and Odell 
have been building detailed quantifiable 
models of actin gel behaviour. Their 
approach is to use a series of equations 
(also presented as word-pictures for non- 
mathematical readers) that represent the 
relationships between the stress, strain and 
viscosity of actin networks, and biochemi- 
cal parameters such as calcium ion concen- 
tration. Combined into a multidimensional 
model, these provide an impressively 
accurate, and at times counter-intuitive, 
view of gel behaviour. 

In the first paper that illustrates the 
genre, Odell presents a detailed descriptive 
model of the rapid repetitive shuttling of 
cytoplasm in the acellular slime mould 
Physarum'. A series of biochemically 
plausible and experimentally verifiable 
equations describing the properties of an 
actin gel lead to the accompanying 
illustration of its behaviour. Here, the 
stretch imposed on a small volume of 
cytogel is related to the force it exerts and 
to the concentration of a diffusible regu- 
latory component such as calcium. The fact 
that the resulting surface is saddle-shaped 
is crucial: there are two states in which the 
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gel exerts a large force separated by a 
region in which it is relatively weak. Con 
sequently, if two separate regions of gel are 
linked mechanically, one will compete wit 
the other and the combination will be i 
herently unstable. Built into a physic 
model of appropriate geometry, this pros 
perty automatically leads to spontaneous, 
rhythmic mechanochemical oscillations 
that have a close similarity to those seen in 
reality. 

In a companion paper (which is mathe~ 
matically less complete), Oster provides a 
number of valuable insights into the per-: 
plexing phenomenon of fibroblast locos 
motion ?. He points out, for example, that 
the fibres in any aqueous gel are under 
constant tension due to the osmotic 
tendency of water molecules to disperse: 
them. Partial solation of one region of a 
gel therefore generates local osmotic. 
pressure and hence local swelling. As æ 
consequence, actin-fragmenting proteins, 
which solate actin gels in response tœ 
calcium signals, could in principle under-: 
lie the production of lamellipodia or micro~ 
spikes from the fibroblast surface. 

The potential power of these concepts is. 
illustrated by the wide range of biological. 
phenomena to which they can be applied. 
One of the earliest models, for example, 
describes the contractile properties of epi-: 
thelial cell sheets *. In this case, the focus: 
is on the apical actin filament arrays, which 
are assumed to undergo stretch-induced 
activation. Thus, when one cell contractsi 
it will stretch other cells in the sheet, 
causing them to fire in turn, so propagating! 
a wave of invagination. Computations on 
that basis produce a remarkably life-like 
simulation of sea urchin gastrulation, 
formation of the ventral furrow in 
Drosophila and neural tube formation in: 
amphibia. Other models based on propert~: 
ies of actin gels have given rise to regular: 
two-dimensional patterns of feather 
primordia and the skeletal rudiments. in 
developing vertebrate limbs °. 

Odell and Oster readily accept that their 
mathematical models are unlikely to be 
true. The equations correctly represent the 
observations, but the constraints are not 
too severe. After all, with two or more dif- 
ferential equations to conjure with, one has 
a hat that can produce any number of 
rabbits. But, at the least, the models 
demonstrate the rich potential for co- 
ordinated change in the mechanical pro- 
perties of actin-rich gels. Moreover, they 
identify crucial questions of gel mechanics. 
that now need to be, and probably can be, 
answered by experiment. Oo 
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afrom Simon Conway Morris 


FOSSIL organisms or associations, in par- 
_ticular reefs and luxuriant vegetation, are 
_ regarded as amongst the most reliable in- 
_ dicators of past climates and environments. 
What, then, are we to make of the existence 
of polar forests in the Cretaceous and 
Lower Tertiary? The suggestion that they 
can be accounted for by a lower obliquity 
of the Earth then than now is impossible 
to maintain in the face of a paper publish- 
-ed by E.J. Barron in Geology!. 
. Cretaceous and Lower Tertiary fossil 
flora, include forests, where some trees 
have a trunk diameter greater than 50 cm 
at palaecolatitudes up to 85°, well beyond 
the present-day tree-line. Appeals to tec- 
tonic rafting from sunnier climes to a frigid 
docking may explain a few examples, such 
as those in Alaska’, but the majority of 
forests appear to be genuinely in situ. Of 
these, probably the most remarkable is the 
fossil forest in Alexander Island, Antarc- 
tica for which Jefferson? was able to pro- 
vide a detailed reconstruction, including in- 
‘formation on the original spacing of trees 
(about 1 per 17.5 mĉ) and flood-induced 
reaction wood. That these high-latitude en- 
‘vironments must have been radically dif- 
ferent from those existing today is self- 
evident. To explain the location of the 
polar forests, repeated appeals have been 
‘made to a marked decrease in the Earth’s 
obliquity with sharply diminished 
seasonality and more evenly spaced 
photoperiods*®, Although palaeontology 
has played a not insignificant, if belated, 
role in upsetting other geophysical ap- 
plecarts, such as the fixity of continents, 
it has seemed increasingly improbable that 
shifts in obliquity during geological time? 
are a realistic proposition. First, the 
celestial mechanisms to effect such a 
displacement are far from evident!®, and 
now Barron’s more earth-bound evidence 
looks like setting a firm seal on the debate. 
Barron has modelled the likely 
temperature distributions on a Cretaceous 
world with the obliquity reduced from the 
present 23° to either 15° or 5°. His analysis 
relies on a general circulation atmospheric 
model coupled to a simple ocean model. 
Although making a number of simplifi- 
cations, this seems to provide reliable first- 
order explanations. The paradoxical upshot 
is that a reduced obliquity exacerbates the 
problems of growing forests near the poles. 
This arises from a dramatic reduction in 
mean annual polar insolation, which more 
than off-sets the decreased seasonality and 
increased winter values of insolation, with 
a poleward transfer of heat that is unable 
to compensate for this loss. The calculated 
temperature distribution is not very dif- 
ferent from that observed today (the nor- 
thern Hemisphere would have been even 








Polar forests of the past 


colder than now), so the existence of high- 
latitude forests is highly improbable. 

In fact, the evidence for a warm and 
equable Cretaceous planet with no ice-caps 
or winter freezing is overwhelming!:'', and 
it is the warmth at high latitudes that seems 
to resolve the enigma of their flora? !2-13, 
Evidence suggests that temperature is more 
of a limiting factor than light for plants! 
(for a dissenting view, see ref. 7), hence the 
flourishing tropical and subtropical flora 
of Swedish botanical gardens, where the 
glass-houses are heated and watered but 
receive only natural daylight?. It is 
perhaps natural to think of Cretaceous 
forests engulfed in protracted polar nights 
but, contrary to the opinions of many 
authors (for example ref. 4), this is not in- 
compatible with their existence. Today, an- 
nual insolation at locations well south of 
the Antarctic Circle can exceed that of East 
Anglia!? (which comes as no surprise to 
this writer). Moreover, the plants of high- 
latitude Cretaceous forests may have speci- 
fic adaptations to intercept the maximum 
sunlight, including a conical shape and ap- 
propriate spacing of the trees, large 
leaves'*, or various physiological adapta- 
tions, especially amongst the evergreens, 
that enabled them to overwinter*. Calcu- 
lations suggest that not only would there 
have been a sufficient growing season with 
360° illumination for two months of the 
summer, but the annual biomass laid down 
as woody tissue is well within the limits set 
by the available energy flux". 

The higher mean annual temperatures of 
the Cretaceous polar regions may be only 
a partial explanation for their biota. If 
levels of atmospheric CO, were higher 
than today!$, this too may have had a 
beneficial influence on plant growth as well 
as helping to elevate planetary temperatures 
via the ‘greenhouse effect’ in the first place. 
Few authors? appear to have given more 
than passing thought to this possibility, but 
the implications are intriguing. Concern 
about the release of anthropogenic CO, is 
leading to new assessments of the likely 
effects on plant life. Data are seriously 
wanting, but the bulk of evidence points 
to greater productivity and, perhaps, in- 
creased tolerance to stress factors such as 
extreme temperatures and drought'®. 
Could it be that the Cretaceous and Lower 
Tertiary polar forests owe their existence 
in part to higher CO, levels’? Experiments 
on living relatives of the fossil plants may 
well be illuminating in this respect. 

Interactions between palaeoclimatolo- 
gists and palaeontologists are of more than 
academic interest. Convincing climatic 
modelling, whether it be for the Recent or 
the Cretaceous, where palaeontological 
evidence provides independent tests, 








strengthens belief that it is possibl 
predict accurately the effects of major in- 
creases in CO, or the reality of a nuclear 
winter (see Nature News & Views 312, 593; 
1984). When the planet next reverts to a 
Cretaceous climate, it seems more than 
likely that the forests will return to the An- 
tarctic peninsula, while alligators bask in 
the long polar summers and hibernate 
through the torpid winters. m) 
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100: years ago 


ROYAL society February 12,—‘‘On the 
Underground Temperatures, with Observations 
on the Conductivity of Rocks, on the Thermal 
Effects of Saturation an Imbibition, and on a 
Special Source of Heat in Mountain Ranges,” 
By Joseph Prestwich, M.A., F.R.S., Professor 
of Geology in the University of Oxford. 

The author remarks on the difference of opi- 
nion between physicists and geologists respecting 
the probable thickness of the outer crust of the 
earth. The question of underground temperature, 
which is a subject equally affecting the argument 
on both sides, had engaged the author’s atten- 
tion in connection with an inquiry respecting 
volcanic action, and he was induced to tabulate 
the results to see how far the usually received 
rates of increase were affected by various in- 
terfering causes—not that most of them had not 
received due attention, but it was a question of 
whether sufficient allowance had been made for 
them. 

Although Gensanne’s first experiments were 
made in 1740, and others were subsequently 
made by Daubuission, Saussure, and Cordier, 
in coal and other mines, it was not until the con- 
struction of deep artesian wells commenced in 
the second quarter of this century, and Walfer- 
din introduced his overflow thermometer, and 
precautions were taken against pressure, that the 
more reliable observations were made. But not- 
withstanding the precautions taken, and the ac- 
curacy of the experiments, they present very wide 
differences in the thermometric gradient. 
From Nature 31 399, 26 February 1885. 
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At last the insulin receptor 


from Tony Hunter 


OF ALL the cell-surface receptors for pep- 
tide hormones, none can have had so much 
attention devoted to it over the years as the 
insulin receptor. Great effort has gone 
into its purification and structural 
characterization with the aim of deter- 
mining how the insulin ‘signal’ is converted 
into metabolic events within the cell. Now, 
at last, as reported on page 756, the amino- 
acid sequence of the insulin receptor has 
been determined, not directly but from a 
DNA sequence’. If there is a hint of dis- 
appointment about the result it is that there 
is no overall similarity between the se- 
quence and that of any oncogene product, 
to parallel the identity of the v-erb-B 
oncogene product and part of the human 
epidermal growth factor (EGF) receptor’. 
Nonetheless the sequence has some 
similarities to the products of a class of 
oncogenes and some unexpected features. 

Previous work? had shown that the in- 
sulin receptor has two distinct chains, a and 
B, which are derived from a single precur- 
sor. The receptor is usually found as a 
tetramer, in which two pairs of disulphide- 
bonded a-f} dimers are joined by disulphide 
bonds between their a-chains. Because it 
can be experimentally cross-linked to in- 
sulin, the a-chain, which is glycosylated, 
probably forms the insulin-binding site. 
The ß-chain, which is less glycosylated and 
contains phosphorylated serines, is phos- 
phorylated on one or more tyrosines in 
response to insulin binding, both in vitro 
and in intact cells. Purified receptor can 
phosphorylate tyrosines of a variety of pro- 
tein and peptide substrates in a reaction 
which is stimulated by insulin. This protein- 
tyrosine kinase activity, like that of the 
EGF receptor, seems intrinsic to the insulin 
receptor and is located on the f- chain. 

To clone insulin receptor DNA, Ullrich 
et al. synthesized two long oligonucleotide 
probes on the basis of amino-terminal se- 
quences of each chain and used them to 
screen a placental cDNA library. A single 
clone which hybridized with both probes 
was obtained; its nucleotide sequence in- 
dicates that it corresponds to an almost 
complete messenger RNA from the insulin 
receptor’s gene. 

The nucleotide sequence predicts a recep- 
tor protein of 1,370 amino acids. The start 
of the a-chain is recognizable 27 amino- 
acid residues down-stream from the 
predicted amino terminus of the protein. 
The intervening residues are largely 
hydrophobic, and Ullrich ef al. suggest that 
they constitute a cleaved ‘signal sequence’. 
The recognizable start of the f-chain is 
preceded by a four amino-acid sequence 
that is typical of processing signals for 
cleavage of precursors. Cleavage would 
generate a mature a-chain with 720 residues 


and a B-chain with 620 residues. The a- 
chain does not have any stretches of un- 
charged amino-acids long enough to span 
acell membrane, whereas there is a single, 
potentially membrane-spanning sequence 
in the B-chain. Therefore it seems likely that 
the whole of the a-chain is located outside 
the cell, together with 194 residues of the 
f-chain. There are fifteen recognizable 
glycosylation sites in the a-chain and four 
in the external portion of the f-chain, con- 
sistent with their relative degrees of 
glycosylation. The a-chain is rich in cys- 
teines but the B-chain has only four cys- 
teines in its external portion, at least one 
of which must be involved in a linkage to 
the a-chain, possibly the only (and indirect) 
attachment of the a-chain to the cell. 
As anticipated, there is sequence simi- 
larity between the cytoplasmic portion of 
the B-chain, which contains the receptor’s 
protein-tyrosine kinase activity, and the 
protein-tyrosine kinase domains of the pro- 
ducts of the src gene family. All the 
established hallmarks of this catalytic do- 
main are present in the B-chain sequence. 
As in the case of the EGF receptor and the 
product of the fms gene — a member of 
the sre gene family — there are precisely 
50 residues between the end of the trans- 
membrane domain and the protein- 
tryrosine kinase domain. This region may 
contain the protease-sensitive site of the f- 
chain’. In the EGF receptor the equivalent 
linking sequence contains a threonine (Thr 
654) that is phosphorylated by protein 
kinase C and that lies in the very basic se- 
quence adjacent to the plasma 
membrane?*. Treatment of cells with 
tumour promoters, which are known to ac- 
tivate protein kinase C, causes de novo 
phosphorylation of this threonine, cor- 
relating with an inhibition of the usual 
EGF-induced increase in the protein-kinase 
activity of its receptor and a decrease in the 
receptor’s affinity for EGF. In the case of 
the insulin receptor, tumour promoters 
cause an overall increase in the phorphory- 
lation of its serine residues but no new 
phorphorylation sites are detectable’ ®. 
There is little change in affinity as a con- 
sequence of this phosphorylation, but a 
decrease in insulin-induced autophosphory- 
lation of the receptor has been noted®, 
Although, as in the EGF receptor, basic 
amino acids are present following the trans- 
membrane domain of the insulin receptor, 
this region does not contain a serine or 
threonine that could be a protein kinase C 
phosphorylation site equivalent to Thr 654 
of the EGF receptor. Furthermore, purified 
insulin receptor does not seem to be a good 
substrate for protein kinase C. Therefore 
the effects of tumour promoters on the 
insulin receptor may not be mediated by 
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There are about 90 residues to the 
carboxy-terminal side of the protein-tyro 
sine kinase domain in the insulin receptor 
compared with 240 residues in the EGF’ 
receptor. In the latter, this domain contains: 
the major autophosphorylation sites and is 
thought to serve a regulatory function‘. 
Little is known about the location of the 
autophosphorylation site(s) in the B-chain 
of the insulin receptor, but Tyr 1316 and 
Tyr 1322 in its carboxy-terminal domain 
are possibilities, being in the vicinity of a 
pair of glutamic acid residues, which are 
common features of other tyrosine phos- 
phorylation sites. In addition, there is a 
tyrosine (Tyr 1150) equivalent to the 
major site of autophosphorylation in the 
product of the viral src oncogene, Ullrich 
et al. suggest that Tyr 960 could also be a 
site of autophosphorylation. The identifica- 
tion of the site(s) is important because auto- 
phosphorylation of the receptor results in 
increased phosphotransferase activity’. 

Given the identity of part of the EGF 
receptor gene to the v-erb-B oncogene?, it 
is natural to ask whether the insulin recep- 
tor is closely related to a known oncogene 
product. Within the protein-tyrosine kinase 
domain, the receptor has partial homology 
with all nine members of the src gene fam- 
ily. Even taking into account the divergent 
species of origin, however, it seems that the 
insulin receptor gene is not identical to any 
of these genes. It will obviously be in- 
teresting to test whether or not an ap- 
propriate region of the insulin receptor gene 
is oncogenic. The best match of the protein- 
tyrosine kinase domain of the receptor is 
to that of the product of the v-ros oncogene 
of the UR2 avian sarcoma virus (52 per cent 
match of residues 990-1251 of the recep- 
tor to residues 264-529 of the v-ros pro- 
tein). Outside this domain the v-ros pro- 
tein and the insulin receptor do not appear 
to be related. Intriguingly, the predicted 
v-ros protein has a 28-residue ‘transmem- 
brane domain’, located 68 amino acids to 
the amino-terminal side of the protein- 
tyrosine kinase domain. Moreover, there is 
a potential protein kinase C phosphory- 
lation site six residues to the carboxy- 
terminal side of the postulated membrane 
domain. These structural analogies with 
other receptors suggest that the c-ros 
protein — the product of the cellular 
equivalent of the v-ros oncogene — is a sur- 
face receptor. Little is known about the 
c-ros gene, transcripts of which are most 
abundant in kidney tissue. 

Comparison of the e-chain sequence 
with those of other proteins yields an unex- 
pected homology with the external domain 
of the EGF receptor'. The first 450 
residues of the two proteins have about 27 
per cent homology,. The significance of 
this homology is unclear, particularly since 
these receptors bind different ligands, but 
could be related to some interaction with 
more ubiquitous extracellular recognition 
systems or even with intracellular traffick- 
ing machinery. If there are such functions 








or the external domains of receptors it 
might help explain their unexpectedly large 
“sizes. It will obviously be important to 

determine the location and extent of the 
ligand-binding sites-in each case. 

Ullrich et al. show that there is probably 
a single gene for the insulin receptor in the 
human genome', As expected, it is ex- 
pressed.in placenta and in cell lines that 
have.insulin receptors..A number of dif- 
-ferent mRNAs seem to be expressed from 

othe gene; since the insulin-like growth 
factor 1 (IGF-1) receptor is very similar in 
structure and enzymatic function to the in- 
sulin receptor, it is possible that some of 
the mRNAs come from the IGF-1 recep- 
tor. Given the homology between the two 
_ Teceptors we can anticipate that this mat- 
ter will be resolved shortly by the cloning 
and: sequencing of the IGF-1 receptor. 
<~ Last-time I wrote in these columns, Iex- 
“pressed the hope that a comparison of the 
“structures of the different receptor protein- 
tyrosine kinases would give us clues to the 
mechanism of transmembrane signalling’. 
Although there are several obvious 
analogies between the structures of the in- 
sulin and EGF receptors, unfortunately no 
startling mechanistic insight emerges. Both 
receptors cross the membrane once and 
have protein-tyrosine kinase domains in 
similar locations. The differences between 
the sequences linking these domains to the 
transmembrane domains in the two recep- 
tors suggests that no defined sequence in 
¿this region is required for signalling. It is 
‘interesting that the insulin-binding subunit 
_is linked to the enzymatic subunit through 
„disulphide bonds, while in the EGF recep- 
tor they are part of the same polypeptide 
chain. Subunit-subunit interaction, 
however, is a common feature of many 
allosterically-regulated proteins. The 
dimeric nature of the insulin receptor may 
be significant; Ullrich er a/.' suggest that 
the insulin-binding site could be formed by 
the two a-chains, yet there is evidence that 
the disulphide bonds between the two a- 
chains are not required for insulin binding 
nor for the biological response®. Cer- 
tainly it is easier to imagine how ligand bin- 
ding could transmit a signal through a 
dimer structure, with its inherent rigidity, 
than through a monomer. 

Clearly ideas on mechanisms of signal 
transmission can now be tested by direct 
molecular manipulation of the insulin 
receptor and interchange of its domains 
with those of the EGF receptor. Perhaps 
we will also learn why EGF and insulin trig- 
ger such different responses. oO 
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Astronomy 


A Seyfert galaxy joins the jet set 


from Beverley J. Wills 


THE Seyfert galaxy NGC 4151, a nearby 
active galaxy, is back in the pages of Nature 
again. But the revelation by Ulrich et al. 
on page 747 is the most exciting so far. 
Thanks to the intrepid International 
Ultraviolet Explorer satellite, we now have 
the first optical evidence for high speed jets 
of material squirted from the nucleus of an 
active galaxy. 

A popular model of the nucleus of a 
quasar, suggested by many observations 
and in line with current theoretical ideas, 
consists of a spinning black hole whose 
gravitational field provides the basic energy 
for the enormous flux of electromagnetic 
and relativistic particles observed by 
analysis of the optical and ultraviolet spec- 
trum. A large fraction of the flux forms 
beams, moving at bulk relativistic speeds 
outward along the axis of rotation and pro- 
bably coupled to, and fed by, a high- 
temperature (2-4 x 104 K) accretion disk 
around the black hole. Direct evidence for 
these ‘jets’, extending for parsecs or 
megaparsecs, comes from _ radioastro- 
nomical observations, especially Very Long 
Baseline Interferometry, which reveals 
‘superluminal’ expansion of knots away 
from an active core, aligned with long, nar- 
row and often very straight jets connecting 
the core with outer, extended (kiloparsecs) 
fossils of jet activity. The frequently 
observed one-sidedness of the narrow jets 
is attributed to relativistic Doppler 
enhancement of the flux from the ap- 
proaching beam, although this interpret- 
ation is less satisfactory at very large 
distances from the nucleus. Two-sided jets 
are more common in lower luminosity 
objects, perhaps indicating lower bulk 
velocities. 

The central ‘engine’ is surrounded by 
dense (about 10° atoms cm~3), fast- 
moving cloudlets or filaments which are 
photoionized by the strong ultraviolet con- 
tinuum from the engine and give rise to 
strong broad emission lines, which are 


‘typically 2,000 - 20,000 km s`! wide. 


Photoionization calculations suggest that 
these cloudlets extend about 0.1 - 100 
parsecs from the central ionizing source, 
depending on its luminosity. 

For the lower luminosity quasars, like 
that embedded in NGC 4151, this predic- 
tion has recently been confirmed by obser- 
vations of changing broad emission line 
fluxes as the cloudlets respond to time 
variations in the central ionizing flux, after 
travelling at the speed of light across the 
broad-line region (BLR). The BLR lies 
within a much larger (up to kiloparsec size), 
low-density region, approximately 104 - 107 
atoms cm ~?, which is also photoionized, 
and gives rise to relatively narrow emission 
lines, a few hundred km s~! wide. In near- 





by active galaxies, such as NGC 4151, the 
outer parts of this narrow-line region 
(NLR) are spatially resolved. Because of 
the long time it takes for light to travel- 
across the NLR, these emission lines should 
not respond to changes in ionizing con- 
tinuum over time spans that we can study, 
as is borne out by observation. NGC 4151, 
although its radio luminosity is too low for 
it be classified as a radio galaxy or radio 
quasar, has evidence of small-scale (200 
parsecs) radio jets (Booler, R.V. et al: 
Mon. Not. R. astr. soc. 199, 229; 1982) that 
seem to be related to, and interacting with, 
outflowing NLR material (Heckman, T.M. 
& Balick, B. Astrophys. J. 268, 102; 1983). 

: Ulrich el al. now report two newly- - 
detected narrow (less than 1,500 - 3,000. 
km s~!) emission lines, straddling the 
broad C IV A1549 line in the spectrum of 
the nucleus of NGC 4151. These show up 
four-fold variations in strength over a few 
days and are apparently not indentifiable 
in the rest frame of the galaxy. The authors 
Suggest that these lines may be Doppler- 
shifted C IV 11549 arising from shock- 
excited material in a two-sided jet. If this 
is true, then we have the first direct 
measurement of the velocity of material in 
the line of sight associated with an ex- 
tragalactic jet; the actual velocity is sug- 
gested to be about 0.1 c. This discovery 
opens up the exciting possibility of study- 
ing the mysterious region near the base of 
the jets, using optical emission-line obser- 
vations of the jet or jet-entrained material. 

Ulrich ef al. argue that if these lines are 
indeed C IV, they are most unlikely to be 
from two photoionized, independent (‘free- 
flying’) clouds, either falling in, falling out 
or orbiting. The observed velocities have 
varied very little over three years, and the 
strengths of the two lines change almost 
simultaneously (within 10 days). The lat- 
ter limit is based essentially on only one 
fairly well-observed, rapid increase among 
several smaller fluctuations, and it is ob- 
viously desirable to confirm this and. im- 
prove the limit on the variation of the 
relative wavelengths. 

Unfortunately, it is going to be difficult 
to investigate this phenomenon in other 
galaxies. NGC 4151 is a special case 
because it is nearby and active, and so is 
bright and therefore easy to observe, 
despite its relatively low intrinsic luminosi- 
ty. Recently, both its variable nuclear con- 
tinuum and, because of its small BLR, the 
broad C IV wings have been faint, and it 
is these conditions which have enabled the 
narrow line component to be discovered. 





Beverley J. Wills is in the Department of 
Astronomy, University of Texas at Austin, Texas 
78712, USA, 








Digesting the Seascale data 


Sir — The report of the Independent 
Advisory Group on the possible increased 
incidence of cancer in West Cumbria! has 
raised issues about the interpretation of 
occurrence rates for lymphoid malignancy, 
and of the associated cumulative Poisson 
probabilities, in the electoral wards of the 
Northern region. 

M.J. Gardner (Nature 312, 16; 1984) 
rightly suggested that these two ‘indices’ 
bear upon different aspects of the data. The 
occurrence rate, which relates the recorded 
number of malignancies (for a particular 
ward over a defined period of time) to the 
size of the population at risk, may not be 
an accurate reflection of the ‘true’ or 
‘underlying’ incidence rate because of the 
small size of the at-risk population involved 
in most of the wards. The recorded number 
of malignancies over any finite period of 
time is subject to an element of ‘random’ 
influence, taken account of in cumulative 
Poisson probabilities given in the Advisory 
Group report and by A. Pomiankowski 
(Nature 311, 100; 1984) which express the 
chance of getting the observed occurrence 
rate, or a higher one, if the underlying 
incidence rate for the ward in question is 
equal to the regional average rate of 0.61 
per 1,000. 

These Poisson probabilities, like the 
observed occurrence rates, must be 
interpreted in the light of the ward 
population size. The same observed 
occurrence rate of 5 per 1,000 in wards with 
at-risk populations of 200 and 400, for 
example, would give cumulative Poisson 
probabilities of 0.115 and 0.025 respec- 
tively. In other words, as Gardner pointed 
out, the Poisson probabilities are not a 
direct indicator of occurrence rate. 

An alternative way of presenting the 
figures is by constructing a confidence 
interval for the underlying incidence rate. 
Confidence intervals at 95% and 99% 
confidence levels, for the wards with six 
highest observed rates of lymphoid 
malignancy, are shown in the table below. 
Although this alternative mode of 
presentation does not lend itself quite so 
readily to ranking as occurrence rates and 
Poisson probabilities, it does bring out two 
points with some clarity. First, the width 
of the intervals is a measure of how 


relatively imprecise inferences made from 
these data are, because of the small ward 
sizes involved. The observed occurrence 
rate of 9.7 per 1,000 in the Seascale ward, 
for example, is consonant, at 95% 
confident level, with a true rate of anything 
between 2.65 and 24.9 per 1,000. Second 
though, despite this imprecision, the 
intervals give an indication of why the 
figures for Seascale are a cause for concern. 
Even at the higher confidence level of 99%, 
the minimum estimate of true incidence 
rate consonant with the data is 1.64 per 
1,000, more than two-and-a-half times the 
regional average occurrence rate. 

A related aspect of the small ward sizes, 
and the consequent imprecision of 
inferences made from the data, is the 
difficulty of detecting when the underlying 
incidence in a small area is raised above the 
regional average, even by substantial 
amounts. R. Wakeford (Nature 312, 191; 
1984) expressed agreement with the 
Advisory Group conclusion that the 
Poisson probability calculated for the 
Seascale ward (0.000134), though extreme, 
does not justify the conclusion that Seascale 
is ‘unique’. One must bear in mind, I think, 
that even if the true incidence rate in the 
Seascale ward were, say, five times the 
regional average, the chance of recording 
five or more occurrences (and thereby 
getting Poisson probability more extreme 
than 0.000134) would be less than 1%. The 
odds are clearly stacked against being able 
to reach any firm conclusions on 
occurrence data alone, even if a seriously 
inflated true incidence rate pertains. 

Seascale was the only ward in western 
Cumbria picked out by Craft, Openshaw 
and Birch? as having a Poisson probabili- 
ty less than 0.05. R. Wakeford suggested 
that this observation does not support the 
hypothesis of causal relationship between 
excess childhood lymphoid malignancies 
and increased radiation exposure around 
the Sellafield site. However, the small ward 
sizes, together with the ‘discrete’ nature of 
the Poisson probability distribution, imp- 
ly that some caution must be exercised in 
interpreting a geographical pattern deriv- 
ed by reference to a specific cut-off value: 
in this case, the conventional 5% signif- 
icance level. Two examples should suffice 


West Cumbria lymphoid malignancy cases 





Observed rate 





Cases Children per 1,000 
2 144 13.9 
l 97 10.3 
4* 4il 9.7 
1 165 6.1 
l 172 5.8 
1 174 5.7 








Confidence intervals for 
true incidence rate 


(95%) (99%) 
11.68, 50.1] (0.72, 64.4] 
(0.26, 57.4] (0.05, 76.6} 
(2.65, 24.9] (1.64, 30.6] 
(0.15, 33.8] (0.03, 45.0] 
(0.15, 32.4] {0.03, 43.2] 
(0.15, 32.0] 10.03, 42.7] 


Based on Table 40 of ref 2, showing 95% and 99% confidence levels. 


* Seascale. 














to illustrate the point. Consider two 
hypothetical wards, one with a true in- 
cidence rate three times the regional average 
and an at-risk population size 100, the” 
other with twice the regional average in- 
cidence rate and an at-risk population of | 
250. To get a Poisson probability of less 
than 0.05 in the first ward, 2 or more oc- 
currences would need to be recorded (giv-.. 
ing a Poisson probability of 0.0018, a good 
deal less than 0.05). The chance of this hap- 
pening is less than 1.5%, even though the 
true incidence rate in this hypothetical ward 
is three times the regional average. In the- 
second ward, again 2 or more occurrences 
would need to be recorded (giving a 
Poisson probability of 0.0105). The chance 
of this happening is less than 4%, despite 
the assumption of a true incidence rate dou- 
ble the regional average. 

EDDIE SHOESMITH 
University of Buckingham, 
Buckingham MK8 LEG, UK 
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Pinning down stem-cell 
populations 


Sır — The proposal! that the only valid 
representatives of multipotent, ‘persistent’ 
haematopoietic stem cells are ‘late’ (> 12 
day) spleen colonies has been critically 
discussed by Blackett. In support of such 
a critique, I quote a 1964 report? showing 
that a number of ‘early’ (10-day) erythroid, 
unipotent and, according to ref. 1, ‘tran- 
sient’ colonies do contain multipotent stem 
cells. In addition it has been shown that 
multipotent stem cells within many ‘persis- 
tent’, late (12-, 13-day) colonies do have 
transient potential for self renewal’ . To 
avoid circular argument I propose that 
‘early’ spleen colony counts adequately 
estimate the stem cell contents in a given 
sample. These counts are the most ap- 
propriate because they minimize the time- 
dependent colonial increase by stem cells 
migrating into test spleens from distant. 
locations®. Obviously, the differentiative 
potentialities and renewal efficiency of stem 
cells within such colonies cannot be infer- 
red from direct counts. These parameteres 
have to be indirectly estimated by secon- 
dary transplantation procedures and inter- 
preted exclusively in such contexts? 5, 
G.T. MATIOLI 
University of Southern California 
School of Medicine, 
2025 Zonal Avenue, 
Los Angeles, California 90033, USA 
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Relationship of AIDS to | 
_ other retroviruses 





_ Sik — Lymphadenopathy-associated virus 
(LAV)! is now considered to be the pro- 
| -bable causative agent of acquired immune 
deficiency syndrome (AIDS). Other 
“LAV-like viruses (the human T-cell 
< Jeukaemia/lymphoma virus type IH? and 
AIDS-associated retrovirus, ARV?) have 
< béen isolated and assumed, as some 
_ nomenclature would imply, to be a member 
-of the HTLV superfamily of retrovirus 
which includes HTLV-I, HTLV-II and 
“bovine leukaemia virus (BLV). Whether or 
not the AIDS virus indeed belongs to this 
‘superfamily’ has become the subject of in- 
tense speculation. 

The nucleotide sequences of both LAV‘4 
and HTLV-II, as well as that of ARV’, 

: allow definite comparisons with those of 
the HTLV/BLV group. First, the LAV and 
HTLV-III nucleotide sequences differ by 
less than 1% overall, whereas LAV and 

“ARV differ by about 5% overall. The 

“greatest sequence variation, both point 

mutations and insertion/deletions map to 
` the env gene. Nevertheless, their deduced 
genetic organizations are identical, and dif- 
fer from that of HTLV-I (Fig.1). Thus 
there is only a single AIDS retrovirus, and 

SLAV, HTLV-II and ARV represent dif- 

“ferent isolates of the same virus. A 

hallmark of this virus is the presence, apart 

“from the statutory gag, pol and env genes 

of a replication competent retrovirus, of 
‘two other open reading frames (ORF) 

: which were called Q and F for LAV. The 
location of ORF Q is unprecedented, it 
overlaps with the end of pol and is follow- 
ed by an apparently noncoding region, 
since hitherto the pol and env genes were 
contiguous. Directly 3’ to env is ORF F 
which is half-encoded by the U3 element 
of the long terminal repeat. 

We have also compared the deduced 
amino-acid sequences of LAV proteins with 
those of HTLV-I and other retroviruses 
and find no significant homology, except 
for domains pol and gag which are general- 
ly conserved among retroviruses. These 
regions probably correspond to the core 
Structures of essential viral proteins. 

Only the protein sequence of pol is con- 
served enough to allow computation of 
retroviral taxonomy. This we have done for 

¿the LAV pol sequence corresponding to the 
conserved regions of the endonuclease, as 
has already been reported elsewhere for a 
number of other retroviruses. The 
“phylogeny of the LAV endonuclease se- 
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Fig.l Organization of the viral genome of LAV and HTLV-I. Boxes represent open reading frames. 
Limits of the genome are indicated by brackets. 
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Fig.2 Phylogenetic tree of retroviral endo- 
nuclease amino-acid sequences. The tree was 
constructed using a partition analysis program, 
written by Drs William Saurin and Philippe 
Marliere at Institut Pasteur. The distances bet- 
ween branch points have no meaning. All sub- 
trees generated by permutations of seven se- 
quences were the same as that shown in the 
figure. In addition, trees constructed from 
segments of the eight sequences also produced 
identical trees. Our data are in perfect agreement 
with those of Sagata et al.!! who, using an 
unweighted pair-group cluster method, produced 
the same tree as shown above for the SMRV, 
MMTV, RSV, HTLV-I, BLV and MoMLY se- 
quences. The sequences corresponding to the 
conserved endonuclease sequence are, respective- 
ly, SMRV (squirrel monkey retrovirus 1-540, ref. 
12), MMTV (mouse mammary tumour virus 
1-540, ref. 12), RSV (Rous sarcoma virus 
4,213-4,746, ref. 13), LAV (lym- 
phadenopathy/AIDS virus 3,767-4,288, ref. 14), 
BLV (bovine leukaemia virus 3,982-4,530, ref. 
11), MoMLV (Moloney-murine leukaemia virus 
4,767-5,327, ref. 15) and REV-A (reticuloen- 
dotheliosis virus A 4,969-9,526, ref. 16). The 
numbering of RSV, HTLV and MoMLV is as 
in EMBL data bank. Others correspond to those 
cited by the original authors. 


quence (Fig.2) is that of a distant relative 
of all other endonuclease sequences so far 
established. The HTLV/BLV superfamily 
is most closely related to RSM, MMTV and 
SMRV subgroup (see Fig.2 legend). It is 
clear that at least the endonuclease domains 
of LAV and HTLV-I have been in- 
dependently evolving for some considerable 
period of time. LAV cannot be 
amalgamated with the HTLV/BLV super- 
family without taking a number of other 
retroviruses with it. 

It is possible that LAV is in fact a 
member of the lentivirus family of 
retroviruses, as exemplified by visna 
virus’, We have previously noted their 
comparable genome sizes (9.2 kilobases in- 
cluding one LTR), and unusually large 
glycoproteins*?. Their base compositions 
are virtually identical (LAV : U = 22.2%, 
C = 17.8%, A = 35.8% and G = 24.2%; 
visna : U = 22%, C = 16%, A = 36% 
and G = 26%)*!°, Using Southern blot- 
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ting under non-stringent. conditions 
(T,,=55°C), we observed no DNA 
hybridization between cloned visna and 
LAV probes. 
It is thus clear that the AIDS virus is 
not a member of the HTLV family of © 
retroviruses and represents the prototype 
of a new class of human retrovirus; 
possibly a lentivirus. We propose to refer 
to the virus as lymphadenopathy/AIDS 
virus on the basis of the two main 
pathological effects of virus infection. 
The absence of a close relationship bet- 
ween LAV and other retroviruses reinforces 
questions as to the origin of this virus and 
the cause of the recent emergence of AIDS, . 
SIMON WAIN-HOBSON 
Unité de Recombinaison et Expression 
Génétique, 
Institut Pasteur, 
MARC ALIZON 
Luc MONTAGNIER 
Unité d’Oncologie Virale, 
Institut Pasteur, 25 rue du Dr. Roux, 
75724 Paris Cédex 15, France 
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Microtubule assembly as 
a phase transition 


SIR — In a News and Views item', J.R. 
McIntosh discusses two articles on 
microtubule assembly and disassembly’. I 
would like to discuss a point of McIntosh’s 
presentation where he refers to the famous 
condensation-polymerization model of 
Oosawa-Kasai (Oosawa later wrote a book 
on the same subject’): ‘‘... but unlike most 
phase transitions, the number of polymers 
formed increases rather slowly with 
increasing concentrations of subunits... ”. 

If the effects of biological regulation 
such as GTP binding and hydrolysis are 
neglected, the autoassembly of biological 
fibres such as actin filaments, microtubules 
and microfilaments is one example of a 
general phenomenon called equilibrium 
polymerization where linear structures are 
formed in thermodynamic equilibrium. 
Other examples of equilibrium 
polymerization are found in several other 
areas of chemistry and physics: for 
instance, in liquid sulphur, long chains of 
sulphur atoms polymerize in equilibrium 
out of small S, rings**; the viscosity of 
liquid sulphur rises suddenly around 167°C 
in a fully reversible manner. Certain ionic 
surfactants together with water and salt can. 





form very long cylindrical micelles®. Some. 


‘organic polymers called ‘living polymers’ 
polymerize in equilibrium very 
suddenly®?. In the physics of adsorbed 
layers some phenomena such as commen- 
surate-incommensurate transitions! are 
driven by defect lines which behave like 
polymers in equilibrium. 

Recently we have shown’ t} that equili- 
birum polymerization can lead, if the initia- 
tion step is very difficult (very large free 
energy associated with the ends of the 
chains) to a quasi-second-order transition 
with a critical point fully analogous to the 
critical point of a ferromagnet in the pre- 
sence of a very small magnetic field leading 
to a weak rounding of the transition. Thus, 
contrary to the statement of McIntosh, the 
condensation-polymerization model does 
present a phase transition very analogous 
to many other second-order phase transi- 
tions; in the limit of infinite free energy as- 
sociated with the ends of the chains a true 
transition exists with the polymerization of 
very few infinitely long chains. Inter- 
estingly, the helix-coil transition’* is a 
trivial example of equilibrium 
polymerization in one dimension’ (d = 1) 
where helix portions are the ‘polymers’ and 
the ‘coil’ portions the unpolymerized 
‘monomers’. For this special low dimension 
case (d = 1) the transition becomes first 
order with a jump from all unpolymerized 
(coil) to all polymerized (helix). The effect 
of a non-infinite free energy of the 
extremities of the ‘polymers’ (frontier 
energy between helix and coil is not infinite) 
is to round the transition and to replace the 
first order jump by a sudden rise. 

P. PFEUTY 
Laboratoire de Physique des Solides, 
Université Paris-Sud Centre d’Orsay, 
91405 Orsay, France 
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Scientific Correspondence is intended 
to provide a forum in which readers 
may raise points of a rather technical 
character which are not provoked by 
articles or letters previously published 
(where Matters Arising remains ap- 
propriate). 





Periodic comet showers 
and planet X 

Sir — In our recent Nature paper we 
discussed a model in which periodic comet 
showers are triggered by the passage of the 
perihelion of planet X through the edge of 
a trans-Neptune comet disk (Nature 313, 
36-38; 1985). It was assumed that all scat- 
tered comets with perihelia less than Nep- 
tune’s orbit that ultimately became Jupiter 
family SP comets would contribute to the 
shower. However, it has recently been 
brought to our attention that the time scale 
for Neptune and Uranus captured comets 
to evolve into Jupiter family SP comets is 
greater than the interval between showers 
so these comets cannot contribute to a 
shower of duration of a few Myr (R. Muller 
and P. Weismann, personal communi- 
cations). 

This objection does not invalidate the 
basic model, since sharp showers will still 
be produced by comets scattered directly 
into Jupiter’s sphere of influence, as 
Jupiter family SP comets have dynamcial 
lifetimes < 1 Myr. Direct scattering to 
Jupiter will require the inclination of the 
orbit of planet X to be 245°, which in turn 
will reduce the predicted semimajor axis of 
planet X from ~ 100 AU to ¢ 75 AU. The 
required large inclination is consistent with 
the failure of previous ecliptic surveys to 
find planet X. That fraction of Neptune- 
Uranus captured comets which ultimately 
end up as Jupiter family SP comets will 
contribute to (or perhaps dominate) the 
steady state background of SP comets. 
Preliminary estimates indicate that total 
numbers of shower and associated steady 
state SP comets are roughly comparable 
and that the requisite number of terrestrial 
impacts can be achieved. 

A more extensive analysis of the planet 
X model taking into account the above 
modifications in the details of the shower 
mechanism, the effect of a thick comet disk 
on the shower time scale, and gap-diffusion 
driven by planet X, will be published 
elsewhere’. 

DANIEL P. WHITMIRE 
JOHN J. MATESE 


Department of Physics, 
University of Southwestern Louisiana, 
Lafayette, Louisiana 70504-4210, USA 
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The nomenclature of the 
heavy elements 


Sir — Chemical elements, previously dis- 
covered in nature by chemists, in recent 
years have been artificially synthesized by 
nuclear physicists. Due to competition 
among chemists and controversy about the 
initial description of an element, some ele- 
ments received two names, depending upon 
the country or chemist (for example bery- 
Ilium or glucinium; niobium or columbium; 


wolfram or tungsten). 

The International Union of Pure and ` 
Applied Chemistry (IUPAC) has given its 
Commission on Nomenclature of Inorganic 
Chemistry the task of recommending a 
name for a newly discovered chemical ele- 
ment. However, Commission members are’ 
not experts in nuclear physics. Of late, there 
have been conflicting claims to discovery 
of the trans-lawrencium elements, Z> 104. 
IPUAC’s policy, as written in the book of; 
Nomenclature of Inorganic Chemistry, is 
not to deny the right of a discoverer to pro- 
pose a name. 

Among the international guidelines to 
consider are: the name should differ as little 
as possible in different languages and it 
should be based on pragmatism and pre- 
vailing usage. Since usage is a major fac- 
tor, IUPAC’s choice carries no implication 
about priority of discovery, for example 
some names (Z<92) are not those originally 
proposed by the element’s discoverer. 

Meanwhile, theoreticians discuss the pro- 
perties of undiscovered elements. Although 
elements do not receive common names be- 
fore their discovery, names are needed for 
practicality, as well as for abstracting and 
retrieval purposes. a 

For these reasons only, the Nomencla- 
ture Commission proposed a system for 
naming any element with Z larger than 100 
(Pure appl. Chem. 51, 381; 1979). This is 
based upon the atomic number, with roots 
of 0 = nil, 1 = un, 2 = bi, 3 = tri,4 = 
quad, 5 = pent, 6 = hex, 7 = sept, 8 = 
oct and 9 = enn. Thus, 104 = unnilquadi- 
um, 107 = unnilseptium, 114 = unun- 
quadium, 126 = unbihexium with the equi- 
valent symbols Unq, Uns, Uuq, Ubh. 

This artificial system may look cumber- 
some and unnecessary for merely referenc- 
ing the elements. The atomic number pres- 
ently serves that purpose adequately. How- 
ever, when discussions of chemical com- 
pounds involving these elements begin to 
appear in the literature, this system will be- 
come necessary for the names of compounds ` 
and their formulas. 

One may always refer to an element by ` 
its number only. However, the optional 
system above provides an internationally 
accepted name. 

Of course, once the claim of discovery 
of a new element and its proposed name 
is accepted by the scientific community, the 
Commission is ready to incorporate any 
name given by the discoverer. 

YVES JEANNIN 
Chairman, IUPAC Commission on 

Nomenclature of Inorganic Chemistry, 
Laboratoire de Chimie des Metaux de 

Transition, 

Universite Pierre et Marie Curie, 


Paris 75005, France A 
NORMAN E., HOLDEN- 


Immediate Past Chairman, 

IUPAC Commission on Atomic Weights 
and Isotopic Abundances, 

National Nuclear Data Center, 

Brookhaven National Laboratory, 

Upton, New York 11973, USA 
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Bio-Rad’s new Model 2550 EIA 
reader packs fully automated capa- 
bility into a compact, affordable 
system that doesn't sacrifice 
performance. 


In fact, the 2550 combines the latest in 
fiber optics with a proven vertical pathlength 
design for exceptional sensitivity and accu- 
racy in two measurement modes: absorbance 
and matrix (for rapid screening). 

All this, plus simple, dependable 
operation. 

All 2550 functions are 
entered on a touch-sensitive 
keypad with a minimum num- 
ber of steps. Audible beeper 
and “ERROR” function indicators 
help to insure correct function 
entry. And on-board self-diag- 
nostics let you know in advance if 
problems exist. 


Multiple wavelength 
capability, too. 

The 2550 is available with filters 
from 380 to 700 nm. Four of the « 
more popular wavelength filters 
are provided as standard equipment. 
More ways to increase your ELISA 
productivity. 

With optional serial and parallel interfaces 
you can hook the 2550 up to a computer for 
high sample volume data handling and 
sophisticated data analysis. 

For routine protein determinations, the 
2550 and Bio-Rad’s Protein Assay Kit com- 
bine for simple, accurate automated protein 
determinations—at rates up to 80 samples 
per minute! 

And Bio-Rad also offers an extensive line 
of affinity purified antibodies, enzyme-anti- 
body conjugates, pipets, tips, and plates for 
all ELISA applications. 

in other words, the Model 2550 EIA reader 
is part of a comprehensive line of products 
developed for ELISA screening, protein deter- 
mination, and related applications. It’s a 
system that will save your time, money—and 
bench space. 
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For complete information on the Bio-Rad 
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ELISA products, call our toll-free number 
(800) 4-BIORAD or write: 


Bio-Rad Laboratories 
Chemical Division 
2200 Wright Avenue 
Richmond, CA 94804 
(415) 234-4130 


Also in Rockville Centre, N.Y, Australia, Austria, 
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: The ability of cancer cells to produce and to respond to their own growth factors (autocrine secretion) 
has become a central concept linking oncogene and growth factor research. Oncogenes confer growth 
-~ factor autonomy on cells not only by coding directly for autocrine peptide growth factors or their 
> receptors, but also by amplifying the mitogenic signals generated by a growth factor at its receptor. 
Antagonists of positive autocrine growth factors can inhibit growth of cancer cells in experimental 
animals. Recently identified negative autocrine growth factors might themselves control aberrant cell 


growth. 





_ AUTOCRINE secretion of growth factors is a concept which is 
emerging as a unifying theme in the search for the molecular and 
cellular basis of malignant transformation. This search has resul- 
< ted in the merging of the previously separate fields of study of 
either oncogenes or peptide growth factors, as seen in the recent 
< discoveries that oncogenes can confer growth factor autonomy 
on cancer cells'~>. The relatively autonomous nature of malig- 
_ nant cells has been known for many years; that is, they require 
fewer exogenous growth factors for optimal growth and multipli- 
cation than do their normal counterparts*. To explain this 
phenomenon, it was suggested that cells could become malignant 
by the endogenous production of polypeptide growth factors 
acting on their producer cells via functional external receptors, 
allowing phenotypic expression of the peptide by the same cell 
that produces it’. This process has been termed ‘autocrine 
secretion’. The ability of oncogenes to make cancer cells 
. autonomous of growth factors can now be explained by this 
autocrine hypothesis, particularly if the hypothesis is broadened 
i to include the importance of receptors and post-receptor signal 
“transduction as critical control elements in the normal mitogenic 
pathway. Here we summarize data supporting the original auto- 
: crine hypothesis and present a revised version to account for 
some significant new findings. 


Evidence for the autocrine hypothesis 


There is now much circumstantial and direct evidence to support 
the original hypothesis. Many types of tumour cells release 
polypeptide growth factors into their conditioned medium when 
grown in cell culture and these same tumour cells often possess 
functional receptors for the released peptide. The peptide growth 
factors that function via an autocrine mechanism in cancer cells 
include type @ transforming growth factor (TGF-a), peptides 
related to platelet-derived growth factor (PDGF), bombesin and 
type 8 transforming growth factor (TGF-8). The action of each 
of these four peptides is mediated by a distinct membrane 
receptor, which in turn activates a post-receptor signalling 
mechanism and leads eventually to a mitogenic response. As 
_ discussed below, such a signalling pathway may be modified by 
oncogene expression at the receptor or post-receptor levels, as 
¿ well as by alteration of the level of expression of the growth 
» factor itself. Indeed, the ability of many oncogenes to confer 
growth factor autonomy on cancer cells seems to be related to 
their alteration of a receptor or of a post-receptor signalling 
pathway, rather than to a primary alteration in the synthesis 
and release of a specific growth factor. 

The autocrine action of a growth factor in a cancer cell was 
first described in rodent cells transformed by either Moloney’ 
‘or Kirsten? murine sarcoma viruses (Mo-MSV and Ki-MSV, 
~ respectively). The first peptides identified as participating in this 
- transformation’ are structurally related to (but distinct from) 
epidermal growth factor (EGF) and are now called type a TGFs. 
The only known receptor for these peptides is the EGF receptor 
and all of their effects are thought to be mediated through this 








locus. Many data indicate that human cancer cells produce and. 
release TGF-a@ and have functional receptors for this pep- 
tide'’'?. The relationship between release of TGF-a and trans: 
formation is clear, as a result of experiments with temperature- 
sensitive mutant rodent sarcoma viruses*'*'5, In these experi- 
ments, TGF-a@ was not released into the medium unless cells 
were grown at a temperature permissive for transformation, 
Thus, the strict dependency of TGF-a secretion on the transfor: 
med state of these sarcoma cells suggests that viral oncogene 
products such as p37”° and p21“** control TGF-a synthesis. 
at either the transcriptional or translational level. The recent 
cloning of both the human'® and rat” genes for TGF-a will. 
now enable investigation of the details of the actual molecular. 
mechanisms involved. Transformation of rodent cells by either 
the Moloney, Harvey (Ha) or Kirsten viruses involves addi- 
tionally the release of other peptide growth factors, in particular 
TGF-B (ref. 18) and PDGF-related peptides'’®. A direct. 
mechanistic connection between transformation and the release 
of these other peptides has not yet been shown, although it is’ 
known that phenotypic transformation of non-neoplastic ‘rat’ 
kidney (NRK) fibroblasts by growth factors requires the concer- 
ted action of at least three peptides, TGF-a, TGF-B and PDGF”, 

The experimental data providing the most evidence for the 
autocrine hypothesis come from the relationship of the oncogene 
product of simian sarcoma virus (SSV) and PDGF; the N- 
terminal 109 amino acid residues of the B-chain of PDGF are 
almost identical with the sequence of the transforming protein 
p28" of SSV??? Production of PDGF-like molecules occurs 
in human osteosarcoma’*** and glioma” cells, in several lines 
of simian virus 40 (SV40)-transformed cells'?**, in mouse fibro- 
blast 3T3 cells transformed by Mo-MSV and Ki-MSV"”, as well . 
as in the human T24 bladder cancer cell line expressing a 
mutated ras proto-oncogene’’. The PDGF-like substances pro- 
duced by all these tumour cells, except for the SSV-transformed 
cells, seem to be encoded by cellular genes. Many of the transfor- 
med cells producing PDGF-like peptides also have functional 
PDGF receptors'®*”?5; antisera to PDGF specifically block 
thymidine incorporation into DNA when added to cultures of 
3T3 or NRK cells transformed by SSV”*. Furthermore, the ability 
of a series of SSV-transformed cells to grow in nude mice 
correlates with their ability to produce and release PDGF-related 
peptides; transformed cells secreting low amounts of PDGF 
grow poorly in nude mice, whereas cells secreting high amounts 
form large tumours”. 

Recent studies with PDGF-like peptides in smooth muscle 
cells from both young” and injured *° animals now provide 
experimental evidence for an earlier suggestion® that the auto- 
crine mode of growth factor action is not limited to cancer cells. 
Although arterial smooth muscle cells isolated from adult rats 
do not produce significant amounts of PDGF-like peptides, the 
corresponding cells from either very young rats or rats with 


arterial wall trauma release biologically significant amounts of 


these peptides into their extracellular medium. Autocrine 











mechanisms for self-stimulation may thus be of critical physio- 
-logical importance during the repair of tissue injury, as in wound 
= healing and during the explosive (and sometimes invasive) 
growth of the early embryo; only the inappropriate expression 
of an autocrine peptide may be pathological. 

Most of the above data provide only circumstantial evidence 
for the biological significance of an autocrine mechanism of 
growth factor action in cancer cells. A critical experiment would 
be to control the growth of cancer cells by an extracellular 
antagonist of a presumed autocrine peptide. This has been 
accomplished recently?! with monoclonal antibodies to the 
tetradecapeptide bombesin, produced and released by most 
human small-cell lung cancers (‘oat cell’ cancers)*?"**. High 
concentrations of bombesin occur in these highly malignant 
cells, which also have functional receptors for the peptide”. 
Bombesin is a potent mitogen for 3T3 cells*® and can stimulate 
clonal growth of small-cell lung cancer cells in serum-free 
medium”. Monoclonal antibodies specific for the C-terminal 
region of bombesin not only inhibit the binding of bombesin to 
its receptor, but also inhibit markedly both the clonal growth 
of small-cell lung cancer cell lines in vitro and the growth of 
xenografts of these cells in nude mice*'. These experiments 
provide a paradigm for other growth factors that may act via 
an autocrine mechanism. 


Other autocrine mechanisms 


As noted earlier, the autocrine action of an effector peptide may 
be amplified by mechanisms other than a concentration increase. 
For example, enhanced cellular responsiveness to a growth 
factor may result also from a change in the number or affinity 
of the receptors for the growth factor. Thus, very high numbers 
of EGF receptors occur in squamous carcinoma cells derived 
from human head and neck cancers*’, as well as in the inten- 
sively-studied A431 cell line**°, derived also from a squamous 
carcinoma. In A431 cells, a population of receptor molecules 
with extremely high affinity for EGF has been identified; this 
subset of receptors may be involved in the mitogenic response 
of cells to EGF***', Such receptors are important, because 
monoclonal antibodies to them inhibit not only the proliferation 
of A431 cells in culture, but also their growth in vivo in athymic 
mice. Another type of tumour cell in which a receptor abnor- 
mality seems to be important is the leukaemic adult human T 
cell. Unregulated expression of the receptor for interleukin-2 
(IL-2, T-cell growth factor) may contribute to leuk- 
aemogenesis**-*’, although at present there is little evidence for 
significant autocrine action of IL-2 itself in leukaemic T ceils”. 
. A further way to achieve an enhanced degree of signalling 

by the pathway normally activated by either TGF-a or EGF is 
to make the activation of the receptor independent of the effec- 
. tor; the erb-B oncogene may function in this manner to trans- 
form cells. The product of this gene has significant sequence 
homology to the transmembrane and cytoplasmic (tyrosine 
kinase) domains of the EGF receptor’, but the protein encoded 
by erb-B lacks the portion of the EGF receptor responsible for 
the extracellular binding of its ligand. In this.case, the truncated 
receptor probably has the capacity to generate a mitogenic 
signal, independent of its ligand. Other oncogene products local- 
ized to the cell membrane (such as the src and abl proteins”), 
as well as other growth factor receptors (such as the receptors 
for PDGF”, insulin” and insulin-like growth factor 1°°), also 
have intrinsic tyrosine kinase activity. Thus, the erb-B/EGF 
receptor homology may be a useful model for identification of 
other growth factor receptors as products coded by oncogenes. 

In addition to the oncogenes related directly to either growth 
factors or their receptors, other sets of oncogenes confer growth 
factor autonomy via indirect mechanisms, such as the post- 
receptor signal transduction pathways that generate a mitogenic 
response in a cell after growth factor stimulation; that is, the 
events whereby changes in the membrane receptor are translated 
into activation of specific genes in the nucleus. Three oncogenes 
implicated directly in these signalling pathways are Ha-ras, myc 
and fos. The p21 product of the Ha-ras gene is localized on the 





cytoplasmic side of the plasma membrane*'-? and binds GTP”. 
Normal cellular p21 has a GTPase activity, greatly reduced when 
the transforming potential of p21 is activated by mutation®***. 
These data, together with the homology between the ras 
oncogene products and the G-protein regulators of adenyl cyc- 
lase activity" (which require bound GTP for activity), implicate 
ras in transduction of the signal across the plasma membrane. 
Experiments showing GTP-binding activity of transforming 
Ha-ras p21 to be enhanced by EGF” (and presumably by 
TGF-a) further suggest that secretion of TGF-a by ras-trans- 
formed cells has a role in amplifying this signalling pathway. 

In contrast to the ras p21 proteins, peptides encoded by the 
fos, myc? and myb®' oncogenes are localized in the nucleus; 
furthermore, they are expressed differentially during cellular 
proliferation} and differentiation“ ®", Two lines of evidence 
link directly these oncogenes to signalling pathways for growth 
factors: first, treatment of cells with PDGF enhances transcrip- 
tion of both mye and fos“ genes; second, although mitogenic 
stimulation of normal fibroblasts by EGF requires PDGF, 
fibroblasts transfected with a cellular myc gene attached to a 
strong promoter no longer require PDGF to induce a ‘com- 
petency’ for replication (these cells undergo mitosis when treated 
with EGF alone)”. Cells transfected with myc, but not their 
normal counterparts, can be stimulated to form colonies in soft 
agar in the presence of growth factors such as EGF’'. Thus, 
constitutive expression of myc alters the sensitivity of a cell to 
growth factors. It is not known whether fos and myb confer 
similar cellular sensitivity to growth factors and if the peptide 
products of fos, myc and myb are induced in parallel, or form 
part of a sequential signalling pathway”. 


Negative autocrine growth factors 


The signalling pathways activated by an autocrine peptide need 
not evoke a positive growth response, as seen most strikingly 
in the response of cells to TGF-f. This peptide was characterized 
initially by its ability to stimulate the growth of non-neoplastic 
fibroblasts as colonies in soft agar’. However, TGF-B can be 
also a potent inhibitor of the growth of many cells; in one case 
this negative action of TGF-8 is clearly autocrine’””*. TGF-8 
(or a closely related peptide) is released by confluent monkey 
kidney cells; these cells have receptors for TGF-B”* and respond 
with an inhibition of growth”, suggesting that in certain cells 
endogenous TGF- plays a role in cell-cycle regulation, specifi- 
cally in the maintenance of a resting state. Picogram amounts 
of exogenous TGF-B can inhibit the growth of many types 
of cells”, including both neoplastic and non-neoplastic cells of 
either fibroblastic or epithelial morphology. The set of condi- 
tions in a cell determining whether the action of TGF-6 is 
positive or negative for growth is complex and cannot be 
explained simply by differences in cell type, growth conditions 
or the concentrations of TGF-8. For example, rat fibroblasts 
transfected with the myc gene have a response to TGF-8 depen- 
dent on the entire set of growth factors acting on the cell; in 
the presence of PDGF, picogram amounts of TGF-B stimulate 
anchorage-independent cell growth whereas the same amounts 
of TGF-B have a strong anti-proliferative effect on cell growth 
in the presence of EGF”. 


A revised autocrine hypothesis 


The growth inhibitory properties of TGF-8 suggest that this 
peptide, purified to homogeneity”*-”’ and characterized in terms 
of its amino acid sequence (R. Derynck et al., in preparation), 
represents a new class of autocrine negative growth factors. It 
has been suggested previously that a cell might produce its own 
specific growth irthibitory substances”, but any strong experi- 
mental evidence based on studies with highly potent 
homogeneous peptides was lacking until it was found that TGF- 
B suppresses the growth of the same monkey kidney cells that 
produce it’”. Thus, the autocrine hypothesis may now be 
extended to include the concept that malignant transformation 
may be the result not only of excessive production, expression 
and action of positive autocrine growth factors, but also of the 















ailure of cells to synthesize, express or respond to specific 
negative growth factors they normally release to contro! their 
own growth. This loss of negative growth control may result 
from a biochemical lesion in either the growth inhibitor, its 
: receptor or the post-receptor signalling pathway. 
- The development of antagonists of positive autocrine growth 
factors, suggested previously’, has provided a useful new 
approach to the control of growth of cancer cells. The newer 
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formulation of the autocrine hypothesis presented here no : 
additionally emphasizes the importance of negative growth fac- 
tors for this purpose. The new hypothesis is therapeutically 
optimistic as it renews interest in the possibility of restoring | 
growth control to cancer cells by replacement of a deleted or 
defective growth inhibitor. oe 
We thank Susan Perdue for assistance in the preparation of 
the manuscript and Richard Assoian for helpful comments. 
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The Seyfert galaxy NGC4151 observed when the nucleus is at a minimum has two emission lines of full width at half ` 
“maximum <7 and 16 A respectively and varying in intensity by a factor of three in 10 days. These lines are too narrow 
to be emitted by the whole broad-line region and must arise instead from two localized regions which have a special 


excitation mechanism, possibly a two-sided jet. 





THE nature of the energy source in quasars and active galactic 
‘nuclei is still unknown. Information on the physical conditions 
near the energy source can be obtained from the analysis of the 
optical and ultraviolet spectrum of the dense gas in the nucleus. 
Our previous work on the time variations of the continuum 








emitted by the central source'” and of the intensity and profiles 
of the emission lines* has established that the line intensities 
vary in response to the variations of the central ionizing flux 
and that the broadest components of the lines vary with the 
shortest time scales*. As an example, the variable component 
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Fig. 1 The ultraviolet spectrum of NGC4151 between 1,200 and 

1,950 A in May 1981. Thick line, spectrum on May 12; thin line, 

spectrum on May 17. Each spectrum is obtained from two SW P 

images taken during the same IUE shift. Note that the spectrum 

has not changed in 5 days except at the positions of L, and L,. 
Ordinates in 107 erg cm™? s~! A~ 


of the C 1VA 1550 line has a full width at half maximum (FWHM) 
of ~40 A and varies on a time scale of 10 days’. The details of 
the time variations can best be explained by the light travel time 
effects of the varying continuum as it spreads throughout a 
gaseous nebula where the velocity dispersion of the gas decreases 
from the centre outwards*“, 

The discovery of two narrow emission lines on either side of 
C 1vA1550 (FWHM corrected for instrumental profile <7 and 
16 À respectively) and varying on a time scale of 5 days was 
.. therefore unexpected. These unidentified lines do not follow the 
behaviour of the lines emitted by the entire broad-line region, 
which suggests that they come from special locations in the 
broad-line region and have a special excitation mechanism. We 
describe here the analysis and interpretation of these two 
emission lines. Our investigation is restricted to the periods of 
minimum or ‘low state’ of the nucleus of NGC4151 when these 
` lines can be best studied. 


Low states and observations 


The intensity of the ultraviolet continuum and of the C rvA 1550 
line in NGC4151 varies by a factor of ~3.5 (refs 2, 3). Sometimes, 
the nucleus goes into low states characterized by: (1) weakness 
of the wings of the C Iv line and of the other weaker permitted 
lines and (2) low level of the ultraviolet continuum with f, 
(1,440-1,470 A)<4x107'4 erg cm™? s~’ A“! The weakness of 
the C Iv wings probably results from an insufficient photon flux. 
Our earlier data set“? (taken between April 1978 and May 
1980) showed NGC4151 in a low state only once, on 1980 April 
21. Remarkably, low states have become more frequent between 
March 1981 and June 1984. The data analysed here were taken 
on 43 different days between 1981 March 26 and 1984 June 6. 
Each observation corresponds to 4h of IUE” time, sufficient 
to take two correctly-exposed spectra of NGC4151 in each of 
the two wavelength ranges of IUE (short wave (SW): 1,200- 
1,970 A and long wave (LW) 1,920-3,190 A). The characteristics 
of the 1981 spectra are given in ref. 5 and those of the other 
spectra remain to be described. 


Special lines L, and L, 

Line intensities at low states. The special lines L, and L, are 
shown in Fig. 1. The two spectra, taken 5 days apart in May 
1981, represent the fastest variation of L, and L, so far observed. 
Between April 1981 and June 1984, L, and L, have undergone 
several maxima and minima (Fig. 2a,b). The lines L, and L, 
were very weak (or undetectable) on 1981 March 26-30, 1981 





July 16, 1984 March 30-April 2, whereas they were strong in 
1981 May 17-June 8, 1984 March 6-18 and clearly detectabl 
on 1984 June 2. Thus, L, and L, fade and then reappear several. 
months later at the same wavelengths. At the same low-state 
epochs, the other lines remain constant, except for some small 
variations in the (weak) wings of C 1vA 1550 and the blue side 
of the narrow component of this line. 

L, and L, are not caused by instrumental effects because: (1) 
The positions of the lines in the recorded spectrum or in the 
corresponding background subtracted to obtain the net spectrum 
are close neither to the reseau marks nor to the bright spots of 
the detector which all have well-known and catalogued posi- 
tions®. (2) The spurious spectral anomalies which recur at fixed 
locations on the camera target and the fixed pattern noise are 
also well documented’. None of these spurious features occur 
at wavelengths close to those of L, and L}. (3) L; and L, do 
not appear in the spectra of standard stars®” routinely taken for 
calibration purposes and which have a signal-to-noise ratio 
similar to our spectra. (4) These lines have not been seen in 
various kinds of well-observed objects such as planetary 
nebulae, 3C273, BL Lac objects and others, the spectra of which 
have been scrutinized for new emission lines in the ultraviolet. 

On the first ultraviolet medium resolution spectrum of 
NGC4I51 ever taken (recorded during a rocket flight on 10 
February 1978), a line, most probably L,, at 1,584-1,591 A with 
an intensity of 73 x107'* erg cm~? s"! (close to the maximum 
observed for L,) was detected'°. The continuum at 1,440-1,470 A 
is ~8.5 x107 ergcem™*s~' A~', corresponding to a medium 
state and consistent with the fairly strong wings of C 1vA 1550 
on that date. 

The intensities of L, and L, at low states have been measured 
in the intervals 1,513-1,528 A and 1,590-1,613 A, respectively, 
by approximating the local continuum with a straight line. The 
intensities in 1981 and 1984 are plotted in Fig. 3a,b together 
with the continuum in the interval 1,440-1,470 A. Variations by 
a factor of <4 have occurred, whereas during the same low 
states, the lines N IV]A1486 and He 11A 1640 of similar width 
have varied by <20%, consistent with no variations (within our 
limits of experimental error). 

There is some correlation between L, and L, variations, for 
example, the lines appear and disappear together. Their intensity 
(I) ratio I(L;)/I(L,) is not constant but oscillates between 1.8 
and ~4. There may be some connection between the intensities 
of the lines and the continuum level, as the lines vanish below 
a certain value of the continuum, f.(1,440-1,470)~ 
2.7x107'* erg cm? 57! ÅT 

The time delay, ta, between the variations of L, and L, is the 
largest number of days by which the light curve of L, can be 
shifted (backward or forward) and still overlaps with the light 
curve of L,. Figure 3a,b gives ta < 10 days, this limit originating 
mainly from the variations in May 1981. 

Wavelengths and line widths. The wavelengths of L; and L; have 
been measured by fitting gaussian curves without removing the 





Table 1 Observed and rest wavelengths of L; and L, (A) 








Epochs of 


observing N ivJA 1486.5 L, La He 1A 1640.5 
1980 April 2! 1,491.2 1,522.9 1,600.7 1,646.5 
(1.3) (1.4) - (1.5) (1.5) 
1981 May 17-June 8 1,491.0 1,523.5 1,599.7 1,647.0 
(0.3) (0.6) (0.8) (0.5} 
1983 November 7-19 1,491.0 1,524.1 blend 1,647.0 
(0.4) (0.8) (0.4) 
1984 March 6, 10; June 2 1,490.5 1,523.5 1,598.3 1,646.4 
(0.8) (0.7) (0.6) (0.7) 
Average 1,490.9 1,523.5 1,599.6 1,646.7 
Rest wavelengths 1,486.1 1,518.5 1,594.4 1,641.4 





The wavelength of L, and L; in four different years measured at those epochs 
or groups of epochs of low states when L, and L, are strong. Errors are shown 
in parenthesis. Before the measurements some of the spectra were shifted slightly 
in wavelength to have the peak of C 111JA 1908.73 at 1914.95 on all spectra (z= 
0.00326). The 6th line gives the average for the four different years with the same 
weight to all years; the last line gives the average rest wavelengths. a 












ocal continuum; the accuracy of the measurement decreases as 
‘the lines become weaker. There is, however, no sign that the 
“measured wavelengths vary systematically with the line 
intensities..To explore the possibility of a secular trend of the 
wavelengths, we have selected for each year the low state days 
when the lines were stronger (Table 1). We find an upper limit 
of 0.10 on the relative change over 3 yr of the difference in 
_ wavelength between the C rv peak and either of the lines L, 
and La 

The rest wavelengths obtained from the mean of the values 
-in Table 1 and after correction for the systemic red shift are 
1,486.1 Å and 1,641.4A for N1v]A1486.5 and He IA 1640.5 

_ fespectively, and are 1,518.5 A and 1,594.4A for L, and L, 
respectively, with an accuracy of +1.5 A. 

The FWHM of medium or strong L, and L, is ~11 and ~18 A, 
respectively (without correction for the instrumental profile) 
and <7A and <16A respectively after this correction. The 
FWHM of the broad variable component of C IVA 1550 has been 
measured on the difference spectra obtained by subtracting a 
low state spectrum (specifically, from 1980 April 21) from the 
spectrum at different epochs of medium or high states. (For 
examples of such spectra, see refs 1, 3, 4.) We find that it depends 
slightly on the epoch and is most often between 45 A (for 
example, 1978 December 9, 1980 May 15) and 40A (for 
example, 1978 October 19), thus appreciably larger than the 
FWHM of L, and L}. An important consequence of the narrow- 
ness of L, and L, is that these lines do not originate from the 
entire region that emits the broad variable component of 
C IVA 1550, but must come instead from a region or regions with 
a localized ionization and excitation mechanism. 

. High or medium states of the spectrum. When the nucleus is in 
a high or medium state, that is, 1978-1980 (except 21 April 

1980), 1982, 1983 (except 15-19 November), L, and L, are not 
_. seen distinctly; they are blended with the wings of the C rv line. 
_ Their temporal behaviour at medium and high states is thus not 
_ well known except that: (1) L, and L, do not vary proportionally 
-© to the wings of the C rv line at their wavelengths and (2) there 
-+ is no evidence so far that the lines (if they keep the same FWHM) 

ever become appreciably stronger than they can be at low states, 

for example, in 1981 May 17-June 8. This second point was 
verified by subtracting a fraction (between 1 and 2.5) of the 
lines L, and L, as they are on 23: May 1981, from spectra at 
different high states. The subtraction produces a minimum at 
the position of L, and L,, indicating that these lines do not 

increase substantially above twice their value of 23 May 1981 

regardless of the total intensity of C 1v or of the continuum. 

Thus, either the lines L, and L, do not respond to the variations 

of the ionizing continuum responsible for the variations of the 

bulk of C 1vA 1550, or they stay constant or decline when the 
continuum is intense because the element which they represent 

: enters a higher state of ionization. 

In summary, when the nucleus passes from low states to high 

_ states, L, and L, do not follow the general increase of intensity 
: of the permitted lines accompanying the increase of the con- 
< tinuum flux. At low states, they can vary by a factor up to 4 
~ whereas the other lines stay constant. (If the full width at half 
intensity of L, and L, increases at medium and high states, L, 
and L, can blend with the wings of C IVA 1550 and could increase 
significantly in intensity without being detectable as separate 
lines.) 

No attempt has been made to measure the intensities of L, 
and L,.at high and medium states. Measurements of L, (Fig. 
3c) for February 1982 and 4-11 November 1983 which are 
epochs when the nucleus was almost in low states are considered 
tentative because the wing of C 1vA1550 makes the definition 
of the ‘local continuum’ rather uncertain. 

; Feature L}. L, is most often seen as a narrow isolated line, but 
sometimes appears blended with a feature L; varying in intensity 
--and possibly also in width and in wavelength (Fig. 2c). In 1981, 

‘Lz was almost absent and was rather weak in 1984; it may have 

increased and faded again in the meantime, suggested by the 
„~ evolution of the spectrum from 1982-1983 (Fig. 4) when the 
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Fig. 2 Examples of NGC4151 spectra at 8 epochs, all low states. 
a, b, Spectra arranged in chronological order showing the variations 
of the lines L, and L,. a, 1981 March 26/30 shifted by +20, May 
23 shifted by +10 and July 16. b, 1984 March 10 shifted by 
+20, April 2 shifted by +10 and June 2. Ordinates in 
107'*ergcm™?s~' A~!. c, Three low-state spectra arranged by 
increasing contamination of L, by the feature L4. When L} is nearly 
as large as, or larger than L, (for example, 1983 November 19) no 
attempt has been made to measure I(L,). The spectrum of 19 
November 1983 has been shifted by +20 and that of 6 March 1984 
by +10. Ordinates in 107 erg cm~? 57! Ao. 


nucleus was at medium or high states. The feature L} seems to 
have increased from February 1982, reached a maximum on 6 
November 1982 then decayed in 1983, suggesting that a substan- 
tial fraction of the red wing of the C rv line was contributed to 
by a single red-shifted cloud. When L} is almost as strong as 
L, (or stronger) we have not measured the intensity of L, because 


it is not possible to separate it from L4. When L4 is weaker, as 
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Fig.3 The continuum in the window 1,440-1,470 A and line intensities at the 43 epochs at which NGC4151 was observed between 26 March 
1981 and 6 June 1984, a, b, Observations in 1981 and 1984. The nucleus was in a low state at all epochs of observations. The low state 1980 
April 21 is added to a. c, The continuum in 1982 and 1983. Measurements of L, in February 1982 and 4-11 November 1983 are tentative. 
Closed circles, average of the values obtained from two different images taken during same shift; extremities of the error bars represent the 






























on 1984 March 6, the local continuum used to measure L, is 
the one underlying both L} and L,. 


Identifications 


Several mechanisms of fluorescence give lines in the ultraviolet 
such as the excitation of H, by Lya (ref. 11) and the excitation 
< of CO and Fe 1 lines by the C rvA1550 doublet'?'*, but none 
of the lines coincide with L, and L,. We could not find any 
< convincing evidence for L, and L, in line lists of objects such 
as planetary nebulae, the Sun’? or RR Tel’, Nor could we 
identify any new fluorescence mechanisms using the Revised 
Multiplet Table and other line lists'*’”. 
We do not agree with the identification with O 111 proposed 
for L, (ref. 11) as the excitation of so high a term is difficult. 
Even if L, and L, are emitted by ions at the red shift of NGC4151, 
> the problem of explaining the remarkable temporal behaviour 
and narrow width of the lines will remain. 
It is important to search for L, and L, in other galaxies, as 
the existence of lines with the same behaviour and at the same 
‘wavelengths would indicate that these lines are transitions at 
> rest with respect to the nucleus and not shifted components of 
C1vA 1550. Weak features have been noted occasionally in the 
- wings of the C rv line but none are as distinct or as narrow as 
L, and L, in NGC4151. A broad weak feature near Ares = 1,588 A 
in MCG-2-58-22, NGC5548 and NGC7469 has been found and 
identified tentatively with multiplets of Sit (ref. 18). From our 
. 26 spectra of NGCS5548 (ref. 19), there is some weak evidence 
-for a broad, possibly double, low signal-to-noise feature in the 
range Aree ~ 1,580-1,610 A. The spectrum of F9 during its 
minimum of October 1984 shows a weak narrow feature at 
Ages: = 1,588 + 1.5.A. Another weak feature appears in the spec- 
< trum of NGCS5548 as a plateau or a change of slope near 
aie fe A+4A and could be caused by Si 11 absorption at 
1,821 A, 
~The positional coincidence of the two features near 1,516 A 
and 1,580-1,610 A in NGC5548 with L, and L, in NGC4151 is 
not by itself sufficient to establish their identifications with L, 


individual measurements; open circles, value measured on one spectrum only; ordinates, f, is in 107'* erg cm~? s™' A~'; I(L,) and I(L,) are 
in 107'* erg cm™? 57". 


1 


and L,, because other processes (for example, individual large 
clouds in the broad-line region; multiplets of Fen or other 
unidentified transitions) can produce features at these 
wavelengths which would approximately follow the behaviour 
of the other broad emission lines. 


L, and L, as components of C 1vA 1550? 


The lines L, and L, in NGC4151 are too narrow to be emitted 
by the whole broad-line region but must originate instead from 
two localized regions where the gas is ionized and excited by a 
mechanism other than photoionization by a roughly isotropic 
central continuum source. . l 

L, and L, may be components of C 1vA 1550 emitted by twa 
regions where the gas has a line-of-sight velocity of —6,100 and 
+8,500 km s~" respectively with respect to the systemic velocity. 
No components at these velocities are observed in Lya; 
C 111JA 1909 and Mg 1142798. But in collisionally ionized plas- 
mas (for example, stellar chromospheres and transition regions} 
C två 1550 may be by far the strongest line and these non-. 
detections may be explained by a combination of a high tem- 
perature, T>30,000K and a high electron density, n,> 
10° cm™*, in the regions emitting L, and L3. 

The maximum values of J(L,) and I(L,) are 35107" and 
70 x107'* erg cm™*s~', respectively. The mass of gas emitting 
L, at its maximum, calculated assuming normal abundances, a 
distance of 10 Mpc, C all in C*? and T,~3x10*K is 1.5% 
10° nz’ in Mo or ~10°* Mo for n,~ 10° em™. 

There are several kinematic interpretations if L, and L, are 
components of C vA 1550, two of which are discussed briefly 
below: 
Free-flying clouds. The regions emitting L; and L, could be 
emitted by two isolated clouds which are ejected, orbiting around: 
the central object, or free falling. In ejected clouds, the distance 
(perpendicular to the plane of the sky) travelled in 3 yr by clouds 
leaving the nucleus with a line of sight velocity of ~7,000 km s~ 
is 7x 10'° cm, several times the radius of the broad-line region. 
If these clouds are photoionized by the central source, an unob- 
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io Fig. 4 The evolution of the spectrum of NGC4151 between 

' February 1982 and March 1983. During that period the nucleus 

was found in medium and high states only. The spectra shown are 

the average of all the individual spectra taken the same month (the 

©- days of observations are found in Fig. 3c). The spectra of March 

83, November 82 and April 82 have been shifted by +100, +60 
and +30, respectively. Ordinates in 10°'* erg cm™? 57! Å? 


served gradual and monotonic change of the intensity of L, and 
L, would be expected. Alternatively, the clouds could be in an 
approximately circular orbit. A minimum value of the trajectory 
tadius, R, can be calculated from the fact that the relative 
variation of the line of sight velocity (v) is dUa»s/ vans < 0.10 in 
3.yr. Assuming that the clouds are now travelling at ~45° from 
“the direction of the line of sight, R=8 x10" cm, that is, 25 
times further out than the normal clouds in the broad-line region. 
JA third possibility is that the two clouds are falling towards a 
-central object of mass ~10° Mo. The limit on the change in 
velocity in three years quoted above gives a limit to the acceler- 
ation undergone by the clouds and thus a lower limit to their 
¿radial distance. We find R >4x10" cm. All these possibilities 
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nsistent with the delay ysb ni 
ations of L, and L, as this implies : a 2 line of sight separation of 
<10 light days or ~3 x 10'° cm. 
Bi-sided jet. Another possibility is that the special regions emit- 
ting L, and L, are associated with a two-sided jet similar to 
88433. In this case, L, and L, would be emitted by gas ina 
constant velocity flow. Let us call ð the angle between the | 
direction of the jet and the line of sight, d; and d, the distances 
of the regions emitting L, and L, from the origin of the jet and 
assume that the energy is carried along the jet at a velocity v. 
The time delay | between the observed responses of L, and Lisi 
ty = (d)— d,)v7'+(d,+d,)e7' cos 6. The minimum delay (d) is: 
for d, =d, and the observed upper limit of 10 days gives an 
upper limit of (5/cos @) light days on the mean distance of the 
regions emitting L, and L, to the centre. For comparison, the 
bulk of the broad variable component of C IVA 1550 comes from 
a region spread between ~ 10 and 20 light days from the centre 
Thus, for 6<60° the regions emitting L, and L, are closer to 
the centre than is the broad-line region. 

If the asymmetry of L, and L; in velocity shift is now inter: 
preted as resulting from the transverse Doppler effect and the 
gravitational red shift can be ignored, and if the regions emitting 
L, and L, are moving at the same speed in opposite directions, 
then one obtains B = v/c=9.5 x 107 or v = 28,500kms7' and 
0 =75°. The jet would then lie almost in the plane of the sky, 
which would imply a large misalignment between the angular 
momenta of the massive central object and of the galaxy, as 
indicated by the radio jet. 

The intensities of L; and L, are expected to vary in response 
to the variations of the amount of energy carried by the jet. 
Although a symmetrical jet produces identical variations of L, 
and L,, changing inhomogeneities in the gas in the regions 
emitting L, and L, can superpose different variations of L, and 
L>, the result being a similarity of the main features but not of © 
the details of the variations of L, and L,, which is consistent 
with our observations. 





Conclusions 


The two narrow and variable emission lines on either side of 
the C IVA 1550 line do not follow the behaviour of the broad 
emission lines emitted by the ensemble of dense clouds forming’ 
the broad-line region. They must therefore originate from small 
regions excited by a mechanism other than photoionization by 
a more or less isotropic central continuum source. An attractive 
(but speculative) possibility is that the regions emitting these 
lines (which, at present, remain unidentified) are associated with 
a two-sided jet; either a jet of relativistic particles which could | 
be the inner section of the radio jet observed on a scale of 
0.1 x5 arc $°, or the non-relativistic j jets which in the models of 
active galactic nuclei based on strong thermal winds can be 
collimated in two opposite directions”. 

Further observations of NGC4151 should be aimed at measur- 
ing or obtaining stringent upper limits to the secular change in 
wavelengths of L; and L, and to the time delay between the 
variations of the line intensities. At the same time, the search 
for lines similar to L, and L, in other galaxies should be pursued 
actively. 
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The immunoglobulin-related, T-cell specific y gene is rearranged in a wide variety of murine T lymphocytes. We detected 
y-gene transcripts in all cloned cytotoxic T lymphocytes examined but in only 1 of 11 T-helper cell lines or hybridomas. 
Although in cytotoxic T cells, the rearranged y gene seems to have been assembled from the same germ-line variable and 
Joining gene segments, the transcribed gene exhibited distinct sequence diversity near the junction between these segments. 





THE populations of B and T lymphocytes that collectively 
constitute the immune system share many properties. Both popu- 
lations are made up of many different clones, each distinguished 
by its ability to react specifically with only one or a few out of 
a practically limitless number of foreign antigens. The specificity 
of B cells for particular antigens results from clonally distinctive 
amino-acid sequences in the variable (V) domains of the heavy 
and light chains of the surface immunoglobulin molecules that 
serve as antigen-specific receptors for these cells. Thus, each 
clone of B cells normally produces two distinctive V domain 
sequences, one for its immunoglobulin heavy chains and the 
other for its light chains. T cells, like B cells, have surface 
» antigen-specific receptor molecules also made up of two poly- 
peptide chains'~*. These T-cell receptor chains, a and £, are 
also clonally diversified by virtue of variable amino acid sequen- 
ces in the N-terminal domain of each chain*"'*. However, analys- 
ing a clone of cytotoxic T lymphocytes (CTLs) in which the 
genes for the a- and B-subunits are expressed, we found that 
there is also expressed a similar third gene, represented by cDNA 
clone pHDS4/203 (refs 10 and 11), hereafter called the y gene. 

This gene has many properties in common with @ and B genes 
which include: (1) assembly from gene segments resembling the 
gene segments for immunoglobulin V, joining (J) and constant 
(C) régions; (2) rearrangement and expression of these gene 
> segments in T cells and not in B cells; (3) low but distinct 
sequence homology to immunoglobulin V, J and C regions; (4) 
other sequences reminiscent of the transmembrane and 
intracytoplasmic regions of integral membrane proteins; (5) a 
cysteine residue at the position expected for a disulphide bond 


Fig. 1 Southern blot analyses”® of > 

DNA from various T-cell lines. DNA 3 T 
was isolated from four alloreactive % CTL Ta Lymphoma 
BALB.B CTL clones?’ (2C, 2.1.1 and af awl 1 
1.5.2, anti-L*; G4, anti-D*); three T- S Pe PEE ag € 





helper (Tu) hybridomas derived 
from a BW5147 x B10.A spleen cell 
fusion’? (14; anti-GAT; 461 anti- 
dinitrophenyl ovalbumin; 2B4 anti- 
pig cytochrome c) and three 
BALB/c T-cell lymphomas”® (88,89 
and S49). Blots were hybridized with 
the following **P-labelled, nick- 
translated probes (ref. 10): a, total 
insert of cDNA clone pHDSI11 
(cDNA clones were derived from the 
cDNA library of CTL clone 2C), cor- 
responding to V+C regions of the 
f-chain gene; b, an Aval fragment 
containing 840 bp at the 3’ end of the 





linking two subunits of a dimeric membrane protein molecule. 
The function of the y gene is unknown, but because of its shared 
properties with the a and 8 genes and the intriguing finding of 
three, rather than two, expressed V-region gene segments in a 
single clone of T cells, we seek here to learn more about its 
properties. We show that the gene is assembled in diverse T 
cells from predominantly the same V and J gene segments but 
that it is nonetheless diversified due to sequence variations in 
the region of the junction of its rearranged V and J gene 
segments; although the rearranged y gene is transcribed in all 
the cloned CTLs examined, it seems to be transcribed only in 
infrequent T-helper cell lines and hybridomas. This suggests 
that the y-gene product participates in determining the specific- 
ity of CTLs. 


Rearrangements in T-cell lines 


The germ-line configuration of the y gene is rearranged in CTL 
clone 2C but not in myeloma cell lines'®. To determine if 
rearrangement occurs in other types of T cells, we examined 
DNA from various T-cell lines using separate probes for the V 
and C regions of the y gene. We also used a full-length (V + C) 
B-gene probe (pHDSI1) to compare the variability of the rear- 
rangements of the 8 gene with that of the y gene. Consistent 
with previous findings'*"'*, a unique rearrangement pattern for 
the B gene was observed in almost all of the T-cell clones 
examined (Fig. 1a). The exceptions were CTL clones 2.1.1 and 
1.5.2 which exhibited indistinguishable patterns; these clones 
are of BALB.B origin and are specific for the same antigen (L°), 
but each arose in a different mouse. 
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pHDS4 insert, corresponding to the C region of the y gene; c, an Aval fragment containing 450 bp at the 5' end of the pHDS203 insert, 


corresponding to the V region of the y gene. 


Methods. DNA was digested with Poull (a) or EcoRI (b, c), electrophoresed through 0.8% agarose gels and blotted onto nitrocellulose. Blots 
were hybridized at 42°C in 50% formamide and 5 xSSC and filters were washed at 65 °C in 0.2 xSSC. 












Fig. 2 Southern blot analyses of 
DNA from spleen and thymus sub- 
populations. DNA from subpopula- 
tions of BALB/c splenic lym- 
phocytes and thymocytes were 
examined by hybridization with the 
following probes: a, Va + Cg; b, C,; 
¢, V,. 

Methods: Surface immunoglobulin 
positive cells (sIg*) were obtained 
by panning of BALB/c splenic lym- 
phocytes (refs 30, 31) on plates pre- 
coated with rabbit anti-mouse 
immunoglobulin. Non-adherent 
cells were incubated with rat anti- 
Lyt-2 monoclonal antibodies (a mix- 
ture of monoclonal antibodies 2.43.5, 
3.155.2, 3,239.2, 3.168.8, all provided 
by Dr Frank Fitch; ref. 32) or a rat 
anti-L3T4 monoclonal antibody 
(GK1.5, provided by Dr Katherine 
Wall, ref. 33) for 30 min. After wash- 
ing, cells were incubated on plates 
precoated with rabbit anti-rat 
immunoglobulin and the adherent 


cells (Lyt 2* or L3T4*) were recovered. BALB/c thymocytes were separated into mature and immature subpopulations by agglutination with 
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peanut agglutinin (PNA™ mature; PNA* immature)“. DNA was extracted from the enriched subpopulations, digested with Prull (a) or 
EcoRI (b, c), and electrophoresed at approximately equivalent concentrations through 0.8% agarose gels. DNA was blotted onto nitrocellulose 


and hybridized as described in Fig. 1 legend. 


In contrast to the highly diverse rearrangement patterns 
obtained with the B-gene probe, all CTL clones exhibited the 
same rearrangement pattern with the y-gene probe, well illus- 

; trated by clone 2C. When EcoRI-digested clone 2C DNA was 

hybridized with the probe for the y-gene C region, two 

“rearranged bands of 16 and 22 kilobases (kb) and one 7.5-kb 
germ-line band were observed (Fig. 1b). We conclude that the 

¿16-kb band contained the rearranged and expressed y gene 

< because it was the only C,-positive band in clone 2C that also 
hybridized with the probe for the V region of the y gene 

: (Fig. 1c). The rearranged 16-kb fragment arose from the joining 
of a J-C segment in the 10.5-kb germ-line fragment with a V 
segment contained in the 10.8-kb germ-line fragment”. As 
neither the C,-positive 10.5 nor the V,-positive 10.8-kb germ-line 
EcoRI fragments remain in clone 2C DNA, the V and C (or 
J-C) copies on the homologous chromosome must also have 
undergone rearrangement in this CTL line. The 10.5- and 10.8-kb 
gene segments are also joined non-productively in CTL clone 
2C (see cDNA clone pHDS34, below). 

The nature of the rearrangement(s) responsible for the disap- 
pearance of the C,-positive 13.4-kb germ-line band and the 
appearanace of the 22-kb Cy-positive V,-negative band is 
unknown, but both copies of the 13.4-kb fragment must also 
have undergone rearrangement. The V, gene probe also detected 
an additional band (5kb) in clone 2C DNA absent in kidney 
DNA and possibly representing yet another rearrangement 
(Fig. 1c). 

As shown in Fig. |b, c, the rearrangement pattern obtained 
with the y-gene probes in the other CTL clones was the same 
as in clone 2C, suggesting strongly that the same germ-line V 
and C (or J-C) y-gene segments are rearranged in CTLs having 
different specificities. The rearrangement patterns of the T- 
helper hybridomas varied; T-helper 14 was similar to the paren- 
tal line BW5147 although T helpers 461 and 2B4 each had a 
rearranged fragment distinct from that of BW5147. Each of the 
three BALB/c-derived T lymphomas (88, 89 and $49) also 
displayed a slightly different rearrangement pattern. The diver- 
sity observed with the y-gene probe was much less than with 
the B-gene probe (Fig. la), consistent with the suggestion that 
only a very limited number of germ-line gene segments are used 
for y-gene rearrangements. 


Rearrangements in T-cell subpopulations 


To determine whether the rearrangements observed are peculiar 
to cultured T-cells, we analysed DNA from several spleen and 





thymus subpopulations. Southern blot analysis with the B-gene 
probe revealed a decrease in the intensity of the unrearranged 
6.0-kb fragment in Poull-digested DNA from the splenic T-cell ` 
subpopulations and thymus subpopulations when compared 
with similarly digested DNA from kidney or B-cell preparations 
(Fig. 2a). As expected from the marked clonal variability in 
B-gene rearrangements (Fig. la), however, well-defined 
rearranged B-gene bands were not detected in these highly 
polyclonal T-cell populations. 

In contrast, hybridization with the C, and V, probes displayed 
distinct and consistently rearranged fragments in all T-cell popu- | 
lations (Fig. 2b, c). In fact, the rearranged fragments in these 
populations and in all of the CTL lines examined seemed indis- 
tinguishable, containing both the rearranged fragment (16 kb) 
with V,+C, sequences and the C,-positive/ V,-negative 
rearranged 22-kb fragment. Thus, even in the highly polyclonal 
T-cell populations, the y-gene rearrangements are highly restric- 
ted and primarily involve the joining of a single V, to a single 
C, gene segment. 

Like the 8-chain gene, the y-gene rearrangement must occur 
early in T-cell development as it was seen in both mature (PNA~) 
and immature (PNA*) thymocytes. In addition, CTLs and T- 
helper cells seem to exhibit y-gene rearrangement as both the 
Lyt-2* and L3T4* subpopulations contained rearranged bands. 
It is not clear whether the persistent germ-line bands (C, region 
at 10.5 kb and V, region at 10.8 kb) in the heterogeneous T-cell 
preparations are due to unrearranged y-gene segments in some 
T cells, or to the presence of some contaminating B cells, or 
other non-T cells that do not rearrange this gene. 


Transcription 


The y gene is transcribed and gives rise to a 1.5-kb poly(A)* 
RNA component in CTL clone 2C (ref. 10). Although this gene 
is rearranged in the other three cytolytic T-cell clones and 
presumably in some helper T cells (as T-helper hybridomas and 
the L3T4* spleen cell subpopulation seem to exhibit rearrange- 
ments), it remained to be determined whether the y gene is 
transcribed in all of these cells. Northern blot analyses’? of 
poly(A)” RNA from two B-cell lymphomas, four CTL clones 
and two T-helper hybridomas were therefore performed with 
the C, probe (Fig. 3b) and, for comparison, with the B-gene 
probe (Fig. 3a). The cloned CTL and T-helper hybridomas 
contained approximately equal levels of transcript (1.1 and 1.3 
kb) hybridizing to the 8 probe. In contrast, y-hybridizing tran- 
script was detected in four out of four CTLs, but in only one 













































































of the two T-helper hybrido 





not shown). Thus, transcription of the y gene was seen con- 
sistently in CTLs but only rarely in T-helper cells or hybridomas. 
As reported previously’’, no transcripts of either the B or y 
gene were observed in the two B-cell lymphomas. 


V-J junctional variability 


To confirm that different CTL clones express the same germ-line 
V and C gene segments and also to search for clonal diversity, 
we isolated and sequenced three different cDNA clones from 
two different CTL clones. Two of the cDNA clones (pHDS4/203 
and pHDS34) were isolated from CTL clone 2C (alloreactive, 
BALB.B anti-L°)'° and the third (DFL12) from a cDNA library 
of CTL clone DFL12, which arose in a mouse of the DBA/2 
strain and is specific for the fluorescein group in the context of 
the D® class I molecule’’, 

We have shown previously that cDNA clone pHDS4/203 is 
composed of three regions (V, J and C) homologous with the 
corresponding regions of genes for immunoglobulins and a- 
and f-chains'*''. As shown in Fig. 4, the nucleotide sequences 
of the three y-gene cDNA clones are strikingly similar; indeed, 
the 5’-untranslated and V-region sequences of these clones are 
identical. The base-pair (bp) differences between 2C and DFL12 
in the C and 3’-untranslated regions could be due to strain 
polymorphism (BALB.B versus DBA/2), the use of different 
C-region genes or somatic mutation. The latter possibility seems 
unlikely because no base-pair differences were found in the V 
region, where somatic mutation should be more common”. 
Clone pHDS34 also contains a deletion of 30 bp (883-912), 
encoding the short peptide sequence that links the C domain 
with the transmembrane peptide. As this sequence is encoded 
by its own exon (ref. 17) and the extent of the deletion corre- 
sponds exactly to the ends of this exon, the poly(A)” RNA 
corresponding to the pHDS34 cDNA clone probably arose either 
from a deletion of the exon at the DNA level or by skipping 
the exonic sequence during RNA splicing. 

Apart from this deletion, the most striking differences between 
< the y-gene clones pHDS4/203, pHDS34 and DFL12 are at the 
boundary between the V- and J-encoded regions. Here, DFL12 
has a deletion of the 9 bp coding for the tripeptide Trp-Met-Arg 
in pHDS 4/203 and pHDS34 has three consecutive cytidines 
(corresponding to a codon for Pro) in place of a pentanucleotide 
ATGAG, which corresponds to the codon for Met and the first 
two bases of an Arg codon in pHDS4/203. Thus, the polypeptide 
chain encoded by DFL12 differs substantially from that encoded 
by pHDS4/203 in the region of the V-J junction, whereas 
pHDS34 is in a wrong reading frame after the V-J junction 
and can specify only a V-encoded protein fragment. The junc- 
tional differences observed between pHDS4/203 and DFL12 
could be attributed to polymorphism between the BALB.B- 
derived CTL clone 2C and the DBA/2-derived CTL clone 
DFLI2; however, the finding that two cDNA clones 
(pDHS4/203 and pHDS34) from the same cell line (clone 2C) 
also differ at the V-J junction suggests strongly that such 
variability is a consequence of either somatic joining events, or 
the use of different diversity (D) or J gene segments, or terminal 
transferase activity?!. 


Discussion 


The existence on T cells of antigen-specific receptors with 
immunoglobulin-like a- and B-subunits leads to the expectation 
that a T cell, like a B cell, should express only two V domains, 
one for each receptor subunit. However, an extensively studied 
clone of CTLs, 2C, expresses an additional gene, y, (identified 
previously as cDNA clone pHDS4/203; refs 10, 11) that is also 
immunoglobulin-like; for example, it has ~20% sequence 


(amino-terminal) region codes for all of the invariant residues 
found in every heavy-chain V, light-chain V, Va and Va domain 
sequenced to date (J. Novotny, in preparation). To learn about 
possible functions of the y gene, we have here evaluated the 


T-helper hybridomas and four L3T4*, Lyt-27 T-cell lines (data 


homology with immunoglobulin V and C domains and its 5’, 
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Fig. 3 RNA blot analyses (ref. 18) of poly(A)” RNA from various 
B- and T-cell lines. RNA from B-cell lymphomas A20-2J and CH1, 
CTLs 2C, G4, 1.5.2 and 2.1.1 and T-helper hybridomas 14 and 461 
were hybridized with the following probes: a, Va + Cp; b, C, 

Methods. Approximately 1.5 pg poly(A)* RNA was denatured 
with Blyoxal and electrophoresed through 1% agarose gel in 
10 mM sodium phosphate buffer, pH 6.5. RNA was blotted onto 
nitrocellulose and hybridized as described in Fig. | legend with 
*Plabelled nick-translated probe for Vz + Cp (a). The same filter 
was washed in boiling water at 100°C for 5 min and hybridized 

with the probe for C, (b). 


extent of its variability using V and C-region hybridization 
probes and analysing DNA from diverse sources. We find y-gene 
rearrangements in a wide variety of T cells (CTLs, T-helper 
hybridomas and polyclonal T-cell populations from spleen and 
thymus). The rearrangement patterns were identical in all CTLs, 
as though primarily the same V, gene segment was joined to 
the same J, gene segment. 

In agreement with this suggestion, three cDNA clones (from 
two CTLs of different specificities and different mouse strains) 
had identical 5’ V-region sequences and identical J-region 
sequences (Fig. 4), but these clones differed in sequence from 
each other near the V- and J-region junction. These clonal 
differences probably reflect junctional variability due to V-J 
joining events, the use of different D-gene segments, or terminal 
transferase activity. 

These y-gene properties demonstrate its marked resemblance 
to the genes encoding immunoglobulin A chains in inbred mice”. 
The V region of each type of A chain is encoded essentially by 
a single V and a single J gene segment and these chains similarly 
exhibit diversity at the V-J junction. Moreover, amino acid 
replacements at this junction can have a pronounced effect on 
ligand binding activity of A-containing immunoglobulins”, sug- 
gesting similar possibilities for the products of rearranged y 
genes. Junction region variations are actually greater among the 
three rearranged y-cDNA clones than has so far been observed 
in A-chain genes and may in part be due to the involvement of 
D segments. 

In speculating about the possible functions of the y-gene 
product, we assume that: (1) the diversity at the V-J junction 
regions is clonal in nature and (2) the rearranged y gene is 
expressed in CTLs but not ordinarily in T-helper cells. As 
cytotoxic and helper T cells are restricted usually in their rec- 
ognition of antigen by different major histocompatibility com- 
plex (MHC) elements (CTLs by class I and T helpers by class 
H molecules, reviewed in ref. 24) it is possible that the product 
of the y gene is (or is part of) a second receptor, concerned in 
CTL clones with restriction by MHC class I molecules. In 
suggesting this possibility, however, we do not wish to imply 
that the af heterodimer has no relevance for recognition of 
MHC-restricting elements. 

The hypothesis that T cells have two receptors, one for antigen 
and the other for MHC molecules, together with the contrasting 
one-receptor hypothesis, has been debated extensively. 
Although some experimental data seem to eliminate some ver- 
sions of the two-receptor hypothesis®*, various other versions 
have not been eliminated. The properties of the y gene force: 
us to consider seriously two-receptor models where we visualize 
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Met Leu Lew Leu Arg Trp Phe Thr Ser Cys Cys Leu Trp Val Phe Gi 
PERSE —-GAGCACTICE TGCCICCCIG TOAAGCAGIC CAACCTIOGS ATG CTG CIC CTG AGA TGB TTC act TEE Th ie cie Hab oft IF cet age 
. ieu Gly Gin Leu Gig Gin Thr Giu Les Ser Val Thr eg Giu Thr As Glu Asn Val Gln ile Ser 54 sg ile Val Tyr Leu Pro 
tits CTT GGG CAG CTG GAG CAR ACT GAA TTA TCS GFC ACC AGA GAG ACA eat GAG AAT GTG CAA ATA TLE H TATA en TAT CTY CCA ave 
Fig. 4 Comparison of the nucleo- A Tyr Phe Ser Asn Thr Ala Ije His Tee TYE arg Gia bye Thr Asn Gin Gin Phe Gla pa teu Fle x Val Ata The Asn 
tideand deduced amino acid sequen- 20385, TAI TIC ICC AAC ACA GCT ATA CAT TGG TAC CGG CAR AMA ACA AAT CAA CAG TIT GAG TAT CTA ATA: TAT GIC Sc BA Be 
“es of three y-gene cDNA clones. De ee ye E E E ge nates CMG ar mC Ban ae ne oy 
The. two cDNA clones pHDS4 Asn Gln Arg Pro Leu Gly Gly Lys His Lys Lya Ile Giu Ala Ser Lys Asp Phe Lys See Ser Thr See 
r . PHDSS g 
(described previously as pHDS — ries, PAT CAR CoH CCC YTA GGK cob aNG Cat AMA AMA AIT CAA OCA AGT AAR CAT TTT KUR AGT TCT ACE 
4/203, ref. 10) and pHDS34 were = Ft? 
isolated from the BALB.B CTL clone prani 
2C. The cDNA clone DFLI2 was ppsa FXE Pt EKE Ait AEM ER A REE SH MA NE TE NETER 
isolated from the DBA/2 CTL clone ate N int ovhaa, ere: E E A ty ONY Dees ee 
DFL12 (ref. 19). The predicted 
amino-acid sequence of cDNA clone i gir Thr R Leu Leu £ àla id lle Ser Pro zra ira ba Fi Sh 
pHDS4 is shown above the nucleo- Ht Sen ACA ane SA DENDAN AEI IEL EC MECE TE ai 
tide sequence. DFL12 amino-acid UPLA2 SRP RSE: EOS etoa nee seeiee 
residue positions that differ from = Ala Glu Thr Leu Ley Gie bys Phe Phe Fro tee ya f 
pHDS4 are shown below the nucleo-  pnpsu, GCT GAA ACA T CTC CTT GAA AAB TTC TIT CEC-GAI rae Aaa 
tide sequence. Numbers on the right PLR. nes arenes Apc Saeni enma ce 
indicate nucleotide positions. The V, So 
- G H u L i iyot Te 
J, C, transmembrane (TM) and cyto- a, Guy AE MAY SLE ARP TES HE Ste ARP ee Sie Gly Shy fae Toe bay cys the tye aly aoe tye we 
< plasmic (CY) regions are indicated Bit ecto nes ee ee tare eae cece tan ae oes foe eee es 
“by the horizontal arrows. Nucleo- asp 
tides in pHDS34 or DFL12 that are 
a P . n A A: i 
identical with those in pHDS4 are eADSs RE te EEF AAC AAC RBA GOK R6 
indicated by —-. Missing nucleotides BRLIZ vow nae woe 
are indicated by [ ]. 
Methods. A subtraction library of... tee fie Fer Hes Hin HME Xa EHH AET BBG IPT See TER GG MF A Ht ie oe 
a ee 8 
cDNA clones from 2C mRNA was PROSBU one nes see ate con mae see of 2. 
constructed in the vector pBR322 a # 
. (ref. 10). A library of cDNA clones 
from DFL12 mRNA was constructed Ne Tye Ye Be 
in the pcD vector system by the CAUS, Gee TAC TAC Ace 
method of Okayama. and Berg®®, "U? 
“Nucleotide sequences were deter- —— CY —Ů. 
mined by the method of Maxam and suos, ft FEF GRE ART GRE KE AE FEE ranacanaco 
Gilbert’ following the restriction S854 Diin jit tt ot Boece ae ee ee ee 
map and strategy described pre- cys arg 
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that one receptor is the af heterodimer recognized already at 
the protein level and the second receptor includes the y-gene 
“product. Whether the latter is a homodimer, a heterodimer or 
a multimer composed of the product of the y gene and the 
product(s) of another gene(s), which may or may not be 
rearranged in T cells, remains unknown. 
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We have deduced the entire 1,370-amino-acid sequence of the human insulin receptor precursor from a single complementary 
DNA clone. The precursor starts with a 27-amino-acid signal sequence, followed by the receptor a-subunit, a precursor 
processing enzyme cleavage site, then the B-subunit containing a single 23-amino-acid transmembrane sequence. There are. 
sequence homologies to human epidermal growth factor receptor and the members of the src family of oncogene products. 















































THE rapid metabolic effects of insulin and its long-term growth 
promoting actions are initiated by its interaction with specific, 
high-affinity cell-surface receptors’. The insulin receptor 
(apparent relative molecular mass (M,) 350,000-400,000) is an 
integral membrane glycoprotein composed of two a-subunits 
(apparent M, 120,000-130,000) and two 8-subunits (apparent 
M, 90,000), linked by disulphide bonds**. Photoaffinity label- 
ling of the receptor”'® as well as affinity crosslinking”'' have 
shown that the a-subunit is labelled predominantly by radioac- 
tive insulin derivatives. In intact cells, insulin stimulates the 
phosphorylation of the B-subunit on serine and tyrosine 
residues, a phenomenon first observed in rat hepatoma cells and 
IM9 lymphoblasts”? and then extended to a variety of cell 
types'*-'®, The insulin receptor exhibits insulin-dependent 
tyrosine kinase activity??? that co-purifies with the insulin- 
binding activity to homogeneity in vitro'??°”, The protein 
kinase activity of the insulin receptor catalyses phosphorylation 
of both the 8-subunit and exogenous peptides and pro- 
teins'*?!4-26, Studies of model peptide substrates indicate that 
the specificity of the insulin-dependent protein kinase is similar 
to that of the epidermal growth factor (EGF) receptor kinase 
and the src family of tyrosine-specific protein kinases***. In 
addition to being the principal substrate for autophosphoryl- 
ation, the B-subunit has an ATP-binding site?'*, and hence 
probably contains the protein kinase catalytic domain. Thus, 
the functional cell-surface insùlin receptor possesses both 
insulin-binding and tyrosine-specific protein kinase activities. 
The a- and B-subunits of the heterotetrameric insulin receptor 
derive from a single glycosylated polypeptide precursor of M, ~ 
190,000 (refs 27-29). Disulphide bridges linking the a-and £- 
subunit regions probably begin to form as the protein folds; 
after being transported from the endoplasmic reticulum to the 
Golgi apparatus, the precursor is further glycosylated and then 
cleaved, followed by its transport to the plasma membrane”. 
As both subunits of the insulin receptor are glycosylated and 
the B-subunit contains the ATP-binding site involved in the 
protein kinase activity, it is probable that portions of both 
subunits are exposed on the cell surface and that the -subunit 
spans the membrane bilayer. The structure of insulin receptor 
seems to be highly conserved in vertebrate and invertebrate 
cells?!**, Although similar in structure to the insulin-like growth 
factor (IGF)-1 receptor’, the insulin receptor differs from the 
EGF receptor, which functions in the plasma membrane as a 
single polypeptide chain. 
~ There is interest in the relationship of the insulin receptor to 
other growth factor receptors (such as the EGF receptor) 
possessing both ligand-binding and ligand-dependent tyrosine- 
specific protein kinase activities. The recently reported com- 


plete amino-acid sequence of the human EGF receptor’*** 
shows that its transmembrane and cytoplasmic domains. 
are homologous to the v-erb-B oncogene product and that. 
these domains represent the corresponding cellular proto- 
oncogene. a 

We report here the complete amino-acid sequence of the 
human insulin receptor precursor deduced from human 
placental cDNA clones, revealing various structural features of 
the mature receptor and showing similarities to the EGF receptor. 
and products of the sre family of oncogenes. 


N-terminal amino-acid sequences 


Insulin receptor was purified from human placental membrane 
preprations (Fig. 1 and ref. 23). Following insulin affinity 
chromatography, preparative amounts of receptor subunits were 
resolved by acrylamide gel electrophoresis and were then iso- 
lated by electroelution of gel slices (Fig. 1). Amino-terminal 
sequences were obtained for both aœ- and -subunits (Fig. 16). 
Residues in the amino-terminal sequences that could not be 
identified directly were guessed on the basis that they would be 
amino acids destroyed extensively or otherwise difficult to detect 
during protein sequencing. 

This partially predicted sequence information (Fig. 1b) was 
used to design single long synthetic DNA probes” for hybridiz- 
ation screening of a DNA library to identify human insulin 
receptor cDNA clones. Double-stranded probes were generated 
by synthesizing short overlapping oligonucleotides for both a- 
and f-sequences*’. Subsequent phosphorylation with high 
specific activity [y*?P]+ATP and ligation of oligonucleotides 
(see Fig. 1 legend) resulted in radioactive double-stranded 63-(a- 
subunit) and 57-(8-subunit) base-pair (bp) long probes. Total 
poly(A)-containing RNA from human term placenta was used 
to construct a cDNA library (~ 1.5 x 10° clones) with the Agti0 
vector system?” (see Fig. 2 legend). 


Insulin receptor cDNA 


Initial screening with the a-subunit probe detected 15 hybridiz-. 
ation-positive recombinant phage. Characterization of purified. 
phage DNAs by EcoRI restriction analysis followed by Southern | 
blot hybridization? shows that each clone contains two EcoRI 
fragments, one of which hybridizes with the synthetic a-subunit. 
probe. Only one phage (AHIR-P12) contains a second EcoRI 
fragment hybridizing with the B-subunit probe. The entire 
cDNA insert of phage AHIR-P12 measures ~5 kilobases (kb) 

(1-kb and 4-kb EcoRI fragments, Fig. 2a) and is therefore large 

enough to code for the entire human insulin receptor precursor, 
ney to be of M, ~190,000 including carbohydrate side 
chains”. 












































Fig. I Insulin receptor purification and protein sequence analysis. 
a, Coomassie blue-stained SDS-polyacrylamide gel of elec- 
trophoretically purified a- (lane 1) and B-subunits (lane 2). The 
Positions of the M, standards (myosin, B-galactosidase, phos- 
phorylase b, bovine serum albumin and ovalbumin) are indicated, 
b, Amino-terminal amino-acid sequences of insulin receptor a- 
and f-subunits and nucleotide sequences of a- and B-subunit 
= probes..Codons,for (XXX) positions were chosen on the basis of 
_ tentative amino-acid assignments; parentheses indicate uncertainty 
_ in, assignment; arrows indicate ligation points between indepen- 
-dently synthesized oligonucleotides: underlined nucleotides rep- 
fesent mismatches with the natural insulin receptor cDNA com- 
plement. 
Methods. The insulin receptor was purified from human placental 
membrane preparations by chromatography on wheat-germ 
agglutinin agarose and insulin agarose as described previously, 
except that phenylmethylsulphonyl fluoride (PMSF) was used to 
inhibit proteolysis; elution from wheat-germ agglutinin was per- 
formed at 4 °C and the protein eluted from the insulin column with 
0.5% SDS. Chromatography on hydroxylapatite in SDS®' was used 
to concentrate the partially purified receptor as follows: the insulin 
=; agarose eluate was diluted to <0.2% SDS and made up to 0.01 M 
_ in sodium phosphate pH 6.4 and 1 mM in dithiothreitol and passed 
over a 3-ml column of hydroxylapatite at 37°C; bound protein 
"was. eluted with 0.6 M sodium phosphate pH 6.4, I mM dithio- 
-< threitol, 0.1% SDS. Purification of the subunits was obtained by 
= preparative polyacrylamide gel electrophoresis after dialysis 
against 0.1% SDS. Samples were electrophoresed on 7% gels with 
_ A mM sodium thioglycolate in the upper reservoir buffer and bands 
_» were excised from the Coomassie blue-stained gel and electroeluted 
as described previously™. Quantitation of the a- and B-subunits 
was based on a determination of the staining intensity of individual 
bands with Coomassie blue after polyacrylamide gel elec- 
trophoresis, Staining was determined by laser densitometry (Model 












Nucleotide sequence analysis confirms that the I-kb EcoRI 
‘fragment has an open reading frame coding for the amino- 
erminal sequence of the insulin receptor a-subunit. We find 
‘that the leucine residue at position two of the mature a-subunit 
s preceded by a histidine and identify a potential initiation 
ATG codon 27 amino acids upstream from His 1, flanked by 
aucleotides matching Kozak's® criteria for a translation initi- 
ition site. The amino-acid residues between the ATG codon 
ind the NH)-terminus of the mature protein are highly hydro- 
yhobic and probably represent the signal peptide sequence 
1ecessary for transport of the nascent insulin receptor precursor 
olypeptide into the lumen of the endoplasmic reticulum. Even 
hough the remaining nucleotide sequence upstream from Met 
'7 does not contain any in-frame stop codons, the presence of 
in adjacent suitable signal sequence led us to propose that the 
ATG at position —27 is used for translation initiation. This 
issignment predicts the orientation of the a- and B-subunit 
equences in the insulin receptor precursor: the a-subunit of 
he receptor is expected to be upstream of the 8-subunit NH, 
erminus and in their common precursor. This prediction was 
‘onfirmed by determination of the complete 5,181-bp-long 
tucleotide sequence of the AHIR-P12 cDNA insert (Fig. 2b). 
‘he longest open reading frame starting with methionine in this 
equence codes for 1,370 amino acids, including the 27-residue 
ignal peptide. The coding sequence is preceded by 50 nucleo- 
ides-of 5’-untranslated sequence and is followed by a signal for 
tanslational termination (TAA) and 1,018 nucleotides of 3- 
ntranslated sequence. It is not certain that the A-stretch at the 
“end of our sequence represents part of a poly(A) tail or an 





2202 Ultroscan, LKB) and the receptor bands compared with known amounts of standard proteins run on the same gel. But the protein 
_. Sequence analysis results suggest that our estimate of the amount of rece 
to the vapour phase protein sequencer (Model 470A, Applied Biosystem 
determined by reversed -phase HPLC on a Microsorb C8 column (4.6 x 250 mm. Rainin) using an aqueous phosphate buffer with acetonitrile 
as the organic solvent. For the a-subunit, 65 pmol of sequence was obtained from an estimated 130 pmol of protein, whereas 400 pmol of 
sequence was obtained from an estimated 300 pmol of the B-subunit. Double-stranded hybridization probes were prepared using an automatic 
‘DNA synthesizer (Biosearch). Short overlapping oligonucleotides were synthesized and purified by acrylamide gel electrophoresis; ~10 pmol 

» of each oligonucleotide were phosphorylated in separate reactions using threefold excess of [ y-*?P]+ ATP (Amersham) and T4 polynucleotide 
> kinase. Full-length probes were prepared by combining the S‘-end-labelled oligonucleotides and ligation with 2U of T4 DNA ligase at 20°C 
‘or 2h. Analytical examination of the ligation result demonstrated that about 69-80% of the DNA had been ligated to probe monomer size. 
The entire ligation mixture was boiled to separate DNA strands and used for hybridization as described previously*', 


ptor is low, particularly for the 8-subunit. Purified protein was applied 
s) described by Hewick et al® and the amino-acid derivatives released 
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$: 10 35 2 
a-subunrit XXX LEU TYR PRO GLY GLU VAL XXX PRO GLY MET ASP ILE ARG ASN XXX LEU THR ARG XXX HIS GLE 


y, 
CTG TAC CCC GGC GAVGTE 16C CCC GOC ATUYGAC ATC ARG AAC AAUCTG ACC AGG TAC CAC GAG 
GAC ATG GGG CCE CIC CAC ACG GGG CCG TAC CYG TAG IEC TTG TTG GAC TGG TCC AIG GTG (IC 


= 10 15 
S-sukunit  {SER)LEU GLY ASP VAL GLY XXX VAL THA VAL ALA VAL PRO XKX VAL ALA ALA PHË PRO 


CTG G8 GAC GTG soc TeLVGTE ACC GYG GCC GTG CCCYTCE GTG GCC GCC TTC CCC 
GAC CCG CTG CAC CCG ACG CAC TGG CAC CGG CAC GGG AOG CACACOS COG AMG GGG 


internal sequence in a larger 3'-untranslated region, as this 
A-stretch is preceded by an imperfect polyadenylation signal 
(AATATA). To resolve this question, we selected three addi- 
tional independent cDNAs representing 3'-untranslated sequen- 
ces from the placental library and compared them by restriction 
analysis with A HIR-P12 EcoRI fragments. Each of them seems 
to end with the same 3'-terminal sequence and matched A HIR- 
P12 restriction patterns, although none extends as far upstream 
(data not shown). 

Comparison of final cDNA-derived nucleotide sequences with 
our synthetic probes reveals that the a-subunit N-terminal probe 
contains nine mismatches (86% match) with the longest stretch 
of perfect match being 11 bp; the 57-bp, 8-subunit N-terminal 
probe contains 12 mismatches (79% match) and a 12-bp 
maximum uninterrupted match. We identify no false positives, 
again confirming the effectiveness of the long synthetic probe 
screening approach*', 

Based on our cDNA sequence, we. calculated the M, to be 
155,000 for the pre-insulin-receptor precursor and 152,000 for 
the mature precusor. A tetrapeptide (Arg-Lys-Arg-Arg) at posi- 
tion 720 of the insulin receptor precursor sequence directly 
precedes the 8-subunit N-terminal sequence (Fig. 2b) and prob- 
ably represents the cleavage site for the receptor precursor 
processing enzyme. Omitting this peptidase recognition 
sequence, the final unmodified subunit M,s are predicted to be 
82,400 (a) and 69,700 (8). 

The 719-residue-long a-subunit sequence (Fig. 2b) is largely 
hydrophilic (Fig. 2c) with a few short hydrophobic stretches, 
none long enough to qualify as potential membrane anchor 
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TEEMAN PEN 2 acai casa REE Coroner "1094 Schematic diagram of clone AHIR-P12. Indi- 

no 330 4 b at 
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IETCCTAGAAGGEGAGAAGACCATCGACTCGGIGACGTCTGLCCAGGAGCTCE \CCBTCATCAACGSGARTCTGATCATCAACAT TCGAGEAGGCAACAATCTEGCAGCTGAGLTAGAAGECAAC 1200 . 

ss eS ae a site, untranslated sequences (—), translated 
LeuGtyleut leGtuGhul leSerGIyTyrL evi ys | tearghegSer Tyrä Ta auto Seri eušerPhePheArgiysLeuArgteu l learg yGiuThrLeuGlul IeGIyAsAT7 Ser PRE Tyr A) al EVA SDÄSNĜI NAs i $ 
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Hater, aaa ves aut Le oe OS mn, so domain (black bar). b, Nucleotide sequence of 
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Brrerdlotie! teLevtystrpt ysProproserhaprrokanc) MGATTEYErHs Tyrt eutalPneTrp6 lukrgGlnAtaGluAspSerétuLeuPheG  uLeudspT yrOpbLeutyseigLeul yal euProserArgihe sequences of insulin receptor a-and -subunits 


TEATCECAGATTATICY  TEGARAC CACC TCCGACCOCAATOBCAACA TCACCCACTACCT&GITTTC TRGGAGAGGCAGEC EGAAGACAG TGAGE TGTTCGAGCTGGAT TA’ TCAAAGEGRCTGARGL GCE CTC 2100 


(Fig. 1) are underlined; black bar, putative 
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CCTGAGTATCTCAGTGCCAGTGATGTGTT TCCAPRETCTGTGTACETGCCGGACGAG TGGGAGGTGTCTCGAGAGANGATCACCCTCCTTCGAGAGC TEGGGCAGGGCTCCTTCGGCATGGTGTATGAGGGLAATGCCAGGGACATCATC 3150 


sie ian ine om ae hydropilicity in negative values (see ref. 66). 
IRENA cea TOCE TOAKGACEGTCACGNETCAGCCAGTE TCC CRCACEATICAOTTCC TCAA TOAGOCE TCEGTCATEAGCOE TeACCTOECATCACGTOGTSCEECTCCTOSGAGTGETGTECANGGAS 3300 Methods: a, Total poly(A)-containing RNA was 
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cDNA (> 500 bp) and the Agt!0 vector system 
35,3 
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ETGETECETSTAC TOGA TCACEGUAGTCEETOAABGATERUGTCITCACEACTIETTCTGREATOTGGTCC TT TOGERTOGTCCTTAAATEAC TGECAGAACAGCCTTACCAAGECCTGTCTARTGARCAGGTGTTS 3750 using the enzymatic chain termination method 
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AAATTIGTCATGGATGGAGGGTATCTGGATCAACCCGACAACTMICCAGAGAGAGTCACTGACCTCATGCGEATGRRE TGGCAATTCAACCCCAACATGAGECCAALCTTCCTGGAGAT TOTCAACCTSCTCAAGGACGACCTECACCEC 3900 
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AGLTTFCCAGAGG TG TCETTCTYCCACAGCGAGGAGAALARGGL TCCCGAGAG TGAGGAGC TEGAGATGGAGTT TEAGGACATOGAGAA T&IGCELC TEGACTS TT CLT 'GGGGGGCCGGGATGGAGGG 4050 
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TIQGCTTTICE TC TABYTEGAAAGCOIC TOGAAAAT TCAGGATTC ECACGACTCTACCATGTCCAATGGAGTTCAGAGATCGTTECTATACATTTCTGTYCATCTTAAGGTOGACTCGITTGGTTACCAAYTTAACTAGTCCTGEAGAGGA 4350 
TTTAACTGIGAACCTGGAGGGCAAGGGG TTICCACAGT TGC TSCTCCTT TAGGGLAALGALGS TT TCAAACCAGGATT TTGI6 TTT TT TCGITCELCCCACCCSCCOCCAGCAGA TEGAARGAAAGCACLTGITITTACARATTCTITTT ©4500 
THITTEP TTY T TTT ETOC TGGTRTC TOAGL TT CAG TA TABAAGACAAAAL TICC TG1 T 76 TEGAACAAAAGT TC GAAAGAAAAAAL AAAACAAAARCACL AGC EE TGTTCCAGGAGAATTICARGTTTTACAGGTIGAGLTICAAGATG 4650 
BITTTITIGSTTTTTETTTTTICTCTCATCOAGGCTGAAGGATT TT TT TT TICT LTACAARATGAS TTCL TCAAAT TGACCAATAGL TGC TSC TT ICATAT ITT GGA TAAGGG (CTR TSB TCOCHOCGTSTGLTCACGTGTGTATGCACG 4800 
TRTGTGIBYCEATTAGACACGRC TGALG TGTG FGCARAGTAT CCATGCGGAGTIGATGL TT TGRGAAT TOGE TCA TGAAGE FTCT TC TCAABGETGLOAGL TCATECCCCTCTCTCLITCCTICTYAT GAC TGGGAGACTSTBLICICG 4950 
DEMGATTCTTCTIGIGTCAGAAGTE TAGE TLARGTT ICTACCE TCECT TCACAY TGC TGBE CARGGGAGGAGEATTICAT I TGGAG TERT TATGRATCT TT ICARGACCAAALCAAGC TAGGACA TTARAAAAAARARAARGRAAARGA 5300 
WAGAAABAALARART GGARAAAGGAAAAAAAAAAAGAAL TBAGA TGACAGAGT TTTGAGAATATATT 1GTACCATAT TT AARAAAAAAAAARAAARAR, 
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sequences. Fifteen consensus sequences for asparagine-linked there is no direct evidence as to which of the potential 
glycosylation (Asn x Ser/Thr) are distributed evenly over the asparagine-linked carbohydrate attachment sites are in fact gly- 
719-residue-long a-subunit region, which is also characterized cosylated, our failure to detect the asparagines at positions 16 
by an unusually largé number (37) of cysteine residues, 26 of and 7 of the a- and f-subunits, respectively, during protein 
which are concentrated between residues 155 and 312 (Fig. 2b) sequencing strongly suggests that these two sites are glycosy 
in a rather hydrophilic domain (Fig. 2c). Although in most cases lated. 











Fig. 3 Hybridization analyses. A, Northern blot analysis of 
poly(A)" RNA (5 yg) isolated from mouse 3T3-LI fibroblasts 
before (a) and after differentiation into adipocytes (b) and 
human term placenta tissue (c) after separation on a formaldehyde- 
containing 1% agarose gel and transfer to nitrocellulose. Rat 
ribosomal RNA was used as a size marker. The filter was hybridized 
with radiolabelled insulin receptor cDNA fragments” (1,010 bp 
and 4,169 bp EcoRI). Exposure was for 3 days at —60 °C using an 
intensifying screen (Cronex Lightning Plus). Additional Northern 
blot experiments with placenta and IM-9 RNAs were performed 
as described in the text. The following cDNA fragments were used 
in parallel experiments: EcoRI 1/ EcoRI 1,011; EcoRI 1,012/ Xhol 
2,904; Stul 3,234/Stul 3,728; Stul 2,399/Xhol 3,080: Pst I 
4,341/ EcoRI 5,169. B, Genomic Southern blot analysis. High M, 
DNA (10 pg per lane) isolated from placental nuclei was digested 
with excess amounts of EcoRI (a), Hincll (b) and Pstl (c), 
separated on a 1% agarose gel and analysed by Southern blot 
hybridization®®. The radiolabelled probe used in high stringency 
conditions consisted of a 857-bp 3'-terminal Pst1/ EcoRI fragment. 
Awt phage DNA digested with EcoRI and HindIII was used as 
size marker. 


The 620-amino-acid-long B-subunit sequence contains only 
nine cysteine residues (1.5%) and can be divided into three 
domains. The amino-terminal 194-residue-long domain contains 
four potential asparagine-linked glycosylation sites and four 
cysteine residues. An adjacent stretch of 23-26 highly hydro- 
phobic amino acids (915 or 918-940) probably represents the 
single transmembrane domain that anchors the insulin receptor 
in the membrane. The transmembrane sequence is flanked at its 
C-terminal end by three basic amino acids (Arg-Lys-Arg; Fig. 
2b), which are part of the 403-residue-long carboxy-terminal 
domain containing two potential N-linked glycosylation sites 
and a typical number of cysteine residues. 


Multiple related mRNAs 


Northern blot hybridization” analysis using poly(A)* RNA 
from term placenta (Fig. 3A, c), as well as fetal placenta (20 
week) and a human lymphoblast cell line (IM-9) (data not 
shown), yields a complex pattern of five common hybridization 
bands 8.2, 7.3, 6.5, 5.5 and 4.6 kb in length. A faint 2.9-kb band 
also occurs, but is present only in term placenta and IM-9 RNAs. 
The hybridization signal intensity for the bands is different for 
each band, indicating that either variable amounts of different 
length messenger RNAs are synthesized from the same gene, or 
that different but related genes are transcribed to yield multiply- 
sized mRNAs. To further investigate the identity of mRNAs 
from placenta and IM-9 cells which hybridize with our 5.2-kb 











insulin receptor cDNA probe, we used a variety of cDNA pro 
fragments as hybridization probes in Northern blot hybridi 
ation experiments (see Fig. 3A legend). In all cases, at least all 
of the four largest transcripts (8.2, 7.3, 6.5 and 5.5 kb) ar 
detected (data not shown). 

After treatment with dexamethasone and isobutyl methylxa: 
thine, mouse 3T3-LI fibroblasts differentiate into adipocytes in 
a process which leads to a 10- to 20-fold increase in the number 
of insulin receptor molecules on their surfaces**“*. Norther 
blot analysis with poly(A)-containing mRNA from these cel 
before and after differentiation reveals that the increase in rece 
tor molecules paraliels an ~10-fold increase in two insulin 
receptor mRNAs (Fig. 3A). Unlike the complex transcription 
pattern in placenta (Fig. 3A, c), the 3T3-LI cells synthesized. 
only comparable amounts of a 6.5- and an 8.2-kb mRNA, both 
before and after induction. These experiments strongly suggest 
that the major transcripts of 6.5 and 8.2 kb represent insulin 
receptor mRNAs. The mRNAs may differ in the lengths of their 
3'- or*5’-untranslated sequences, as described for other gene 
systems*”** or alternatively these mRNAs could be generated 
by variable splicing of a primary transcript from the same 
gene. 















































































One receptor gene 


To determine the number of insulin receptor genes present in 
the human genome, Southern blot analyses’? were performed 
using an 857-bp Pst1/ EcoRI cDNA fragment derived from the 
3’-most terminal untranslated sequence as a hybridization probe. 
These sequences were chosen because they are the most rapidly 
divergent sequences in gene families and would therefore avoid 
detection of closely related genes. Figure 3B demonstrates that 
this probe hybridizes with single restriction fragments from high 
M, nuclear DNA, consistent with the presence of only one 
insulin receptor gene in the haploid human genome. 


Discussion 


Here we present the primary structure of the human insulin 
receptor precursor, deduced from the sequence of a single cDNA 
clone. The amino-acid sequence contains the amino-terminal 
sequences of the a- and B-subunits, determined by sequencing 
purified insulin receptor subunit protein. The sequence further 
establishes that the organization of the a- and B-subunit sequen- 
ces in the receptor precursor is a followed by B. The insulin 
receptor precursor has a signal peptide sequence at its amino 
terminus immediately adjacent to the amino terminus of the 
a-subunit sequence, which is removed from the precursor during 
its biosynthesis. 

The predicted M, of the 1,343-residue-long proreceptor poly- 
peptide backbone is 152,000, after removal of the signal peptide. 
Pulse-chase studies in the presence of tunicamycin have sug- 
gested that the non-glycosylated receptor precursor has an 
apparent M, of 180,000 (ref. 29). The large precursor may have 
an anomalous electrophoretic mobility; SDS-polyacrylamide gel 
electrophoresis does lead to an overestimate of the true M, of 
the a-subunit*’. Both subunits are separated by the tetrapeptide 
sequence Arg-Lys-Arg-Arg, which probably represents the rec- 
ognition sequence for the precursor processing enzyme. Enzy- 
mes that recognize paired basic sequences often cleave multiply 
in such a sequence, resulting in the loss of amino acids from 
the processed protein products. Therefore, we omitted these 
residues in calculating the M, of the unglycosylated mature 
a-and B-subunits, 82,500 and 69,700 respectively, compared 
with 120,000-130,000 (a) and 90,000 (B) for the modified sub- 
units. The difference in M, of the unmodified proreceptor and 
the mature glycosylated molecule Suggests that most, if not 
all, of the potential N-linked glycosylation sites are glyco- 
sylated. 

A proposed schematic arrangement of the insulin receptor 
subunits is shown in Fig. 4. As the a-subunit lacks any hydro- 
phobic stretches long enough to serve as membrane anchor 
sequences and contains 15 of the 21 potential N-glycosylation 
sites of the receptor, this subunit is probably exclusively in the 
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the B-subunit. The presence of a clearly recognizable 23-amino-- 
_acid-long transmembrane segment in the B-subunit (residues 
918-940) fairly analogous to the transmembrane regions of the 
EGF and low-density lipoprotein (LDL) receptors**””*, indicates 
that the amino terminus of the subunit is exposed on the cell 
surface with the carboxy-terminal region from residues 941-1343 
facing the cytoplasmic side of the plasma membrane. Such an 
orientation would place four of the six N-glycosylation sites of 
the B-subunit outside the cell. 

The predominant labelling of the a-subunit by radioactive 
insulin derivatives in affinity crosslinking and photoaffinity 
labelling experiments has already suggested that insulin interacts 
with its receptor by binding to the a-subunit””'’, although the 
B-subunit amino terminus may also be involved. The a-subunit 
contains a region very rich in cysteine residues (residues 159- 
312), similar to that present in the EGF receptor” as well as in 
the ligand binding domain of the LDL receptor*’. The extracel- 
lular domains of both the EGF receptor and LDL receptor, 
however, contain two such cysteine-rich clusters. Each a-subunit 
of the heterotetrameric insulin receptor may contribute a Cys- 
rich region to form an analogous functional domain. 

The structure of the human insulin receptor reveals striking 
similarities to the human EGF receptor in its overall organization 
and primary sequence”. The first 444 residues of the mature 
insulin receptor a-subunit are 27% homologous to the first 461 
residues of the EGF receptor; 20% of these homologous residues 
are cysteines and are part of the cysteine-rich domains of both 
receptors (Figs 4, 5). As the intracellular domain of the EGF 
receptor seems to have been generated by a sequence duplica- 
tion®*, this domain contains two cysteine-rich regions, both 
homologous to the membrane-distal portion of the insulin recep- 
tor. Both the insulin receptor and the EGF receptor span the 
membrane once with a hydrophobic 23-amino-acid sequence. 
Interestingly, the sequences on either side of the membrane are 
conserved between these two receptors and the LDL receptor. 
The insulin and EGF receptor each have three basic amino acids 
on the cytoplasmic side of the membrane (Arg-Lys-Arg and 
Arg-Arg-Arg, respectively)", whereas the LDL receptor con- 
tains the basic sequence” Lys-Asn-Trp-Arg-Leu-Lys. On the 
extracellular side of the membrane, each of these receptors 
contains a Pro-Ser sequence flanking the membrane anchor 
sequence, as well as other conserved residues. Basic sequences 
also occur at the cytoplasmic domain membrane junctions of 
other plasma membrane proteins’'~*°. In addition to their poten- 
tial interaction with the head groups of negatively-charged phos- 
pholipids, the density of charged residues probably stops further 
transfer of intracellular protein sequences across the membrane 
during the co-translational translocation of the nascent polypep- 
tides®®. 

A comparison of the insulin receptor B-subunit cytoplasmic 
domain with analogous portions of members of the src family 
of tyrosine-specific protein kinases (Fig. 5b.) begins at the ATP- 
binding sites, located precisely 49 amino-acid residues from the 
i membrane in both the insulin and EGF receptors, as well as in 
the deduced sequence of the product of the v-fms oncogene”. 
Large clusters of homology occur throughout this region, includ- 
ing a lysine residue essential for kinase activity 25 amino acids 
from the ATP-binding site** and the tyrosine residue autophos- 
phorylated in v-src?® (position 1,150 in human insulin receptor). 
Autophosphorylation of the EGF receptor occurs downstream 
from the region compared in Fig. 5b. It is not yet known which 
tyrosine residue is phosphorylated in the insulin receptor; 
however, a sequence homologous to that surrounding the 
major phosphorylated tyrosine residue of the EGF receptor 
(1,173) flanks the tyrosine at position 960 of the insulin 
receptor. ; 

These structural homologies demonstrate that the insulin 
receptoris a member of the sre family of tyrosine-specific protein 
kinases. The insulin receptor is related equally to each of the 
- src family members, which suggests either that it differs from 
“the EGF receptor and is not a cellular proto-oncogene, or that 
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Fig. 4 Schematic comparison of insulin and EGF receptors. 

Regions of high Cys-residue concentration are shown as hatched 

boxes, transmembrane domains as black boxes and single cysteine 

residues, possibly involved in formation of the a,-8, insulin recep- 
tor complex, as black circles. 


its oncogene counterpart has not yet been identified. The cellular 
events triggered by the binding of ligand to the insulin and EGF 
receptors are different, even though these receptors share multi- 
ple structural and functional features. 

Southern hybridization experiments demonstrate the existence 
of a single insulin receptor gene. The insulin receptor cDNA 
hybridizes to six mRNAs between 2.9 and 8.2 kb in placenta 
and IM-9 cells, at least four of which are derived from the same 
gene. Two mRNAs of 6.5 and 8.2kb yield the most intense. 
hybridization signals and were both induced ~ 10-fold on differ- 
entiation of mouse 3T3-LI fibroblasts into adipocytes. We 
believe that our insulin proreceptor cDNA is derived from one 
of these two mRNAs, which may differ with respect to the length 
of their 3’- or 5’-untranslated sequences, as demonstrated in 
other gene systems. Our experiments further reveal a high degree 
of homology and length conservation between the mouse insulin 
receptor mRNAs and their human conterparts. Future experi- 
ments will elucidate the significance of this transcriptional com- 
plexity and determine the relationship between the insulin recep- 
tor gene and the gene for the structurally related IGF-I 
receptor’. 

Isolation and characterization of the insulin receptor CDNA 
will enable the investigation of functional aspects of the receptor 
in normal cells and in heritable syndromes of insulin resistance. 
Site-directed modification of this cDNA followed by expression 
of mutated insulin receptor molecules in mammalian cells will 
help to elucidate the molecular mechanisms of insulin action. 
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Fig. 5 Receptor and oncogene sequence comparison. a, b 990 
Human insulin receptor (HIR) a-subunit amino terminus 
compared with corresponding region of EGF receptor 
(HER). Gaps indicated by hyphens are introduced to optim- 
ize homology. Consensus residues are shown in the bottom 
-line. b, Oncogene product sequence homology with cyto- 
plasmic domain of insulin receptor B-subunit. Matching 
residues are boxed; positions with four or more matches 
are emphasized by an asterisk. 
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‘Note added in proof: Interestingly, the recently completed 
sequence of the avian sarcoma virus UR2 oncogene v-ros (W. S. 
~ Neckameyer and L.-H. Wang, J. Virol. in the press) shows a 






_ Received 15 January: accepted 30 January 1985. 


. Czech, M. P. A. Rev, Biochem. 46, 359-384 (1977). 
» Kahn, C. R. Trends biochem, Sci. 4, 263-266 (1979). 
- Cobb, M. H. & Rosen, O. M. Biochim. biophys. Acta 738, 1-8 (1984). 
. Massague, J., Pilch, P. & Czech, M. P. Proc. natn. Acad. Sci. U.S.A. 77, 7137-7141 (1980). 
. Massague, J., Pilch, P. & Czech, M. P. J. biol, Chem. 256, 3182-3190 (1981). 
.. Cuatrecasa, P. J. biol. Chem. 248, 3528-3524 (1973). 
. Siegel, T., Ganguly, S., Jacobs, S., Rosen, O. M. & Rubin, C. S. J. biol. Chem. 256, 9266-9273 
(1981). 
8. Hedo, J., Kasuga, M., Van Obberghen, E., Roth, J. & Kah, C. R. Proc. nain. Acad. Sci. 
U.S.A. 78, 4792-4795 (1981). 
2% Yip, C. C., Yeung, C. W. T. & Moule, M. C. J. bial Chem. 253, 1743-1745 (1978). 
10, Jacobs, S., Hazum, E., Schechter, Y. & Cuatrecasas, P, Proc. natn, Acad. Sci. U.S.A. 76, 
; 4918-4921 (1979). 
AT, Pilch, P. F. & Czech, M. J. biol. Chem, 254, 3375-3381 (3979), 
<12. Kasuga, M., Karlsson, F. A. & Kahn, C. R. Science 215, 185-187 (1982). 
43. Kasuga, M. et al. J. biol. Chem. 287, 9891-9894 (1982). 
14. Petruzzelli, L. M. et al. Proc. nain. Acad, Sci. U.S.A. 79, 6792-6796 (1982). 
15. Van Obberghen, E. & Kowalski, A. FEBS Lett. 143, 179-182 { 1982). 
16. Haring, H. U., Kasuga, M. & Kahn, C. R. Biochem. biophys. Res. Commun, 108, 1538-1545 
: (1982). 
OFT, Zick, Y., Kasuga, M, Kahn, C. R. & Roth, J. J. biol. Chem, 258, 75-80 (1983). 
CIR, Avruch, J., Nemenoff, R. A., Blackshear, P. J., Pierce, M. W. & Osothanondh, R. J. biol 
m Chem. 287, 15162-15166 (1982). 
19. Roth, R. A. & Cassell, D. J. Science 219, 299-301 (1983). 
$20. Kasuga, M., Fujita-Yamaguchi, Y., Blithe, D. L. & Kahn, C. R. Proc, nain, Acad. Sci U.S.A. 
fe 80, 2137-2141 (1983). 
21. Shia, M, A. & Pilch, P. F, Biochemistry 22, 717-721 (1983). 
22. Van Obberghen, E., Ross, B., Kowalski, A., Gazzano, H. & Ponzio, G. Proc. natn. Acad. 
3 Sci. U.S.A. 80, 945-949 (1983), 
23. Petruzzelli, L. M., Herrera, R. & Rosen, O. M. Proc. natn. Acad. Sci. U.S.A. BL, 3327-3331 
(1984). 
24. Stadtmauer, L, & Rosen, O. M. J. biol Chem. 258, 6682-6685 (1983). 
25.. Pike, L. J., Kuenzel, E. A., Casnellie, J.E. & Krebs, E. G. J. biol. Chem. 259, 9913-9921 (1984). 
26. Zick, Y., Whittaker, 1, & Roth, J. J. biol Chem. 258, 3431-3434 (1983). 
27. Deutsch, P. S., Wan, C. F., Rosen, O. M. & Rubin, C. S. Proc. natn. Acad. Sei. U.S.A. 80, 
i 133-136 (1983). 
<28. Hedo, J. A., Kahn, C. R., Hayashi, M., Yamada, K. M. & Kasuga, M. J. biol. Chem. 259, 
z 9913-9921 (1983). 
29.. Ronnen, G. V., Knutson, V. P., Kohansky, R. A., Simpson, T. L. & Lane, M. D. J. biol. 
fon Chem. 259, 4566-4575 (1984), 
30. Jacobs, S. & Cuatrecasas, P. An. Rev. Pharmac. Tox. 23, 461-479 (1983). 
31. Ganguly, S., Petruzzelli, L. M., Herrera, R., Stadtmauer, L. & Rosen, O. M. Curr. Topics 
cell Regul. (in the press). 


RARE Dm 








HEY PGE VEPEMD! ANNL FRLHELEN-~—-CSVIEGHLOQILLMFK TRPEDFROL SFPKL IM] TOYLLLFRYGLESLKDL-F PML TYIRGSRLFFNCYALY. 
LEEKKYCQGTS-—NEL TOLGTFEDHFL SLORMPNNCE VYLENLE ITY VORNYDL SFL 'VERTPLENLQ! ERGHMY YENSYALA 
[VEG WL Tl Bam e nen intel Rese ao -~1RG: Yate 































~~~ FEMVH—~(RELGL YHLMN I TRESYR LERRNEL CY BT i DWSRILOSYEDNY] YLNKODNEECGOICPGTAKGK THCPATY INGUFWE RCRTHSAC 
VLSNY DANE TGLKELPRRNLQE [LHGAYRF SNNPAL CAVES IQWRDIVSS--OFL SNNSMDF GHHL GS-COKCUP S.—-CPNGSCMGAGEENEDRL TEE 
aeai a NL =~ |B E E T ee L$ Deeb 





aon aatan” Lhe nee SOSEO 











KVCPT ICKSHGCTAEGL --CCHSECLGNCSQPDDPTI 
~ ICAQQC-SGACAGK SPSOCCHNOCAAGC TGPRE -$ 
E one on wo a aie eee 


CRNE YLOGREVE TCPPP.-~Y THF GOWRC VNF SF CODE HEE CK NSRROGC—-HOVY IT HANK 
CREFROEATCKOTCPPL ML YHETTYOMDYNPEGR YSFOA TCVK -~—-KCPRAYYVTOHGS 


ERB nen CA TEP BP nn New nen en niece etc Pon 


LIPECPSG-YTMNSSN-LLCTPCLOPCPKYCHLLEGI 
EVRACGADSYENE LOG ¥SKCENCEGPCREVEN 
Canal nen ¥ Bonen nel a GPL RYE 


TRRSYALVS~i SFFRKLRL IRGETLE [GAY SE YALONGN —-~-LRGL WOW SRHNL TI TOGKLEFHYNPKI 
IQAWPENRTDL HAF ENL E | IRGRTKQHGOF SL AVWSLNETSLGLRSLRE [ SOGO¥T I SGI 
1 F 


Pw mee ol we Fel ea IRG- T neee Ge ene Rel nee ned 


NWKKLFSTSG 


ee, Panel 





significantly higher degree of homology with the insulin receptor 
tyrosine kinase domain than all the presently known sre gene: 
family members. It is highest between residues 1,161 and 1,221 
of the insulin proreceptor (73 % ) but nevertheless is not extensive 
enough overall to allow the interpretation that v-ros represents © 
a truncated avian insulin receptor. 


32. Petruzzelli, L., Herrera, R., Garcia, R. & Rosen, O. M. Cold Spring Harb, Conf. cell. Prolif. 
(in the press). 

33. Massague, J. & Czech, M. P. J. biol. Chem, 287, 5038-5045 (1982). 

34. Downward, J. et al. Nature 307, 521-527 (1984). 

35. Ullrich, A. et al. Nature 309, 418-425 (1984). 

36, Grantham, R., Gautier, C., Gouy, M., Jacobzone, M. & Mercier, R. Nucleic Acids Res, 9, 
43-74 (1981). 

37. Crea, R. & Horn, F. Nucleic Acids Res. 8, 2331-2348 (1980), 

38. Huynh, T., Young, R. & Davis, R. in Practical Approaches in Biochemistry (ed. Grover, D.) 
{IRL, Oxford, in the press). 

39. Southern, E. J. molec. Biol. 98, 503-517 (1975). 

40. Kozak, M. Nucleic Acids Res: 9, 5233-5252 (1981). 

41. Ullrich, A., Berman, C. H., Dull, T. J., Gray, A. & Lee, J. M. EMBO J. 3, 361-364 (1984), 

42. Jaye, M. et al Nucleic Acids Res, U1, 2325-2335 (1983). 

43. Anderson, S. & Kingston, L B. Proc. natn. Acad. Sci, U.S.A. 80, 6836-6842 {1983). 

44. Lehrach, H., Diamond, D., Wozney, J. M. & Boedtker, H. Biochemistry 16, 4743-4751 
{1977). 

45. Rubin, C. S., Hirsch, A. H., Fung, C. & Rosen, O. M. J. biol Chem. 253, 7570-7578 
{1978}. 

46. Karlsson, F. A., Grunfeld, C., Kahn, C. R. & Roth, J. Endocrinology 104, 1383-1390 (1979), 

47. Tosi, M., Young, R. A., Hagenbuchle, O. & Schibler, U. Nucleic Acids Res, 9, 2313-2323 
(1981). 

48. Setzer, D. R., McGrogan, M., Nunberg, J. H. & Schimke, R. T. Cell 22, 361-370 (1980). 

49. Wisher, M. er al. Biochem, biophys, Res. Commun. 92, 492-498 {1980}. 

50. Yamamoto, T. et al. Cell 39, 27-38 (1984). 

5S1. Gray, A., Dull, T. J, & Ullrich, A. Nature 303, 722-725 (1983). 

52. Rice, C. M., Beli, J. R., Hunkapiller, M. W., Strauss, E. G. & Strauss, J. H, J, molec. Biol. 
154, 355-378 (1982). 

53. Mostov, K. E., Friedlander, M. & Blobel, G. Nature 308, 37-43 (1984). 

54. Leonard, W. J. et al. Nature 311, 626-631 (1984). 

55. Nikaido, T. et al. Nature 311, 631-635 (1984). 

56. Blobel, G. Proc. natn. Acad. Sci. U.S.A. 71, 1496-1500 (1980). 

37. Hampe et al Proc. natn. Acad. Sci. U.S.A. 81, 85-89 (1984). 

58. Hunter, T. Nature 311, 414-416 (1984), 

59. Levinson, A. D., Opperman, H., Varmus, H. E. & Bishop, J. M, J. biol. Chem. 255, 
11973-11980 (1980). 

60. Downward, J., Parker, P. & Waterfield, M. D. Nature 31 1, 483-485 (1984). 

61. Moss, B. & Rosenblum, E. N. J. biol. Chem. 247, 5194-5198 (1972), 

62. Hunkapiller, M. W., Lujan, E., Ostrander, F. & Hood, L. E. Meth. Enzym. $1, 227-236 (1983). 

63. Hewick, R. M., Hunkapiller, M. W., Hood, L, E. & Dreyer, W. J. J. biol Chem, 256, 
7990-7997 (1981). 

64. Sanger, F., Nicklen. S. & Coulson, A. R., Proc. natn. Acad. Sci. U.S.A. 74, 5463-5467 (1977). 

65. Messing, 1., Crea, R. & Seeburg, P, H. Nucleic Acids Res. 9, 309-32! {1981}. 

66. Kyte, J. & Doolittle, R. F. J. molec. Biol. i87, 105-132 (4982). e 

67. Taylor, J. M., Himensee, R. & Summers, J. Biochim. biephys. Acta 4, 324-330 (1976). 











Structure of large fragment of Escherichia coli 
DNA polymerase I complexed with dTMP 


D. L. Ollis, P. Brick’, R. Hamlin’, N. G. Xuong’ & T. A. Steitz 


* Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, Connecticut 06511, USA 
+ Department of Physics, University of California, La Jolla, California 92093, USA 





The 3.3-A resolution crystal structure of the large proteolytic fragment of Escherichia coli DNA polymerase I complexea 
with deoxythymidine monophosphate consists of two domains, the smaller of which binds zinc-deoxythymidine monophos- 
phate. The most striking feature of the larger domain is a deep crevice of the appropriate size and shape for binding 
double-stranded B-DNA. A flexible subdomain may allow the enzyme to surround completely the DNA substrate, thereby 
allowing processive nucleotide polymerization without enzyme dissociation. 





ERROR-FREE replication of parental DNA by polymerases is 
essential for the continuity of organisms from one generation 
to the next. The library of genetic information in the chromo- 
somal DNA must be copied rapidly and accurately into daughter 
DNA. As the ability to pass on genetic information was presum- 
ably required for prebiotic evolution, DNA polymerase activity 
must have been among the earliest catalytic activities. We report 
here the first crystal structure of a polymerase, the large pro- 
teolytic fragment of Escherichia coli DNA polymerase 1, which 
may assist eventually in elucidating both the mechanisms used 
by the enzyme to enhance the fidelity of template-directed poly- 
merization and the origins of polymerase activity. 

The two major roles of DNA polymerase | (Pol I) in E. coli 
are repair of damaged duplex DNA and the processing of 
Okazaki fragments'. The molecule is a monomer of relative 
molecular mass (M,) 103,000 and it has three enzymatic 
activities: DNA polymerase, a 3’-5’ exonuclease thought to edit 
out mismatched nucleotides and a 5’-3' exonuclease. Limited 
proteolysis cleaves the molecule into two fragments”; the large 
C-terminal fragment (the Klenow fragment) has both the DNA 
polymerase and the 3'-5' exonuclease activities, whereas the 
smaller amino-terminal fragment has the 5’-3’ exonuclease 
activity. It was previously thought that Pol I was a zinc metallo- 
enzyme*. However, recent work® demonstrates that Pol I is not 
a zinc enzyme and does not require zinc for any of its enzymatic 
activities. 

Kinetic studies“ and the work reported here suggest that the 
active sites of the DNA polymerase and the error correcting 
3’-5' exonuclease activities are to some extent separate on Pol 
I. The polymerase active site binds double-stranded DNA con- 
taining a single-stranded 5’ extension and deoxynucleoside 
triphosphate (dNTP)'. Although deoxynucleoside monophos- 
phates (NMP) bind also to Pol I, they do not compete, hence 
their binding sites are separate™®?. The dNMP seems to bind to 
the 3’-5’ editing exonuclease active site, as dNMP inhibits the 
3’-5’ exonuclease activity but not the polymerase activity®, pre- 
sumably by product inhibition. 

Crystal structure analysis of the Klenow fragment was initi- 
ated when the DNA encoding the Kienow fragment was cloned 
in a high expression vector’. The subsequent availability of large 
quantities of pure protein has facilitated the growth of crystals 
diffracting to 2.5 A resolution’®’'. We report here the structure 
of the Klenow fragment complexed with deoxythymidine 
monophosphate (dTMP) derived by fitting its known’? amino 
acid sequence to a 3.3 A resolution electron density map. 


Structure determination 


Crystals of the Kienow fragment are tetragonal, space group 
P4,,a=b = 102.9 A, c=85.8 A (ref. 10). We collected data on 
the parent protein crystals and seven potential heavy atom 
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Fig. 1 Schematic drawing of the course of the polypeptide in the 
Klenow fragment. Regions in B-sheet structure are represented by 
arrows numbered from the fragment N-terminus and those in 
a-helix are represented by tubes lettered from the N-terminus. The 
break indicated between helices I and H is at the position of a 
partially disordered 50 residues (not included), The division 
between large and small domains is the loop between helices F 
and G. 


derivatives using the Mark II two-dimensional position sensitive 
detector'*. Each complete derivative data set was obtained in 
only 2 days using one crystal per data set: typically, 80,00€ 
reflections were measured to give 20,000 unique reflections tc 
2.8A resolution. The merging R-factors = (|L p ~ (aD / w 
(where I p= intensity of the ith observation of reflection h) 
ranged between 0.05 and 0.06 for these data sets. Data from a 
native protein crystal collected using the two-dimensional detec: 
tor were compared with data from the diffractometer using the 
Wyckoff scan algorithm. The R-factor between the two data sets 
was 0.065 to 3.5 A resolution. 

Four heavy atom derivatives were used in the phasing using 
the standard method of multiple isomorphous replacement 
(Table 1). 5-Mercury deoxyuridine monophosphate (5-Hg- 
dUMP) and Pt(NO,),?~ were used to 3.3 A resolution whereas 
the other derivatives were used only to 3.5 A (PUCN),?°) ane 
4A (Au(CN),"") resolutions. 

A protein model encorporating the known amino acic 
sequence’? was fitted to the electron density map using an Evans 
and Sutherland colour PS 300 and the computer progratr 
FRODO" (modified by J. Pflugrath). The protein coordinate: 
have been partially refined at 3.0 A resolution to a R-factor o 
0.31 using Konnert-Hendrickson'® restrained least-square: 
refinement. The calculated phases have been combined with the 
experimental phases'® and the resulting hybrids used to calculate 
a map improved in some of the poorly-ordered regions. 








_ Fig. 2.” A-model of dTMP fitted into 

a3.0°A resolution difference electron 
density map . calculated using 
(Farmp~ Frat) as coeficients in the 
Fourier. The Fiyyp values were 
; measured from. crystals soaked in 
solutions containing 14mM dTMP, 
20 mM MgSO,,.1mM ZnSO,, 70% 
saturated ammonium sulphate and 

66mM PIPES buffer, pH 7.0; the 
-Fuar values were without the dTMP 
d MgSO, Phases were calculated 
‘from the protein coordinates only. 
© The position of mercury in 5-Hg- 
> @UMP (HG) is near the 5-methyl 
= position of thymine and the zinc 
~ :(ZN} position is in bonding distance 
of an oxygen of the 5’ phosphate. 
These metal positions are consistent 
» with the orientation and conforma- 
. tion of dTMP. shown. There is addi- 

tional difference electron density 

adjacent to the 5’ phosphate arising 

from the. binding of another small 

molecule to the complex. 
























Structure of the Klenow fragment 


We find that the fragment is folded into two distinct domains 
(Fig. 1), the smaller of which is approximately the first 200 
residues (324-~517 inthe Pol I sequence'*, which form a central, 
mostly parallel B-pleated sheet with a-helices on both sides. 
This domain has a structure reminiscent of many proteins, for 
example the nucleotide-binding domains of kinases!’ and dehy- 
drogenases'*. However, there does not seem to be any strong 
structural homology between these proteins, as superposition 
of the three antiparallel 8-strands 2, 3 and 4 of Klenow fragment 
on three anti-parallel strands of either B-sheet in yeast 
hexokinase does not align any other structural features. Deoxy- 
nucleoside monophosphate binds to this domain near the 
carboxyl end of -strand 2, a position generally similar to 
the location of the NAD- and ATP-binding regions in de- 
hydrogenases and kinases'”'®. However, the orientation and 
position of the dTMP relative to the B-sheet is different in 
detail from the cofactor orientations in kinases and dehydro- 
zenases. 

: The small domain contains a bound metal interacting with 
oth the protein and the 5’ phosphate of dTMP. Comparison 
of crystals soaked in Zn?*, Mn**, Sm** or Mg’* with metal-free 
crystals reveals a tight metal binding site that can bind any of 
‘hese metals. In the presence of 3 M (NH,)2SO,, 20 mM MgSO, 
ind | mM Zn**, the protein binds a Zn?* atom rather than the 
Mg”*. However, in 0.2 M MgSO, and 2 M Li, SO,, Mg** binds 
o the metal site (K. Kornfield, C. Kline, D.L.O. and T.AS., 
























Fig. 3 A stereo drawing of Zn- 

dTMP and some of the residues’ in 

the 3’-5' exonuclease active-site with ` 

which it interacts. The small. © 

molecule bound between the car- 

boxylate of Asp 424 and the 5’ phos- 
phate is not shown. 


unpublished data). The metal is bound to the protein by the 
carboxylate groups of Asp 355, Glu 357 and Asp 501. In the 
dTMP complex, the 5’ phosphate provides a fourth ligand to 
the metal; this metal binding site may account for the earlier 
conclusion‘ that Pol I is a zinc metalloprotein. 

The 400 amino acids of the larger domain are mainly in 
a-helical conformation and form a structure containing a very 
deep cleft similar to the shape of a right hand holding a rod 
(Fig. 1), A six-stranded anti-parallel B-sheet forms the bottom 
of the cleft and large protrusions of a-helix on either side form | 
its sides. The cleft is about 20-24 Å wide and 25-35 A deep 
with two a-helices, J and K, protruding into it. One side of the 
cleft is much longer (50 rather than 20 A) and can be compared 
with the curled over fingers of a right hand. The other wall 
is formed primarily by two long a-helices, I and H, projec- 
ting from the protein and hanging over the crevice like a 
thumb. 

About 64 amino acid residues ate not sufficiently well ordered 
in this crystal form for an interpretation of their electron density. 
Of perhaps most functional significance are the 50 residues that 
lie between the C-terminus of a-helix H (Fig. 1) and the N- 
terminus of a-helix I that cannot be placed with certainty. 
Although there is some electron density at a level higher than 
the general solvent, it is uninterpretable in the present maps. 
Thus, it seems that a small domain of ~50 residues lying at the 
tip of the ‘thumb-like’ protrusion is segmentally disordered or 
flexible in the crystal. The position of this domain would allow 
it to close off the fourth side of the cleft. 











































Substrate binding 


In these crystals, deoxynucleoside monophosphates bind to a 
single site lying on the small domain'®''. A 3.0 A-resolution 
difference electron density map between the enzyme and its 
complex with dTMP, using phases calculated from the partially 
refined protein coordinates, is consistent with the conformation 
of the bound dTMP having approximately the same conforma- 
tion as in B-DNA (Fig. 2). There are few, if any, significant 
changes in the protein structure caused by dTMP binding. 
The specificity of the dNMP binding site derived previously’ 
is consistent with the interactions between dTMP and the protein 
shown in Fig. 3. First, modification of the 5’ phosphate oxygen 
atoms abolishes deoxynucleotide monophosphate (dNMP) 
binding', implying that all available phosphate oxygen atoms 
make important interactions. We observe that phosphate oxygen 
` atoms are interacting with: (1) the metal atom; (2) the hydroxyl 
of Tyr 497 and (3) an unknown small molecule, possibly an 
additional metal atom, lying between Tyr 497 and Asp 423 (Fig. 
2). Second, the 3’ OH-group is buried and H-bonded to the 
backbone amide of Thr 358, which may explain the failure of 
dideoxynucleoside monophosphates to bind’. That the 3'-OH 
is buried and apparently H-bonded is compatible with the NMP- 
binding site being the exonuclease active site, but is not con- 
sistent with it being the binding site for the primer terminus. 
Third, there are no specific H-bonding interactions between the 
thymine base and the protein; this is expected because of the 
ability of the dMNP binding site to bind any of the four bases 
or many modified bases’. Instead, the base is bound by several 
surrounding hydrophobic protein side chains, most notably 
Leu 361, whose side chain interacts with one side of the base, 
and Phe 473, interacting on the other side. In summary, dTMP 
is bound to the enzyme with its phosphate and ribose moieties 
nearly buried whereas the Watson-Crick H-bonding groups on 


Table 1 





Fig. 4 Stereo drawing of a-carbon 
backbone of the Klenow fragment 
including the dTMP and a proposed 
position for bound duplex DNA. The 
double-stranded DNA is represented 
by lines connecting the phosphorus 
positions, and a possible location of 
the primer terminus is labelled PR. 
dTMP is shown with its 5’ phosphate 
bonded to zinc. 





the base are free and pointing towards the solution and not the 
interior of the molecule. 

Comparison of the dNMP binding site of Pol I with the active 
site of staphylococcal nuclease’? shows some striking similaritie: 
and important differences. The essential Ca?" in staphylococca 
nuclease is bound to the protein in part by the carboxylate 
groups of two Asp residues and to an inhibitor nucleotide 
through an oxygen of its 5‘ phosphate. Further, a glutamic acic 
carboxylate lies near the 5’ phosphate (4-5 A) with a bridging 
water molecule in between, analogous to Asp 424 in Pol I (Fig 
3). The most obvious differences between the two enzymes 
include the two arginine side chains binding to the 5’ phosphate 
in staphylococcal nuclease in contrast with one tyrosine 
hydroxyl in Pol I. Nevertheless, some aspects of the chemica 
mechanisms of DNA hydrolysis may be similar in these tw¢ 
enzymes even though their overall structures are completely 
unrelated. 

Attempts to bind deoxynucleoside triphosphates to th 
enzyme in these crystals has failed thus far, presumably becausi 
of the high ionic strength of the 70% saturated ammoniun 
sulphate required to stabilize the crystals. 


DNA binding site 


The size and shape of the large cleft suggests that it binds the 
duplex product of DNA synthesis. B-DNA fits into the cleft i 
the J and K a-helices are placed partially into a major groove 
(Fig. 4). Once again, although there is a structural and functiona 
analogy between the J and K helices and the two-helix motil 
common to some regulatory proteins’ *’, there does not seer 
to be a strong structural homology. The two helices may functior 
in Pol I to fix the translational position of the DNA on the 
protein, as sliding of the polymerase would require the proteir 
to spiral along the DNA. One side of the cleft is ~50A long 





Heavy-atom derivative preparation and refinement 

















Concentration Resolution limits (A) 

(mM) 11.7 8.3 6.4 5.2 44 3.8 3.4 3.0 Total 
5-HgdUMP 4 fr.m.s./Er.m.s. 3.74 3.57 3.89 3.39 2.19 1.67 1.4] LIS 1.95 
R. 0.29 0.38 0.39 0.42 0.69 0.74 0.67 0.72 0.87 
K,Au(CN), 15 fr.m.s./Er.m.s. 1.77 1.73 1.89 1.66 1.15 1.02 —_ — 1.36 
Re 0.54 0.67 0.63 0.66 0.86 0.85 oe oo 0.74 
K,PUCN), 50 fr.m.s./Er.m.s. 1.82 1.42 1.71 1.61 1.30 1.13 1.04 — 1.32 
R, 0.59 0.69 0.71 0.86 0.77 0.84 0.88 — 0.79 
K,Pt(NO,), 18 fr.m.s./ Er.m.s. 0.91 1.22 1.62 1.55 1.17 1.21 1.26 1.23 1,26 
R. 0.80 0.75 0.86 0.75 0.90 0.82 0.86 0.91 0.83 

Number of reflections: 255 576 1,002 1,593 2,279 3,087 4,014 4971 17,777 

Mean figure of merit: 0.91 0.95 0.92 0.86 0.78 0.73 0.59 0.46 0.66 





Abbreviations: fr.m.s., the root mean square calculated heavy-atom structure factor; Er.m.s., the root mean square lack of closure, determiner 
from the centric reflectons only; R, the centric R-factor given by R,= ||Fph—Fp|—/fh|/|Fph— Fpl, where Fph and Fp are the observed structure 
factor amplitudes for the derivative and parent crystals respectively and fh is the calculated heavy-atom structure factor amplitude. All soaking 
conditions included 70% saturated ammonium sulphate, 1 mM ZnSO,, 20mM MgSO,, 14mM dTMP and 66 mM PIPES, pH 7.0, except for the 
‘5-Hg-dUMP, which did not contain dTMP. 
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Fig. 5 A space-filling representation of 
large fragment complexed with DNA, 
viewed (a) down and (b) perpendicular to 
DNA helix axis. The solvent-accessible sur- 
face of the protein is represented by the net 
and was generated using an algorithm of 
Lee and Richards”? and displayed as pro- 
grammed by M. Hanschumacher. The green 
strand of the DNA is the template strand 
and the yellow strand the primer strand. The 
dot surface represents the van der Waals’ b 

radii of dTMP. 


and can serve to orient the DNA helix axis. It can also bind 
he single-stranded template. Although the cleft as its exists in 
hese crystals is a few p Pae too narrow in some places, 
steric overlap of protein and DNA can be alleviated by adjusting 
he positions of protein side chains and slight movement of the 
ielical protrusions (Fig. 1; I, H, J and K). 

The structure of Pol I suggests a mechanism for its pro- 
ressivity, that is, its ability to incorporate many nucleotides into 
DNA before it dissociates from the DNA substrate**, as is 
>ommon in other polymerase reactions**. The location of a 
flexibly attached 50-residue subdomain at the tip of the I and 
H helices in our model suggests that this small subdomain closes 
off the cleft after DNA binds. Thus, if this protein does enclose 
ts DNA substrate, the rate of dissociation of the DNA product 
may be very slow and, if significantly slower than the rate of 
polymerization, could result in processive polymerization. The 








enzyme may simply slide to the new 3' terminus between poly- 
merization steps. 

Several observations support this suggested location of DNA 
on the protein. First, the position of the amino acid change in 
polA6, a mutant Pol I defective in DNA binding”, is consistent 
with our DNA complex. This point mutation is a change of 
Arg 690 to His (C. Joyce, personal communication) and we 
show here that this Arg is close to the DNA (Fig. 6). As it is 
making a salt link with the C-terminal a-carboxylate, Arg 690 
is important in maintaining the structural integrity of the two- 
helix protrusion involved in binding DNA in our model. The 
polAS mutation changes Gly 850 to Arg (C. Joyce, personal 
communication) with the result that the enzyme is less processive 
on the DNA substrate”; also, Gly 850 is near the proposed 
DNA binding site. Second, the high degree of amino acid 
sequence conservation between Pol I and T7 DNA polymerase 
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in those polypeptides forming the surface of the cleft”? suggests 
an important functional role for the cleft. Finally, calculation 
of the electrostatic charge potential using these incomplete coor- 
dinates shows a positive potential only in the cleft and a negative 
potential elsewhere (J. Warwicker, D.L.O. and T.A.S., unpub- 
lished data). 

Although we have no evidence about the location of the 3’ 
end of the primer strand, the suggested position in Fig. 4 seems 
plausible. The primer terminus was positioned to: (1) be as close 
as possible to dTMP; (2) interact with the protein; (3) allow 
interactions between the resulting single-stranded template 
strand and the protein and (4) to be on the end of the DNA 
that is nearest the N-terminus, as the small fragment removed 
from the N-terminus is required for nick translation. As an 
alternative, we tried to build an enzyme-DNA model with the 
3' terminus of DNA attached to the observed position of the 
nucleoside monophosphate. No model which allowed extensive 
protein-DNA interactions could be constructed, nor was it 
possible to fit the DNA into the cleft. In the orientation shown 
` in Fig. 4, several bases of the single-stranded template strand 
can make interactions with the protein. 

The observed binding site of dTMP and the proposed location 
of the primer terminus are too far apart for the enzyme to be 
functional in exonuclease activity in this conformation and with 
these positions of the substrates. The 5’ phosphate of dTMP is 
about 25 A from the primer terminus shown in Fig. 4. There 
are several explanations of this large distance; first, the binding 
of a suitable DNA substrate to this enzyme may result in a large 
change in the conformation of the enzyme. The dTMP could 
be brought into contact with the DNA by a change in the relative 
orientation of the two domains, a conformational change 
analogous to the change induced by the binding of glucose to 
hexokinase”, although somewhat larger. Second, the binding 
of DNA may differ in the polymerase and exonuclease reactions. 
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Fig. 6 Stereo drawing of positions 
of the polA6 and polAS mutations. 
On the a-carbon backbone of the 
large, C-terminal domain of the 
Klenow fragment and the phos- 
phorus atoms of the model of B- 
DNA are superimposed Arg 690 
(which becomes His in polA6) and 
Gly 850 (which becomes Arg in 
polAS) (C. Joyce, personal com- 
munication). 


The DNA may not bind in the cleft for the exonuclease reaction, 
but may bind instead only to the small domain. Third, if three 
or four bases become unpaired at the 3’ terminus in addition to 
the mismatched base, the short single-stranded section formed 
would span the distance between the dNMP site and the double- 
stranded DNA in the cleft. 

To assess the changes in protein conformation resulting from 
binding of the DNA substrate and to locate the position of the 
dNTP substrate in a ternary complex, we next seek to-crystallize 
the protein with a suitable DNA. 


Conclusions 


The crystal structure of the large proteolytic fragment of DNA 
polymerase I has a striking and unique shape suggesting some 
aspects of its function. Deoxynucleoside monophosphate binds 
to the smaller of two domains, with its 5’ phosphate interacting 
with a tightly bound metal ion; detailed analysis of this enzyme- 
product complex may elucidate the enzymatic mechanism of 
the exonuclease reaction and perhaps the process of ‘editing’ 
by which this exonuclease activity increases the fidelity of DNA 
synthesis. The hand-like shape of the large domain may form 
a suitable binding site for the DNA substrate of the polymerase 
reaction. A flexible subdomain may allow the enzyme to sur- 
round the DNA substrate completely and thereby play an impor- 
tant part in processive nucleotide addition. The locations of the 
primer terminus and the nucleoside triphosphate in a productive 
ternary complex remain to be elucidated. 
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Ultra-high energy (UHE) y-ray emission, with photon energies 
up to 2x 10'° eV, has been detected'* from the galactic X-ray 
“source Cygnus X-3 (Cyg X-3), implying the acceleration of charged 
particles there to even greater energies. We present here a model 
_ for acceleration of particles to such energies in binary-star systems 
_ containing accreting magnetized neutron stars, which, if correct, 
implies that many of the known pulsating X-ray sources and 
magnetized cataclysmic variables should also emit UHE y rays. 
» Cyg X-3 is a remarkable X-ray source’, emitting X rays of 
energy 21 keV, with a luminosity ~3 x10% ergs”', which are 
modulated with a 4.8-h period, thought to be the orbital period 
of the underlying binary-star system (though there is no direct 
“spectroscopic evidence to support this conclusion). The SAS II 
satellite detected* the source in the 30-100-MeV range, also 
showing the 4.8-h period, but the COS-B satellite did not do so 
two years later in a similar energy range’. 

For energies 210' eV, there have been two independent 
reports of y rays from Cyg X-3, again modulated with the 4.8-h 
period. First, Samorski and Stamm’, using the Kiel extensive 
air shower array, during 1976-80, detected a flux of photons 

with energies between 2x10'° and 2x10'°eV. For a source 
distance of 10 kpc the flux is ~5 x 10°% ergs~'. Second, Lloyd- 
` Evans et al” reported y rays at energies of 2 x 10'5 eV. The flux 
from soft y-ray energies up to the highest observed energies 
‘shows a continuous spectrum, with a power law of spectral 
‘index —1.1, steepening sharply at energies =10'° eV. 
. We are aware of only one attempt to explain the production 
of UHE y rays from Cyg X-3. Eichler and Vestrand® proposed 
that the origin of the radiation is associated with a rapidly 
rotating strongly magnetic neutron star in a binary-star system 
with orbital period of 4.8 h. For a neutron star with a magnetic 
field ~10'* G and rotating with a period of ~10 ms, it is possible 
to achieve potential gaps near the pulsar to accelerate ions to 
energies ~10'° eV. Although the energy source in this model is 
the rotational energy of the neutron star, the total luminosity 
‘of the source is comparable to the Eddington luminosity, sug- 
gesting that accretion is the energy source. Here we base an 
alternative model, in which the energy source is accretion, on 
„a unipolar inductor model proposed to accelerate particles in 
active galactic nuclei by accretion onto massive black holes’”!': 
¿© Consider the accretion of ionized matter onto a degenerate 
‘star of mass M and radius R. If the accreting matter forms a 
‘differentially rotating accretion disk around the degenerate star, 
‘the ambient magnetic field becomes amplified and a poloidal 
magnetic field of the form (B,, 0, B,), in cylindrical polar 
co-ordinates, is then formed’, where B.(r)oc r7'/?, If the accret- 
“ing material is highly conducting, an observer in a non-rotating 
inertial frame will see an electric field E,(r) = —ug() B(r)/c, 
where u,(r)=(GM/r)'”? is the keplerian velocity of the disk 
material. If the inner radius of the disk is r, and its outer radius 
is ra, the potential difference across the disk is given by’ 
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(Note that in gaussian c.g.s. units, V is given in statvolts, where 
l statvolt = 300 V.) If the degenerate star is magnetized and has 
a dipole field whose axis is parallel to the rotation axis, then r, 








is given by the magnetospheric (or Alfven) radius 



























r= 1.8 x 10° BY,’ R (M/ Me) L3” om (2) 


where B is the surface magnetic field of the degenerate star and 
the total accretion luminosity L= GMM/R, where M is the 
accretion rate. Here B,)=10°° BG, Lyg=10°*Lergs™' and 
R,=10°°R cm. A tacit assumption is that the magnetic field 
will remain anchored in the disk and create the required large- 
scale structure. If, however, buoyancy forces cause the flux tubes |. 
to rise to the low-density ‘skin’ of the disk, with resulting chaotic 
dynamo activity, the potential developed could be reduced. To 
determine whether this is possible requires detailed analysis: 

If we further suppose that B.(r,)~ B(R/r,)*, the value of the. 
star’s dipole field at r=r,, then for a canonical neutron star 
with B= 10' G, R= 10° cm and L = 10° erg s~’; it follows that 
B,(r,)~1.710°G and V~1.6x10'5 V if r~ 10" cm, which 
is interésting because the high potential difference occurs in 
regions of the accretion disk where the magnetic field is much 
lower than at the surface of the neutron star. Furthermore, from 
equations (1) and (2) it follows, for a dipole field; that 
B.(r,)r\/? x B~*’”, Hence lower surface magnetic fields produce 
higher values of B.(r,), as r, is lower (but must be >R), and 
therefore higher potential differences. across the disk. Thus the 
maximum voltage, Vmax that can be generated occurs with r,~ R 
and the luminosity equal to the Eddington luminosity Lg = 
1.3.x 10°°(M/Mo)ergs”'. Hence, for M=1Mo, L= Le, one: 
finds B=1.3x10°G and Vina, = 2X10!’ V, based on a simple 
application of Lovelace’s model’. If B,(r,) drops off faster than. 
r=? the value of Vmas would be reduced: thus for a r` 
dependence, the value for Vmax would be reduced by a factor 
of ~2. 

The electrodynamic models’"'' suggest that jets of plasma can. 
be created. The electrodynamic coupling between the generator 
(disk) and load (jet) can lead to storage and discharge: of 
magnetic energy on time scales of ~f, and t4 respectively'! 
Hence the discharge potentials would exceed Vmax by a factor 
ts/ ta> L. Although the value of t,/ty for Cyg X-3 is unknown, 
the X-ray variability of active galactic nuclei indicates'! that for’ 
them ¢,/t,~ 100. 

The high voltages generated produce acceleration of charged 
particles in the +z directions. If the angular velocity Q of the 
disk is such that Q - B> 0, electrons are accelerated: if Q > B< 0, 
protons or ions are accelerated. The total current of charged 
particles is'? I = ecV, where e « 1, and hence the energy output 
in the two particle beams is 
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which must satisfy the condition Loan = (GM/r,)M = LR/ ry. 

We now apply these results to the Cyg X-3 system. Assuming 
that the 4.8-h period represents the binary orbital period, the 
disk can extend to r,~ 10'' cm. Setting the accretion luminosity 
equal to the observed X-ray luminosity, L,,~3, implies a 
neutron star of mass M =2 Me accreting at its Eddington limit. 
As above, taking r, = R = 10°cm, we find B=1.6x10°G and 
Vmax = 3 X 10!” V, Noting that L,/L,~2= 107, where L, is the 
UHE y-ray flux, and Lp>L,,,2L,, one finds 5x10° > ẹ > 
10~*. It is interesting that a neutron star with a magnetic field 
~10° G is probably spinning rapidly with a period of ~1 ms; it 
could either have been born with a weak magnetic field and 
spinning rapidly, or have been spun up by accretion after an 
initially stronger magnetic field had decayed. Thus, Cyg X-3 
corresponds to a progenitor phase in some evolutionary 
scenarios for the formation of a millisecond pulsar'?. The rapid 
rotation and weak magnetic field implies that the binary would 
not resemble a standard binary X-ray pulsar as is the case for 
Cyg X-3. 

How do these charged particles manifest themselves as the 
observed y rays with energies >10'° eV? If the process results 








n acceleration of positively charged particles (mostly protons), 

then protons of energy ~2 x 10" eV are accelerated in Cyg X-3. 
Given such particles, they can then form”? 7°-decay y rays by 
proton-proton collision with gas in the atmosphere of the com- 
panion star, or with other circumstellar gaseous material. Only 
a few per cent of the total fast-particle luminosity need then be 
converted into photons, a factor easily accommodated by the 
pion production mechanism. The resulting w°-decay y rays will 
have energies of the order 10’° eV. Other radiative processes, 
of course, will come into play, but will not be considered 
here. 

In the above discussion, we have assumed for simplicity that 
the particle beams are directed perpendicular to the disk. Such 
symmetrical emission is unlikely to result in significant variation 
in the y-ray flux with a period of 4.8h, but a highly-inclined 
neutron star magnetic axis is likely to produce a sufficient degree 
of asymmetry in the particle beams for eclipse-like intensity 
modulations to occur, as are indeed observed. 

This model has several other consequences which we list here 
without detailed comment: 

(1) Depending on the sign of Q - B, either electrons or pro- 
tons will be accelerated. Most systems, of course, should have 
an arbitrary angle between Q and B. Nonetheless, many accret- 
ing systems containing magnetized collapsed objects should also 
be UHE y-ray sources and indeed, two other accreting binary 
X-ray sources containing neutron stars, Her X-1 and Vela X-1, 
have been reported as such. Thus, Her X-1 has been seen” at 
energies of 10'2eV and, assuming its magnetic field is of the 
order 10'*G, the present model predicts that it would radiate 
at photon energies up to a maximum of ~10'5 eV. The y rays 
are pulsed with the rotational period (= 1.24s) of the neutron 
star, which suggests, in our model, that the high-energy ions 
produced in the disk are modulated, with this period, by interac- 
tion with the X rays beamed by the accreting neutron star. The 
peak y-ray luminosity is comparable to the X-ray luminosity of 
~10°’ ergs’. Such a high luminosity cannot be explained by 
rotational energy loss from such a slowly rotating pulsar and 
therefore strongly supports our model where the y-ray luminos- 
ity is derived from accretion. Vela X-1, observed'* at energies 
up to 2x10'° eV and pulsed with the orbital period of 9 days, 
has an unknown magnetic field strength, but would fit into the 
present model with a surface magnetic field of the order 10° G. 
As the neutron star in Vela X-1 has such a slow rotation period 
of 283 s, the observed y rays cannot be explained by the model 
of ref. 6. Observational support for these two objects as UHE 
sources, however, awaits independent confirmation. 

(2) Anumber of cataclysmic variables containing magnetized 
white dwarfs’® should also act as unipolar inductors” '''’, 
accelerating fast particles. For example, V1223 Sgr, which con- 
tains a white dwarf with a magnetic field B~10°G and a 
luminosity L~5x10** ergs~', should produce ~3 x10"? V if 
M=1Mo and R =5x 10° cm. 

(3) This process has two very appealing features which make 
it a strong candidate for the source of UHE galactic cosmic 
rays. First, large electric potentials can develop over extended 
regions of relatively weak magnetic fields. Thus, unlike acceler- 
ation near a neutron star surface, accelerated particles can 
escape the accelerating region without significant loss of 
energy. Second, as accretion is the ultimate energy source, 
the source can last for time scales that are astronomically 
significant. 

In conclusion, the UHE y rays reported to have been observed 
from Cyg X-3 (refs 1,2), Her X-1 (ref. 14) and Vela X-1 (ref. 
15) cannot all be explained in a model where the luminosity is 
derived from the rotational energy’ of a neutron star. We suggest 
instead that the high-energy particles, which produce the rays, 
are accelerated in an accretion disk, surrounding a neutron star, 
by the unipolar inductor mechanism”""'; thus accretion is the 
ultimate energy source. 
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Cygnus X-3, a bright X-ray source at a distance’ of more than 
~12kpe beyond the edge of the galactic plane, has peculiar 
properties including very strong radio outbursts’, possibly showing 
jet-like features’, and emission in various y-ray bands** (but see 
ref. 7). The discovery of its 4.8-h X-ray period? showed that the 
source is probably a compact (~ 10'' cm) binary system, but its 
nature and that of its companion, the mode of energy generation 
{accretion or Crab-like pulsar) and also the cause of the X-ray 
modulation are still uncertain. We describe here X-ray data on 
Cyg X-3, obtained with EXOSAT, showing transient quasi-periodic 
oscillations with amplitudes between 5 and 20% of the 1-10-keV 
flux and periods in the range 50-1,500 s. The oscillations persisted 
typically for 5-40 (quasi-oscillation) cycles, occurred exclusively 
in the phase interval 0.0-0.75 (rising branch and top of the X-ray 
light curve), were seen during the high state and probably also 
during the low state of the source, and, at least once, were observed 
with two different periods simultaneously. We suggest that the 
quasi-periodic flux variations are caused by quasi-periodic 
phenomena in an accretion disk which partially occults the X-ray 
source. This tentative interpretation is in accordance with the idea” 
that the 4.8-h modulation of the X-ray flux in Cyg X-3 arises by 
partial occultations of the X-ray source by an accretion disk, like 
in low-mass X-ray binaries such as 4U1822 — 37. 

The X-ray intensity of Cyg X-3 shows a smooth asymmetric 
modulation’, remarkably constant in shape on long time 
scales'', but fluctuating strongly from cycle to cycle'”, mainly 
on time scales <3,000s (ref. 12). To study the short-term variar 
bility of Cyg X-3, we have observed the source with EXOSAT 
on six occasions between October 1983 and May 1984. We report 
the intensity variations observed with the Medium Energy (ME) 
experiment’? on time scales >5 s. Observations with durations 
between 0.7 and 2.5x10*s were performed on 22 October, 5 
November, 3 and 18 December 1983 and on 3 January and 21 
May 1984. During two of the observations the source was in a 
low state? with a background-subtracted counting rate (during 
light-curve maximum) between 180 and 260 count s~' (1-10 keV) 
in the full 1,500-cm? ME-array; in the remaining four observa- 
tions the light-curve maximum count rate varied between 830 
and 670 count s`’. On intensity plots of the data, transient 
quasi-periodic oscillations were immediately apparent in most, 
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Fig. 1 Composite quasi-periodic oscillations observed in the l- 
10-keV flux of Cyg X-3 on 5 November 1983. a, Counting rate in 
the 1,500-cm? ME array in 30-s bins. The statistical accuracy per 
bin is 5 count s~'. The peaks of the ~500-s-period oscillations are 
indicated with arrows. Notice the sharp drop in flux near the end 
of the plot. 6, An expansion of the data immediately preceding the 
drop in flux, at 4x greater time resolution, revealing a series of 
quasi-periodic flares with recurrence times between 50 and 80s. 
Insets show the power spectra of the data, detrended by subtracting 
„>a polynomial to remove low-frequency components. The power 
_ was normalized to a mean level of one in the high-frequency range. 
° Counts are uncorrected for the ~30 count s~' background level. 


though not all, of our observations. They therefore may be a 
common aspect of the flux variations in Cyg X-3. 

_ Figures | and 2 show the !-10-keV flux of the source in the 
high state during the intervals when the oscillations were 
observed. On 5 November 1983, the flux behaviour is particularly 
interesting. About 2,000 s after the start of the observation (that 
is, at binary phase 0.1, with phase 0.0 at light-curve minimum), 
quasi-periodic oscillations with a typical period of 500s begin 
and persist until the sharp 20% drop in source flux at f= 9,000 s 
which takes place within ~100s (Fig. la). During the 2,000 s 
preceding the drop, a second quasi-periodic oscillation with a 
~70-s period is present (Fig. 1b), so that during this time two 
oscillations occur simultaneously. (Note that the time scales of 
the sharp intensity drop and the preceding oscillation are quite 
similar.) On 3 January 1984, we observe initially a ~250-s 
oscillation just after light-curve minimum, which modulates the 
source flux by up to 20% (Fig. 2c); thereafter the source settles 
in a slower 1,400-s 7% quasi-periodic oscillation during the rise 
to light-curve maximum (Fig. 2d). 








Power spectra of the data (Figs | and 2 insets) show cle 
the signature of the quasi-periodicities and the typical periods. 
of the oscillations. Note the wide range in coherency: from 
‘coherent’ within the observational accuracy, on 22 October. 
1983 (all the power in one bin in the power spectrum, that is, 
Af/f<4%) to a considerable frequency spread of power on 5 
November 1983. 

There is no generally accepted method for estimating the 
significance level of quasi-oscillations observed in a variable 
source. For coherent oscillations a common approach is to” 
compare the power in the oscillation with the mean power ina 
local frequency range (which contains the oscillation) and to’ 
assume an exponential distribution of the local power. ampli- 
tudes (see, for example, ref. 14). If we compare in our data the 
highest power in the enhancements caused by the quasi-oscilla- 
tions with the mean power in the regions next to the enhance: 
ments, we find significance levels of 4-60 in all cases except on 
18 December 1983 (20°). This method is rather insensitive to. 
quasi-oscillations in general, however, as it neglects a large. 
fraction of the power (usually distributed over several bins in- 
the power spectrum), and is therefore expected to underestimate 
the significance of the quasi-oscillations. (Note that only a small. 
number of bins in the power spectrum is ‘searched’ in this 
procedure, as the approximate period of the quasi-oscillation 
is known previously from the intensity plots.) The power spectra 
show a marked increase towards lower frequencies (‘red noise’) 
on which the peaks caused by the quasi-oscillations are superim- 
posed and hence an estimate of the local mean power from the’ 
adjacent regions may be inaccurate. The low-frequency noise 
in Cyg X-3 has been measured accurately during a long (30h) 
uninterrupted EXOSAT observation (R. Willingale, A. R. King 
and K. A. Pounds, personal communication) of the source in’ 
February 1983. Using this to estimate the local mean power 
underlying the quasi-oscillations (assuming the amplitude: of 
the low-frequency noise to be proportional to the source flux), 
we find in all but one case (400-6005, 5 November 1983) a- 
somewhat higher significance. 

The source was in a low state during our 21 May 1984 
observation. In the rise to light-curve maximum, we observe a 
series of flares and dips (Fig. 3), which, according to the Fourier - 
analysis of the data, has a periodic component of ~ 1,000 s. 
Because of the similarity with the high-state observations, we 
conclude that the quasi-periodic oscillations probably occur also 
during the low state, although we do not consider this result as 
yet established. 

In most models”'*-'* for Cyg X-3, the X-ray source is surroun- 
ded by a scattering region. The ~100-s 20% drop in source flux, 
observed on 5 November 1983, allows us to place an upper limit 
of ~1.5 x 10'? cm on the radius of this region if its X-ray optical 
depth is >1.6. This limit is mainly relevant to cocoon’ and 
stellar wind'*-'* models of the source. 

The observed time scales of the quasi-periodic oscillations 
(50-1,500 s) are orders of magnitude shorter than the relevant 
time scales for changes in structures of the size of the binary 
system (or larger) and correspond to the dynamical time scale 
of matter well inside the Roche lobe of the X-ray source. In a 
standard disk model, the rotation time of the matter in the disk, 
the time scale on which hydrostatic equilibrium in the z-direction 
is approached and, for a value of the viscosity parameter a of 
order 1, the thermal time scale are (at the same radius r in the 
disk) all of the same order”. For a 1.4 Mo neutron star, the 
observed oscillation time scales correspond to values of r 
between 5 and 50% of the radius of a Roche-lobe filling disk. 
Therefore, we tentatively suggest the oscillations are caused by 
partial occultations of the X-ray source by matter at different 
radii in an accretion disk. The transient quasi-periodicities could 
arise by oscillations in the z-direction, or by structures projecting — 
above the surface of the disk (‘blobs’), which are carried around 
by the rotation of the matter in the disk. In several cases (for 
example, 5 November, 2 January) the dips of the observed 
oscillations are of considerably shorter duration than the peaks, 
which would seem to favour the latter mechanism (a disk oscilla- 
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Fig. 2  Quasi-periodic oscillations observed during three different high-state observations, Bin sizes for a-d are 15 s (22 October 1983), 22.55 
(18 December: 1983), 10 and 15s (3 January 1984), respectively. Collecting area was 1,500 cm’ and background level (not subtracted) ~30_ 
counts s™', except for c where these values ate a factor of two less. Power spectra (insets) are as in Fig. 1. Note the different scales of a-d. 



















«tion: would-be. expected naively to give rise to a sinusoidal 
. modulation) with the blobs being of relatively small azimuthal 
extent (< 90°). Depending on the radial extent and the nature 
of the blobs (ripples on the disk surface, magnetic loops), 
shearing would destroy them after some time’®, consistent with 
the transient nature of the quasi-oscillations. 
This. interpretation.is in accordance with the accretion-disk 
corona: model which has been applied? to Cyg X-3 as well as 

















to the low-mass X-ray binaries 4U1822—37 and 4U2129+4 
Similar explanations have been proposed for a 10-5 qua: 
periodicity observed in the pulsating source 4U1626~67°' and 
recently for fluctuations seen” in 4U1755— 33”? and 4U1705 - 
44%. These sources are all low-mass X-ray binaries thought tc 
be powered by the Roche-lobe. overflow of a red-dwarf co 
panion to the X-ray source. The observed gradual lengthe 

of the orbital period?” of Cyg X-3 probably implies orbi 
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Fig. 3 As Fig. 2, but for the low state observed on 21 May 1984. 
Bin size is 24 s. The dips which contribute to the periodicity showing 
up in the power spectrum (inset) are indicated. 


expansion, which would prevent a hypothetical red dwarf from 
overflowing its Roche lobe were it to follow approximately the 
mass-radius relation for low-mass main-sequence stars during 
its mass loss. Moreover, Cyg X-3 has very peculiar radio and 
possibly y-ray emission properties. It is thus quite different from 
any of the low-mass X-ray binaries mentioned above, but the 
way in which their X-ray light curves are produced may well 
be similar. 
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Speculation that aeolian processes operate on Venus’? has been 
confirmed tentatively by analyses of results from Venera space- 
craft™". Here we describe simulations of venusian wind processes, 
which show that particles are moved by ‘rolling’ at wind speeds 
as much as 30% lower than those required for saltation threshold. 
This mode of wind transport is only observed for sustained periods 
in water on Earth; thus, there are similarities between aqueous 
fluid transport on Earth and atmospheric transport on Venus. The 
formation of small sand ridges and grooves oriented parallel to: 
the wind direction is associated with the rolling of grains in venusian ` 
simulations and these structures may be unique aeolian features 
on Venus. a 

Because the venusian atmosphere is almost 50 times dense 
than that of the Earth, wind speeds for particle movement aré 
reduced by about an order of magnitude on Venus compared 
with Earth. Consequently, the measured near-surface winds ô 
0.5-1.0 m s~' seem to be well within the range required to trans- 
port sand-size particles® and aeolian processes may play asig- 
nificant role in the modification of the surface, both in the 
formation of landforms, such as dunes, and in the redistribution 
of sediments. To determine the characteristics of aeolian proces 
ses on Venus, a wind tunnel (VWT) capable of simulating the 
near-surface venusian environment was fabricated. Previous 
experiments”? have established (1) saltation threshold. wind 
speeds as a function of particle size, (2) the flux of saltating 
particles, (3) the speed of individual grains, and (4) the nature 
of small bedforms, such as ripples. 

Bagnold? has described three modes of aeolian transport on 
Earth: surface creep, saltation and suspension. Generally, sur- 
face creep involves coarse grains (<4,000 pm); saltation invol-. 
ves coarse silt and sand grains ( ~ 40-4,000 jm) and suspension 
involves fine particles ( <40 pm). As the size of grain most easily 
moved (that is, by weakest winds) is fine-medium sand (~ 
100 um) most near-surface windblown particles are moved by 
saltation. Indeed, on Earth, both surface creep (called ‘impact 
creep’ by Sharp®) and suspension result primarily from the 
impact of saltating grains. 

Bagnold’ noted that as wind speed increases over a bed of 
loose sand grains at rest, the direct pressure of the wind begins 
to roll some of the grains. At a distance of 30-40 cm downwind 
from the point where rolling begins, grains increase in speed 
and begin to saltate, frequently causing a cascading effect in 
which other grains are set directly into saltation on impact. In 
our experiments, conducted under terrestrial conditions'!, we 
find a similar sequence and note that the transition from rolling 
to fully developed saltation is rather abrupt and the rolling stage 
is very brief (less than a few seconds), despite careful control 
of the wind speed. Thus, rolling as a mode of aeolian transport 
does not appear to be important on Earth in terms of mass 
transport of material, as it occurs either briefly on attainment 
of the threshold velocity or intermittently by saltation impact. 

In venusian simulations, we ran six sizes of well-sorted parti- 
cles ranging from fine sand to small pebbles (average diameters 
are 105, 300, 800, 4,600, 7,800 and 13,000 um; the three smaller 
sizes were quartz, the three larger sizes were rounded grains of 
microcrystalline calcite). For each size, a bed of particles ~1 cm 
thick was spread evenly over the test plate of the wind tunnel. 
The tunnel was pressurized to venusian conditions, run briefly 
at a wind speed above threshold to develop a natural aeolian- 
textured surface, then stopped’. The wind speed was then slowly — 
increased while the test bed was observed through viewing ports- 
and the motion and general behaviour of individual grains were. 
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Fig. 1 Wind threshold curves for three types of particle motion 

in simulations of Venus: u» is wind friction speed: ux is ‘freestream’ 

wind tunnel speed, which can be taken as approximately equivalent 
to wind speeds measured by the Venera landers. 


noted. In some experiments, high-speed (up to 4,500 frames per 
second) motion pictures were taken through side viewing ports 
to observe the motion of grains near the bed. 

We observed three types of particle motion in these simula- 
tions of Venus: wobbling, rolling and fully developed saltation. 
Previous experiments’ showed that impact creep also occurs 
and, although experiments have not been conducted with fine 
particles, we presume that suspension would also occur on 
Venus. The threshold wind speeds at which the three types of 
motion are initiated are shown in Fig. 1 as functions of particle 
diameter. In wobbling motion, the grains quiver but did not 
move out of place. At a slightly higher wind speed, the grains 
began to tumble along the surface in the rolling mode and only 
a few grains would saltate. Continuous (fully developed) salta- 
tion did not occur until markedly high wind speeds were avail- 
able, especially for large particles. The values shown on Fig. | 
for continuous saltation correspond to the single threshold cur- 
ves predicted for Venus in previous studies'**’. Thus, when 
the rolling mode of wind transport is taken into account, wind 
speeds on Venus for aeolian activity may be 30% less than 
previous estimates. : 

The rolling observed in VWT does not lead to a cascading 
effect, which on Earth ordinarily transforms the surface of the 
bed rather suddenly into a saltation cloud, Observations that 
the rolling mode can be maintained in VWT for an indefinite 
„period and that a windspeed can be chosen (for any specified 
particle size) to maintain rolling are indications that venusian 
aeolian transport differs significantly from that on Earth. The 
sub-saltation regime of particle motion in VWT gives rise to a 
distinctive bedform parallel to the wind direction (Fig. 2). In 
the rolling mode, the test-bed surface was sculpted into a series 
of grooves and ridges oriented parallel to the wind for tests with 
“the finest (~ 105-um) particles. These features, some of which 

extended the full length of the test plate, were several millimetres 
-high by several millimetres wide and are remarkably similar in 
size and form to grooves and ridges produced in mud by 
_ unidirectional water currents'*. Allen suggests'* that transverse 
components of flow associated with boundary-layer streaks are 
involved in eroding the grooves and shaping the bed. Above the 
saltation threshold, bedforms consist of small ripples and ‘micro- 
dunes” that are transverse to the wind. 

Our results show that the movement of particles in the dense 





Fig. 2 View of grooves and ridges developed in fine quartz sand 
(110m in diameter) in association with particles rolling along 
the surface in a simulation of Venus: the windspeed was held 
below the value required for continuous saltation. Area shown is 
about 20 by 40 cm; illumination from upper left; wind was blowing 
from left to right. 


venusian atmosphere resembles that of water-driven particles 
on Earth. Bagnold? compared particle movement in air with 
particle movement in water on Earth and noted that the 
fluid/ particle density ratio is 1: 2,000 in air and 12.65 in water; 
in the dense venusian atmosphere this ratio is approximately 
1:40. Thus, aeolian conditions on Venus may share characteris- 
tics of both aeolian and aqueous conditions on Earth. For 
example, we have previously described small dunes (micro- 
dunes) that develop in venusian simulations and resemble sand 
waves formed in water but are absent in air on Earth®. In 
additional venusian simulations, we have observed the develop- 
ment of erosional slip faces on microdunes at high wind 
velocities (due to reverse flow in the lee eddy), similar to the 
erosional lee slopes developed in subaqueous bedforms referred 
to as current ripoles'*. Furthermore, Gilbert's description? of 
the movement of particles in water is remarkably similar to our 
own obsevations from venusian simulations. He notes a roll- 
ing/saltation mode in which grains roll along the surface and 
occasionally saltate on short trajectories. Similarly, Abbott and 
Francis’? have recognized a distinctive rolling mode for small 
(centimetre) pebbles in water from high-speed photographs of 
flume experiments. They note, however, that rolling continues 
at fluid velocities well above the suspension threshold. 

From comparisons with particle transport in water, we infer 
that the rolling mode is sutained in VWT because of the fluid~ 
particle density ratio in the venusian environment. The fluid is 
evidently dense enough to generate surface shear for grain 
motion at velocities well below saltation threshold, similar to 
water, but, unlike water, is not sufficiently dense to carry the 
particles aloft in continuous saltation at low velocities. 

The rolling mode of wind transport on Venus may be impor-. 
tant from several considerations. (1) Frequency of transport: 
because threshold wind speeds for rolling are significantly lower 
than for continuous saltation, the occurrence of aeolian procés- 
ses may be more frequent than is indicated solely on the basis 
of saltation threshold, despite the relatively gentle winds recor: 
ded on Venus. (2) Interpretation of venusian surface: if some 
bedforms are the consequence of a mode of fluid transport that 
is unique to the venusian environment, then interpretations of: 
the surface should not rely solely on terrestrial aeolian (or water). 
analogues. (3) Movement of large particles: particles of 4-5 mm 
may be easily moved by rolling (Fig. 1), by winds within the 
range expected on Venus. (4) Flux of windblown material: 
previous estimates of the amount of material moved by the wind 
on Venus'® do not take into account the rolling mode, but are 
based solely on saltation. Thus, substantial material may be 












y surface creep involving rolling (especially for large 
‘al s) at relatively low (sub-saltation) wind speeds. However, 
tal flux may still be far less than that of sediments transpor- 
ted by water on Earth'’. (5) Small-scale surface features: small 
ures transverse to the wind such as ripples and microdunes 
did not develop in experiments in which transport occurred 
lely by rolling. However, grooves and ridges parallel to the 
= wind were formed and thus may be expected on Venus. The 
- length of these features was governed by the size of the wind 
tunnel and it is possible that on Venus they could extend for 
- tens.or even hundreds of metres. Depending on the characteris- 
. tics of radar imaging systems, such as wavelength, and the 
_ geometry of the radar beam, radar signatures from the surface 
of Venus could be influenced by the presence of these grooves 
vand ridges. In these preliminary results, we note that although 
there is an association between rolling and longitudinal bed- 
forms, the latter features are not necessarily a function of this 
mode of transport. 
This work was supported by the National Aeronautics and 
Space Administration Office of Planetary Geology through the 
NASA-Ames Aeolian Consortium. 
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Neutron generation in lightning bolts 
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Intense electrical discharges through polymer fibres have been 
shown' to produce 2.45-MeV neutrons, probably by deuteron- 
deuteron fusion. Noting broad similarities between discharges in 
_ polymer fibres and natural lightning, Libby and Leukens” have 
suggested that neutrons are also generated in lightning flashes, as 
a result of the fusion of deuterium contained in the atmospheric 
water vapour; by rescaling the plasma parameters of polymer 
-fibres to those involved in natural lightning, they have predicted 
a yield of ~10'* neutrons per lightning flash. An experiment by 
Fleischer’, however, using fission track detectors placed near light- 
- ning arrestors, has failed to ascertain the neutron production in 
“lightning discharges. Based on the number of background cosmic- 
Fay tracks accumulated in these detectors during seven months 
of observations, Fleischer estimated an upper limit of 2.5 x 10°° 
~ neutrons per lightning stroke. In our experiment, we have attempted 
«to keep the cosmic-ray neutron background at a negligible level 
“by searching for neutrons from individual lightning strokes, for a 
time-interval comparable with the duration of the lightning stroke. 
Here we present the first experimental evidence that neutrons are 
generated in lightning discharges, with 10’~10'° neutrons per 
stroke. Whether these neutrons are thermonuclear in origin, or 
-are generated by non-thermal processes, remains to be determined. 
- > Neutrons were detected at Gulmarg (altitude 2,743 m, latitude 
34.07° N, longitude 74.42°E) by a low-energy cosmic-ray 
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Fig. 1 The time-delay distributions of one-neutron lightning- 

triggered (LT) and manually-triggered (MT) events. Exponential 

curves fit both the data sets and produce a mean count rate of 10 

neutrons s~', suggesting that these events are related to the back- 

ground cosmic rays. The hatched portion represents the error range 
estimated for the fitted curves. 


neutron monitor comprising 21 enriched BF, counters, each 
90 cm long and 3.8 cm in diameter. The counters are arranged | 
in the form of a pile and are placed over 28-cm-thick paraffin 
wax slabs 8 m above the ground, which helps render the monitor 
essentially opaque to low-energy background neutrons entering 
it from below. The counters are also covered from above with 
7.5-cm-thick paraffin wax to thermalize 2.45-MeV neutrons and 
allow their detection with an efficiency of 73%. The monitor 
has an effective surface area of 3x10* cm? and continuously 
records low-energy cosmic-ray background neutrons with an 
average rate of 1.8x10* neutrons per 30min. The pressure 
coefficient for the monitor is —0.66% per mbar, in close agree- 
ment with reported values** 

A linear antenna is mounted in the vicinity of the monitor to 
sense the short-term electric field variation associated with a 
lightning stroke. The signal, after suitable amplification and 
amplitude discrimination, activates an interval-counter to count 
10-us pulses from an oscillator, from the instant of the sensing. ; 
of the electric field to the arrival of the first neutron detected 
in the pile. The time delay, thus registered in the arrival of the 
prompt neutron, is used for computing the distance to the 
lightning stroke, assuming a line-of-sight propagation. This 
neutron and those detected within the next 320 us are recorded 
in four counters, each opened sequentially for an interval. of 
80 us and having provision for counting a maximum of 99: 
neutrons. At the completion of the recording sequence, the time 
delay and the neutron counts are printed and the system primed 
for a subsequent lightning event after a dead-time of 400 ms. : 
Note that the total counting time of 320 ps is large compared 
with the 50-ys duration of a typical lightning stroke and: small 
compared with the average inter-stroke time of 40 ms°®. The — 
cosmic-ray background is negligible in this time and, thus, it is 
possible to monitor neutrons from individual lightning strokes 
with a high signal-to-noise ratio. 

Between May 1980 and May 1983, the Gulmarg experiment 
has responded 11,200 times to potential gradient variations from 
lightning; it has also been activated manually on 8,400 occasions 
by feeding a pulse generator output to the lightning channel 
discriminator unit at randomly chosen epochs. Table 1 compares 
the frequency of the lightning-triggered (LT) events as a function 
of neutron number recorded per event with the corresponding 




























































number ofm nually trigg ; 
ina large majority of both LT and MT events, only one neutron 
-is recorded within the monitoring interval of 320 ys. Figure | 
shows, for these event groups, the distribution of the time-delays 
s recorded by the interval counter. Exponential curves fitting 
‘both data sets do not differ significantly from one another, 
‘suggesting a random arrival time of the detected neutrons in 
both cases. Further, the distributions result in an average time 
delay of 0.15 between the arrival of successive neutrons, in 
`- agreement with the count rate of 10 neutrons s~' recorded by 
the monitor for the background cosmic rays. These observations 
demonstrate clearly that the single neutron events result from 
the random arrival of cosmic-ray neutrons in the monitor and 
have no association with the preceding lightning discharge. The 
two-neutron events (see Table 1) are observed to constitute 
2.23% and 1.11% of the total observed LT and MT events, 
respectively. These numbers are higher than the values calcu- 
lated for the chance arrival of two neutrons from the cosmic-ray 
background, within a recording time of 320 ps. It is conceivable 
that some of the two-neutron events result from the neutron 
bunches expected to be generated by the interaction of cosmic- 
ray hadrons of energy = 10'' eV with the material present around 
the pile. At the same time, a possible association of these events 
with lightning flashes is suggested by the greater percentage of 
two-neutron LT events observed compared with the correspond- 
ing MT events. 

Only for events of three or more neutrons are major differences 
observed between lightning and manual triggers. There are only 
four MT events with three neutrons and none with more than 
three neutrons. By contrast, 124 LT events have been registered 
with 23 neutrons, including 59 and 39 events with =6 and =9 
neutrons, respectively, and one with a maximum count of 60 
neutrons. The large differences in the relative number of LT and 
MT events and in the number of constituent neutrons show that 
most of the LT events with =3 neutrons cannot arise in the 
same manner as the four corresponding MT events. The pro- 
cesses precluded include neutrons from the cosmic-ray back- 
round, produced either singly, by low-energy primaries, or in 
bunches, by high-energy hadron interactions. The association 
of recorded neutrons with the cosmic-ray shower secondaries 
of primary energy =3 x 10° eV is also precluded, as only single 
neutron events were recorded when, in the course of a simul- 
taneous run for 48 h, the system was triggered ~2,800 times by 
the output of a 10mx10m shower array. The shower array 
boundary was ~4 m from the centre of the neutron pile and a 
finite number of shower triggerings should have been followed 
by a significant neutron count in the pile. That only single 
neutron events were recorded indicates the relative insensitivity 
of the neutron pile to high-energy shower neutrons. As the whole 
experiment is fully powered by batteries, any lightning-induced 
transients in the power lines are not expected to affect the 
operation of the pile. That the half-hourly counting rates of the 
monitor do not show any erratic behaviour further suggests that 
the lightning-generated electrical noise does not also adversely 
affect the operation of the system electronics, including the data 
recording unit. Moreover, it is not possible in this way to account 
for 23-neutron events with time delays of 10-10" ps, as the 
lightning-associated electrical noise should generally affect the 
recording system almost simultaneously with the activation of 
the lightning detector and thus be recorded as events with smaller 
time delays. That this is not the case, is clearly shown by our 


Manually triggered (MT) and lightning-triggered (LT) events 
with different neutron numbers 


=. Table 1 





No. of events 


No. of neutrons MT type LT type 
l 8,299 (98.84% 10,818 (96.65% ) 
2 97 (LH%) 250 (2.23%) 
3 4 (0.05%) 40 (0.35%) 
>3 0 (0.00%) 84 (0.77%) 


~ data where 





out of 124LT events with =3 neutrons, 56 LT 
events have time-delays in the range 107-10% us. 

The possibility of electromagnetic pick-up originating from 
subsequent strokes rather than from the first return stroke has 
been considered, although this is unlikely to happen, as the first 
stroke is usually the strongest stroke in a flash. One cannot, a 
priori, preclude the possibility of the system being triggered by 
strong electromagnetic activity preceding a lightning flash, 
whereas the neutron signal may be caused by pick-up from the 
lightning stroke. We have, therefore, verified experimentally 
how susceptible our system is to electromagnetic pick-up under 
natural lightning conditions. For this purpose, additional logic 
circuitry has been incorporated in the system, which is capable 
of detecting a maximum of four succeeding strokes of a lightning 
flash and recording their relative time spacings. This differential 
time information, together with the provision for recording the 
delay between the initial triggering of the system and the arrival 
of neutrons in four time-gates of 80 us each, would then reveal 
any direct connection between the neutron events and the light- 
ning strokes. The experiment has been operated with this modifi- 
cation for about three months and several hundred LT events 
have been recorded, many of which were multi-stroke events. 
Whereas most of them were one-neutron events, a total of 24 LT’ 
events were two-neutron events and two LT events had three 
neutrons each. A comparison of the integrated and differential 
time information for the events reveals that in none were the 
detected neutrons in close coincidence with the detection of 
electromagnetic pulses from a single or a multi-stroke lightning: 
flash, which reinforces our contention that the neutron signal 
cannot be attributed to any lightning-induced transients. It 1s. 
therefore logical to associate the 124LT events having 23 
neutrons with neutron generation in lightning and to interpret: 
the observed time-delays as the propagation time of these 
neutrons from the location of the lightning discharges. 

Assuming a simple geometry consisting of a vertical lightning 
channel of length H equal to 2km, at a distance r from the 
detector, the following approximate relation has been used to 
calculate the neutron yield per stroke 


N =(Np/ nA) (4rHr)/(tan™ Hr) (exp £r) (1) 


where r (cm) = 13.8 x 10° WE, N is the total number of 
neutrons produced in the lightning channel, Np the number of 
transmitted neutrons recorded by the neutron monitor, and 7 
and A, the detection efficiency and the effective area of the 
monitor respectively. The total macroscopic cross-section, 5, at 
the observation site, for neutrons of energy E, (eV) is computed 
from the published microscopic scattering and absorption cross- 
section values’ for an atmospheric composition of 80% nitrogen, 
20% oxygen. : 
Figure 2 shows the time-delay, t, and the number of neutrons. 
recorded during the sampling time of 320 us for each of the 
124 LT events. Evidently, 50 events have time delays in the range 
10-50 ps, which, if the constituent neutrons are assumed to be 
of 2.45-MeV energy, result in a total yield of 9x 10°-2 x10. 
neutrons per stroke. Such events would pass undetected in the: 
measurements of Fleischer’, because of the average detection 
limit of 2.5 x 10'° neutrons per stroke inherent in his mode of 
detection. The time delays recorded for the remaining 65 events 
are well spread between 60 and 2 x 10° ys and result in neutron 
yields too large to have gone undetected in earlier experiments: 
In addition, such high fluxes are also incompatible with the 
physical conditions obtained in a lightning channel and necessi- 
tate a reinterpretation of the large time delays exhibited by these 
events. It is possible that these events originated in multi-stroke 
lightning flashes; the first stroke triggers our system, but the 
neutrons are generated in a succeeding stroke beionging to the’ 
same or a different flash. Another plausible explanation is that 
these events comprise neutrons of lower energy produced” other 
than by the postulated deuteron-deuteron fusion reaction, for 
example by CCH, n) PN and “NCH, n)°O. It is also worth 
considering that, when lightning strikes a tree, neutrons may be 
generated by the fusion of deuterons present in the vaporized: 
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> Fig.2 The time-delay distribution of the 124 lightning-triggered 
< (LT) events having =3 neutrons. The digits represent the number 
of constituent neutrons recorded in the sampling time of 320 ps. 


‘wood of the tree’. Such neutrons would undergo substantial 
energy degradation by the surrounding wood before reaching 
‘the detector and would be registered as events with large time 
delays. 

The reason for considering these alternatives seriously 
‘becomes apparent when considering the following two events 
-recorded at Gulmarg: a lightning i is known to have struck a tree, 

1.5km away, resulting in the registering of 10 neutrons after a 
time delay of 30 ps. Even after correcting for the delay in sensing 
‘the electric field variation due to its finite rise-time, the actual 
distance for this event is still underestimated by almost a factor 
of two when neutrons of energy equal to 2.45 MeV alone are 
‘considered. One may infer, therefore, that the neutron energy 
was >2.45 MeV. On the other hand, the more plausible explana- 
tion for the small time delay is that the first detected neutron 
is a randomly-arriving cosmic-ray background neutron followed 
subsequently by neutrons from the lightning channel after a 
time lag. 

In another instance, a fir tree, situated ~400 m away from 
our detector, was severely damaged in a lightning strike in which 
33 neutrons were recorded in 320 us. The observed time delay 
of 7.174 x 10* us for this event places the source at a distance 
several orders of magnitude farther than the actual value of 
400 m, assuming a neutron flux of 2.45-MeV energy. On the 
other hand, it is possible to account for the observed distance 
properly if we assume neutrons to have an energy as low as 
0.2 eV. In fact, choosing neutrons with energies between 10° and 
0.023 eV and accounting for the atmospheric absorption, we can 
‘reconcile the large time delays observed for 65 events with 
plausible yields of 3 x 10% —2 x 10' neutrons per stroke. We note 
that these calculations assume a continuous emission of neutrons 
along the lightning channel, which may not necessarily be true. 
Instead, neutrons may be generated in a limited length of the 
channel where conditions are most favourable. In the extreme 
“situation of neutron generation from a point source, however, 
‘the calculated flux values do not change substantially from those 
of a line source. Furthermore, we must emphasize that the above 
estimates are only approximate and that, to calculate the neutron 
-yield and interpret the observed time delay more accurately, 
zone should consider atmospheric scattering and absorption 
effects under stormy conditions. Detailed modelling, using more 
accurate neutron propagation theories, is required for this 
purpose. 

In conclusion, we have presented here evidence of possible 
“neutron generation in lightning discharges, at yields of ~107- 
40! neutrons per stroke. That this is several orders of magnitude 
lower than the predicted values’ is partly explained on the basis 

































































that, while rescaling the wire ling 
process, the significant differences in the respective plasma 
temperatures and reaction cross-section for the neutron. gene 
ation were ignored. Further, it is not clear from our experiment 
whether these neutrons are thermonuclear in origin or are gene 
ated by non-thermal processes. In future, it will be important 
to obtain the lightning source distance independently to over 
come the uncertainties, inherent in our technique, in-estimating 
the yields from the recorded ‘time delays’. There should also 
be provision for recording the lightning-generated neutron 
events simultaneously at another pile installed at an appropriate 
distance. A boron or cadmium cover placed over the pile would.. 
then further establish the genuineness of the events and broadly 
determine the energy of the neutrons. 
We thank Sunil R. Kaul for his assistance in running the 
experiment. 
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Convection on a scale smaller than the horizontal dimensions of 
lithospheric plates can be produced by instabilities in the upper 
or lower boundary layer of the larger mantle flow. Small-scale 
convection associated with the upper boundary layer should pro- 
duce a detectable gravity signal and affect the rate of cooling and 
subsidence of the lithosphere. I describe here a numerical model 
of small-scale convection in a fluid of variable viscosity. The results 
indicate that recently observed gravity anomalies' showing a pat- 
tern of highs and lows aligned in the direction of oceanic plate 
motion may be the result of small-scale mantle flow. The convective 
flow must begin in the first 6 Myr of lithospheric cooling to produce 
the observed signals, which is not inconsistent with constraints on 
the viscosity of the mantle. The calculated trend for the subsidence 
of the ocean floor is found to be almost linear with (time)'’* even 
when small-scale convection has significantly changed the rate of 
subsidence. For average shallow asthenospheric viscosities of 
~10'* Pa s, the model subsidence can match data for the oceans”? 
and repreduce the magnitude and wavelength of the observed 
gravity anomalies. 

The cooling of the oceanic lithosphere as it moves away from 
a ridge will be affected by small-scale convection. These effects 
are studied by calculating the flow in two-dimensional boxes 
induced by the cooling of a fluid from above. This two- 
dimensional treatment is justified by experiments on the inter- 
action between two scales of convection, of which the smaller- - 
scale flow is in the form of two-dimensional rolls* where axes 
are oriented parallel to the larger flow, analogous to the plate. 





* Present address: Lamont-Doherty Geological Observatory, Columbia University, Palisades, 
New York 10964, USA. 









































Fig. 1 This schematic diagram of the oceanic mantle shows the 
orientation expected for small-scale convection beneath the 
oceanic lithosphere. The end view, which shows a cross section of 
the small-scale rolls, is the plane in which the numerical calcula- 
tions are done. 


flow (Fig. 1). Here, the horizontal dimension is parallel to the 
ridge and the other dimension is the vertical; the model depth 
is 400km and various widths are considered; time is propor- 
tional to distance from the ridge, assuming a constant plate 
velocity, which assumes, as previously’, that vertical gradients 
of velocity in the direction of plate motion are negligible, which 
should be valid over several hundred kilometres and makes 
these calculations tractable. 

The two-dimensional Navier-Stokes equations of energy, 
mass and momentum conservation in a fluid of variable viscosity 
and infinite Prandtl number® are solved using an explicit finite 
difference formulation with grids of variable spacing to allow 
a fine mesh in the region of high gradients of viscosity’. The 
boundary conditions make the side and bottom insulating and 
stress-free; the boundary conditions at the top are a constant 
temperature (273 K) and a flow that entails no slip. The starting 
temperature profile is that for 5-Myr conductive cooling of a 
half-space, initially at 1,573 K, and an adiabatic gradient 
(0.3 K km™') is added when calculating the viscosity. Two types 
of temperature perturbations are used to induce flow: when 
studying the onset and growth of convection cells, a perturbation 
of random magnitude between 0 and 1 K is given to each point; 
when the effects of one convective wavelength are considered, 
aperiodic perturbation is used. 

The values of constants in the Navier-Stokes equations are: 
the temperature scale, 1,300 K; thermal expansion coefficient, 
a = 4.0 xX 107° K~’; thermal diffusivity, x = 1.0 x 107° m? s™', and 
_ the acceleration of gravity, g=1.0x10'ms~*. Viscosity, v, is 
taken to be a function of temperature, T, and pressure, P, asë 


»(T, P)= A exp[(E + PV)/RT] (1) 


where A is a constant that determines the average level of 
viscosity and R is the universal gas constant. The activation 
energy, E for creep in olivine (measured range’, 300- 
500 kJ mol!) controls the temperature dependence of viscosity; 
the activation volume, V, determines the pressure dependence 
of viscosity and has been found to be in the range (1.0-2.0) x 
10° m° mol”! based on experimental and theoretical esti- 
mates’. Many model cases have been calculated to assess the 
‘importance of the parameters that determine viscosity (W.R.B. 
and E.M. Parmentier, in preparation), but the results of only 
one case are discussed here. For this we take E = 420 kJ mol”! 
and V=10~*.m? mol”! and use a value of A that gives a viscosity 
“of 10'* Pas at 150-km depth at the initial temperature in the 
model. The activation volume is critical in reconciling different 
estimates of mantle viscosity. An average mantle viscosity of 
~10?! Pa s is required by post-glacial rebound rates'', but several 
geophysical observations require lower viscosity (<10'° Pa s) at 
shallow depths in the mantle (~100km) under the oceanic 
_lithosphere and under tectonically active areas of the con- 
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Fig. 2 The results of one numerical calculation of small-scale 
convection are shown for a box that represents a 400 x400-km 
region of the mantle after 10 Myr of cooling (5 Myr after the 
convection calculation was begun with an initial temperature pro- 
file from 5 Myr of conductive cooling). The positions of the 10* 
grid points used are indicated by the tick marks on the contour 
plots. A random temperature perturbation was given to each point 

at the start of the calculation. The dominent wavelength of flow 
has increased from a value of ~80 km after 2 Myr in the calculation 
to 150 km after 5 Myr. The temperature contours identify 600, 925, 
1,250 and 1,150 K, in order from the top, and the streamfunction 
contours are evenly spaced between ~1.04x10°* and 8.5.x © 
10°° m?s~'. The parameter A, in equation (1), is set to give a 
viscosity of 10'° Pas at 150km and 1,573K. The horizontally 
averaged temperature and viscosity are also shown, together with 
the model gravity anomaly that includes the effect of temperature | 
variations and the effect of vertical deformations produced by the 

flow. 


tinents'*"'*, which is accomplished by the pressure dependent 
term, PV. ; 
Figure 2 shows characteristic features of results in terms of 
contours of temperature and stream function for a time 5 Myr 
from the origin of the calculation at time 5 Myr, the point from. 
which the temperature perturbations grow. This means that the 
cooling time for onset of convection is <5 Myr. The area where: 
the isotherms are almost horizontal is the conductive lid where 
the viscosity is high enough to ‘preclude flow. The advective 
transfer of heat to the lid, cold material flowing away from the 
lid is replaced by hotter material, must have an effect. on the 
rate of cooling of the lid. To quantify this, we calculate the 
average temperature drop, AT, (t), at time f, in the top portion 
of the box to a depth, Z,, here taken to be 150 km. To relate 
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Fig. 3 The subsidence for case 1! calculated with a= 

3.8 x107 K~! in equation. (2) plotted against 1”. A ridge crest 

depth of 2,200 m is assumed in the calculation of subsidence. Also 

shown is: the ocean depth data for the Pacific? out to 100-Myr age. 

For reference the subsidence for purely conductive cooling calcu- 

lated with the same thermal expansion, a, and thermal diffusivity, 
K, is shown. 


AT, to water-loaded thermal subsidence of the lithosphere, S, 
we use the relationship 
S(t)= Pm 
(t) = a AT, Z, (2) 
(Pm = Pw) 
where p,,=3.3X10?kgm™ and p,,=1.0x10°kgm™ are the 
densities of the mantle and water respectively. This assumes 
‘that Z, is the level of isostatic compensation where horizontal 
pressure gradients are neglible. Thus, by assuming different 
‘thermal expansion coefficients, a, for the convective and conduc- 
tive cases, each can have the same slope on a plot of S against 
a. ? Such a plot, using data on ocean floor subsidence or depth 
is linear for the first 80 Myr of cooling’’, which has been 
considered to reflect only conductive cooling of the lithosphere? 
‘or cooling with a phase change at the base of the lithosphere’. 
Although the data on ocean depths for ages of <~80 Myr are 
consistent with conductive cooling of the lithosphere, with x = 
1.0x 107° m*s7! and a =3.2x10° K7!, they can be fit equally 
well by the results of the convection calculation, if a= 
3.8x107° K7', as shown in Fig. 3, or by a range of results of 
‘convection calculations for different viscosities. The higher value 
for a is in better agreement with the laboratory estimates of a 
for olivine i in the temperature range appropriate to this prob- 
Jem’. If different values for Z, are chosen, then different values 
of. and a are required .to‘match the subsidence data, but the 
major conclusions remain unchanged. 

If small-scale convection begins in the first few million years 
of lithospheric cooling, then the flattening of the plot of ocean 
depth against t7, inferred to occur at ~80 Myr, cannot be 
caused by the onset of such convection, as suggested pre- 
‘viously*'’. Another view of the data is that the flattening is 
gradual and the result of heat transported from deeper:in the 
mantle, with mantle plumes as possible carriers of this heat”. 
‘In any case, the main result of these calculations is that when 
small-scale convection begins under the cooling lithosphere, a 
sudden change in the rate of subsidence does not occur. 

‘The Seasat oceanic altimetry data include features that may 
indicate when vigorous small-scale convection begins. Haxby 
and Weissel' have noted linear gravity anomalies of 4-10 mgal 
amplitude with a wavelength of 150-220km (see Fig. 4), 
approximately parallel to-the direction of plate motion, the 
orientation expected for this type of convection’. The anomalies 
arë seen over regions of the lithosphere as young as 6 Myr in 
age, and older. Here the wavelengths of the flow depend on the 
viscosity patameters assumed i in-equation (1), but the magnitude 
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Fig. 4 Seasat-derived gravity anomalies and filtered shipboard 
gravity anomalies for profiles that are perpendicular to the trend 
of linear gravity highs and lows observed in the Seasat data’, 
together with a model gravity signal. The profiles' are centred on 
0° 'N latitude and 145° W longitude and are oriented roughly N-S. 
The shipboard gravity has been filtered to remove signals with 
frequencies too high to be detected by Seasat. The model example. _ 
is for the same time as the case illustrated in Fig. | and shows that 
the calculations predict gravity anomalies in the same magnitude 
and wavelength range as those observed. 


of the predicted signals are relatively insensitive to the average 
viscosity. The gravity anomalies produced in the calculation b 
convection have been estimated using a standard method!” and ` 
assuming local isostasy. The wavelength and magnitude of the. 
anomalies increase with time, but as shown in Fig. 4, small-scale 
convection can produce anomalies with the observed amplitude 
and wavelength. The flexural rigidity of the lithosphere will. 
diminish the magnitude of the signal, but for young regions thi 

effect should þe:small. Because the gravity signals are produced 
by the topography that results from convective stresses, they 
can be ‘frozen in’ as the lithosphere cools and its flexural rigidity 
increases. ee 

Thus, small-scale convection organized into vigorous rolls by: 
a lithospheric age of 6 Myr could produce the observed gravity 
features. This requires asthenospheric viscosities at least as low 
as those considered here (~10'* Pas). But average viscosities: 
more than a factor of 10 lower than this predict a subsidence 
that cannot match the oceanic data without assuming extreme 
values for the. thermal expansion and diffusivity of the 
lithosphere. 

I thank Marc Parmentier for help in doing these calculations _ 
and Sean Solomon and Nafi Toksoz for critical reviews of the 
manuscript. This work is supported by NASA grant NAG 5-41 
and an Exxon Teaching Fellowship. 
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Although several authors have suggested that sulphur plays an 
important role in the volcanism on the jovian moon Io’*, some 
deny the participation of elemental sulphur there, at least in the 
form of cooled flows’. Studies of volcanism on Io have focused 
attention on the role of sulphur in terrestrial volcanism. On Earth, 
fumarolic sulphur is very common in almost all active volcanoes, 
but sulphur flows are rare, having been reported only on Siretoko— 

lésan volcano in Japan”, on Sierra Negra and Azufre volcanoes 
‘in the Galápagos Islands'™'? and on Mauna Loa in Hawaii'*"*. 
- Of these, the Siretoko—lésan example is the only natural molten 
sulphur flow to have been observed in the process of formation; 
the others being rather poorly exposed. I describe here a singularly 
well-exposed example of sulphur lava flows, on Lastarria volcano 
in Chile, where the liquid sulphur appears to have been formed 
by melting of fumarolic sulphur deposits caused by a rise in the 
thermal gradient owing to the renewed activity of the magmatic 
source. 

Lastarria is a small compound andesite-dacite volcano rising 
from ~4,200 to 5,700 m in the Antofagasta Region of northern 
Chile. Although there is no recorded history of eruptions, 
fumaroles are conspicuously active on the northwestern flank 
and at the summit; prominent sulphur flows have been identified 
below the northwesternmost fumarole and minor flows are pres- 
ent near a summit crater. Fumaroles are located on the edges 
and flanks of the younger northernmost craters (Fig. 1). 
Fumarolic vents are either fractures (~ 1 m x50 cm) in andesite, 
or chimney- -like (15 cm in height, 7 cm in diameter) and cone-like 
‘hornitos’’' built on a base of unconsolidated pyroclastic 
deposits. Fumarolic gases have also percolated to the surface 
over wide areas in the fumarolic fields (> 2,500 m°) and vent to 
the surface through random cracks and fissures. 

Sublimated sulphur has a deep yellow-orange colour on the 
internal moist parts of the brittle walls of the active chimneys; 
the external powdery surface is light yellow. Sulphur sublimated 
“atthe chimney is cooled quickly and becomes crystalline (orthor- 
hombic) with a stable light yellow colour. Around the higher 
<- temperature parts of the fracture vents, the altered rock is black, 
grading into a brown-orange and then into an orange-yellow 
powdery sulphur deposit a few centimetres away. The brown- 
orange sulphur, although solid where accessible, retains a liquid 
morphology with flow droplets which have rounded margins 
{2 cm long, 0.5-1 cm. wide, 0.5m thick). This material grades 
inwards to masses of dark red amorphous sulphur with a glassy 
lustre filling cavities and coating internal fracture surfaces of 
the extensively altered and fractured outer crust (1-5 cm) of the 
host rock. These colours may imply that the sulphur has reached 
+ a temperature hotter than 250 °C", 
` “Two main flows of sulphur (sloping at 24~28°) have been 
identified on the middle of the north-west flank of Lastarria 
(Fig. 1). The distal end of the lower flow (350 m long) underlies 
a pyroclastic flow which itself is covered by a younger higher 
sulphur flow (220m long). The recurrence of sulphur flows 
through time is also demonstrated by the presence of different 
flow units. (at least five within the lower flow) showing complete 
cooling and a varying degree of morphological degradation 
between units, that is, the lowest and oldest flow has lost its 
surface structures, probably by wind, snow and water action. 
There is no evidence bearing on the absolute age of the sulphur 
flows, but it is clear that they are not new. 

The thickness of individual flow units decreases downslope 
from 20cm in proximal areas to 10 cm at the distal front and 


* Permanent address: Servicio Nacional de Geologia y Mineria, Casilla 10465, Santiago, Chile. 
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Fig. 1 Map of the northwestern part of Lastarria volcano: (1) 

lava flows; (2) dome; (3) ‘hot avalanche’ deposits; (4) ash fall 

deposits; (5) pyroclastic flow deposits; (6) fumarolic deposits; (7) 
main sulphur flows; (8) craters. 


flow widths vary irregularly between | and 2.5 m. Structures and 
surface textures resemble those of pahoehoe lava flows. Chan-: 
nels of 50-80-cm width and levées up to 10 cm high are common; 
cascade-lobes (1.5 m long) have flowed down from levée edges 
and successive flow units (pulses) are confined to previous 
channels until they spill over the levées (Fig. 2a and b). 
Pahoehoe-like surface texture is always present, with concentric 
and twisted ridges (2-3 cm high) oriented perpendicular to the 
flow directions. Some of these ridges have folded over to form 
an imbricated scaly surface. These structures show clearly that 
the flows cooled more rapidly at the margins than at the central 
parts, thereby forming a surface crust. 

Near the sources, sulphur flow colour is a pale greenish- 
yellow, with grey tone at the distal ends. Incorporated fragmental 
constituents, comprising up to 28% by volume, are composed 
of altered grains of bleached clayey rock (2-5 mm) and pyroclas- 
tic material (0.5-5 cm) distributed without layering within the 
flow, suggesting laminar emplacement. Very irregularly shaped 
vesicles (1-5 mm) in the upper part (up to 3cm thick) of 
individual flows have been observed, reaching up to 26% in 
volume. At the base, a thin layer (<5 mm) of yellow sulphur 
penetrates as small lobes into the loose tephra over which the 
flow passed. Confined to the neighbourhood of the fumaroles, 
smaller flows (~2 x3 m, ‘mantle flows’) of deep yellow sulphur. 
2-5cem thick have been identified, their surface texture is 
pahoehoe-like with complex wrinkled ridges exhibiting 
wavelengths of 0.5-2 cm (Fig. 2c). Less common flows have 
smooth ‘surfaces and are formed by a series of overlapping 
toe-like lobes (1.5 cm wide), visible throughout the thickness 
(0.5-2 cm) of the flows. The former flows have developed:a skin 
of amorphous cooled yellow sulphur. Isolated spatter droplets 
{<1 cm thick, 20cm long, I-Scm wide) of yellow sulphur, 
perhaps splashed out of the source, have also been observed. 
The total volume of sulphur in all observed flows does not 
exceed 300 m°. 

These different sulphur flows have emerged from the sur- 
rounding fractured and altered rocks, heavily coated by 
fumarolic sulphur deposits, and no specific vents could be: 
identified. Flow heads are located either on sloping surfaces or 
on the top of a slope. Fumarolic deposits are partially covered 
by pyroclastic material and clearly existed before some of the 
explosive eruptions took place. The intercalation of a pyroclastic, 
flow between main sulphur flows Suggests the presence of a 








Fig. 2 a, Small sulphur flow unit confined to 
previous flow channel. b, Channel and levée 
structures covered by successive less-degraded 
sulphur flow units. c, Typical pahoehoe-like 
surface texture with complex wrinkled ridges 
of mantle sulphur flows. Note hammer forscale. 


fresh magmatic source that provided a rise in the local thermal 
gradient necessary for melt and mobilization of sulphur deposits. 
Subsequently, liquid sulphur reservoirs could have been formed, 
or the volcano slope could have allowed melted sulphur to flow 
through fractured rocks until it reached the surface, analogous 
to the process that has been postulated’* for the Mauna Loa 
sulphur flow. 

The temperature of formation may be tentatively inferred 
from the mode of deposition and the colour retained. Bright 
yellow-orange sublimated (fumarolic) sulphur was deposited 
between the boiling point of water (83-84 °C) (no water vapour 
was condensed on the inner parts of the vents) and ~113 °C, 
the melting point of sulphur. Brown and red liquid-morphology 
. Sulphur deposited near fracture vents was probably formed at 
temperatures above 250 °C, as at high temperature liquid sulphur 
becomes extremely reactive and the colour is obscured by 
irreversible darkening due to organic impurities'’. The yellow 
reverted colours indicate that the sulphur flows cannot have 
cooled from above 250°C'* and it is unlikely that they were 
mobilized above 160° because of the resulting very high viscosity 
(Fig. 3); the temperature must therefore have been between 113 
__and 160 °C, comparable to the proposed’? eruptive temperatures 
of ~130-160°C for Siretoko-Iésan flows based on measure- 
ments away from the vent. 

Liquid sulphur has unusual rheological properties (Fig. 3). 
Cooling Lastarria sulphur flows below 160°C would have pro- 
duced rheological flow profiles similar to those of silicate lava, 
with a stiff crust enclosing a fluid interior. Theoretical models 
and experimental studies which interpret the role of sulphur in 
eruptive processes on Io*'*!*'® have not considered natural 
conditions in sulphur flow formation on Earth. It is important 
‘to establish whether these sulphur flows behaved as Newtonian, 
‘Bingham or even as pseudoplastic fluids. Experiments have 
indicated that pure liquid sulphur behaves as a Newtonian 
fluid'?°, but homogenously-dispersed accidental fragments 
(28%) and gas bubbles in Lastarria sulphur flows could sig- 
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Fig. 3 The variation of viscosity*® and colour of liquid sulphur 
with temperature. 


nificantly change this behaviour to resemble those silicate melts 
that behave as non-Newtonian (even pseudoplastic) fluids owing 
to the presence of crystals and gas bubbles”'. 

The Siretoko-Iésan'° and Lastarria sulphur flows are the only 
flows reported to have regularly-spaced surface ridges. Three 
conditions must be satisfied to develop surface folding in a 
viscous newtonian fluid: high contrast between surface and 
interior viscosities, large compressive forces relative to the 


















_ deformation without fracturing”. The resulting fold wavelengths 
are proportional to the crustal thickness*. This can be 
expressed” as Ld/H = 28/In R, where Ld is the arc length of 
the ridge, H is the thickness of the crust of variable viscosity 
‘and R is. the ratio of surface to interior viscosities. However, 
for sulphur flows between 113 and 160°C, the viscosity contrast 
is <2 (Fig. 3), which is insufficient to produce ridges of the 
magnitude described above, given the ~3-cm thickness of the 
crust (vesicular layer). On the other hand, Hulme’s**”* model 
for the yield strength (Bingham fluids) and effusion rate of lava 
flows, based on their morphology, is also inapplicable to the 
Lastarria sulphur flows, predicting absurdly high (1,800- 
3,300 m? s~') effusion rates. 
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_ Further study of the flows at Lastarria and their structures 
could help in understanding the emplacement of sulphur flows. 
All reported natural terrestrial sulphur flows seem to have been 
formed by remobilization of fumarolic deposits, probably at the 
low viscosity-temperature stage, although small amounts of 
highly viscous molten sulphur could also be present. Rheological 
properties of sulphur flows could be modified by incorporation 
of accidental fragments and by formation of vesicles, which, by 
lowering the local density, could either favour or disrupt an 
internal temperature-viscosity layering, and modify surface 
folding, of the flow’. Such aspects should also be considered 
in speculations about volcanism on Io. 
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Nitrous oxide (N,O) is an important ‘greenhouse’ gas (besides 
CO, and CH,) and is also involved in the destruction of ozone in 
the stratosphere. The relative importance of major sources and 
sinks of N,O for a global budget has yet to be assessed accurately. 
Measurements of the *N/'N (refs 1, 2) and '°O/'°O isotopic 
_ composition of N,O from different sources and the comparison 
with the isotopic composition of atmospheric N,O could lead to 
more accurate estimates of the contributions to the atmospheric 
pool by the different production mechanisms. Here we report the 
first results for '*O/'°O ratios in N,O collected from different 
environments, measured by high-resolution infrared spectroscopy 
using tunable diode lasers. The results show a considerable range 
in ôO (fable 1), which could eventually lead to an isotopic 
-budget for atmospheric N,O. 

Nitrous oxide is produced by bacterial processes of nitrifica- 
tion and denitrification mainly in soils and oceans*”’, and to 
some extent during fossil fuel combustion*”'°. Photochemical 
destruction occurs in the stratosphere’ ~$, Recent increases in 
the atmospheric concentration of N,O*'° are attributed to 
increased fossil fuel combustion and fertilizer use. 

A global budget for N,O has not yet been established accur- 
ately. Quantitative estimates of the production and destruction 
rates of different sources and sinks and of the atmospheric 
-residence time scatter considerably*'®. 

More information may be obtained from stable isotope data 
on nitrogen and oxygen in N,O. The isotopic composition of 
N-O from different environments is expected to vary because 
of different formation processes, specific equilibrium fraction- 
- ation and chemical and biological kinetic isotope effects. If this 
is indeed so, then more accurate estimates could be obtained 
for a global NO budget from the comparison with the isotopic 
composition of atmospheric N.O. 

Recently '°N/'*N data were reported for N,O (refs 1, 2), 
revealing small differences between oceanic and atmospheric 





Table I! Concentrations and 8'%O for N,O from different environments 





N-O 
concentration 8 O(SMOW) 
Sample (p.p.m.) (Xa) 
Ambient air (Albany, New 
York) 

Dec. 1981 42.7+0.6 

May 1982 0.30-0.35 47.2+0.4 

Sept. 1982 45.3403 

Feb. 1984 45.6+0.4 

March 1984 43.440.2 

March 1984 48.3409 
Green Lake, New York, 

water 

Sept. 1982, 13 m depth 3.5-4.1 93.0 + 0.3 
Soil gas 

Sept. 1983 0.57 35.9204 
Stackgas from coal- 

burning power plant 

Binghamton, New York 
Sample | 40.6 58.6 £0.4 
Sample 2 50.0 59.9 + 0.4 
Car exhaust 10.1 46.9+0.3 
NO tank I 34.1+40.2* 
NO tank 2 37.0+0.3 





* Measured by isotope ratio mass spectrometry (R. Lawrence and 1 
White, Lamont-Doherty Geological Observatory). 


N20. Based on simple mass considerations the oxygen isotope 
effects are expected to be larger. As oxygen is involved in 
oxidation and reduction it may be reasonable to expect larger 
variations in 6'*O of NO than in 5'°N, and thus more easily 
discernible information may be obtained from the measure- 
ments of ôO in N,O (60 (%)={{(80/'O sample)/ 
(*0/'°Q SMOW)]~ 1} x 10°, where SMOW is standard mean 
ocean water). Oxygen-18 exchange with water of precursor anc 
intermediate oxygen-bearing nitrogen compounds seems to. 
negligible’? and the isotopic identity of dissolved and atmo: 
pheric N30 is preserved. se 

The '*O/'°O isotope ratios were measured by high-resolution 
infrared spectroscopy using tunable diode lasers. This technique. 
is free from possible interference by trace CO, contaminatio 
The measurements are performed on two neighbouring vibr 
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Fig. 1 8'0 (SMOW) in N,O from different environments and 
sources. Also shown is 5'*O for atmospheric oxygen”. 
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Fig. 2 Profiles for temperature ( T), dissolved oxygen (D.O.) and 
[N,0] from the deep section of Fayetteville Green Lake, New York 
(43°03'00"N, 75°47'48'48"W). 


-tion-rotation absorption lines for N, '®O and N,'°O, namely, 
‘P(27) and P(64) or P(26) and P(63) of the v, band at 
1,225 cm~". These line pairs are chosen because about equal 
-absorbance is obtained for the two molecular species at their 
‘natural abundance. The laser frequency is modulated by a 
_cufrent ramp to scan the two absorption lines and alternatively 
_ passed through two parallel absorption cells of 40-cm length. 
Whereas one cell contains reference NO at all times, the other 
cell is filled alternatively with sample, reference and standard 
OA small sinusoidal current variation is superimposed on 
‘amp to produce the optical derivative signal at the HgCdTe 
detector, which is analysed synchronously with a lock-in 
amplifier. The rectified lock-in output is sampled with a signal 
















averager. Several hundred scans each, from sample and re 
ence cells, are accumulated for a single measurement with si 
to noise levels typically > 10*. The 5'°O of the sample is then 
computed from the integrated peak ratios. Minimum sampl 
size at present is ~0.6-cm* N,O (STP). As reference gas we used 
commercially available tank N,O, which is manufactured by 
dehydration of synthetic ammonium nitrate. Oxygen-18 calibra- 
tion was obtained from N,O enriched in '*O. For the conditions 
used, the system response is linear in 5'*O. Calibration agains 
the SMOW scale was obtained by converting quantitatively the 
tank N,O to H,O with H, and Cu; 8'0 (SMOW) was. det 
mined by isotope ratio mass spectrometry. This technique i 
also applicable to the nitrogen isotopes, with the capability o 
measuring '°N/'*N for both N atoms individually. fo 

Air samples (ambient air, soil gas, exhaust gases. from a 
coal-fired power plant and an automotive engine) were collected. 
into tanks with a compressor. NO concentrations in the samples. 
were determined by gas chromatography with an electron- 
capture detector’? for small concentrations and with a thermal 
conductivity detector for large concentrations. The large volume 
samples were then passed, in the laboratory, at a low flow tate- 
through a dry ice-acetone cold trap and drierite and ‘ascarite 
columns for removal of H,O and CO,; the N,O was trapped at 
a pressure of 100 torr at 77 K in a large glass coil, purified by. 
gas chromatography and measured as described above. Soil gas 
samples were collected from under a sealed plastic sheet cover- 
ing an area of 100m*. Water samples were first stripped with 
counterflowing He and the N,O separated from the collected 
dissolved gases. No significant isotope fractionation was 
observed when tank N,O, diluted to ambient air concentration 
by pure N, evaporated from liquid nitrogen, was subjected to. 
the same separation procedure. i a 

The types of samples analysed and the results are listed in ; 
Table 1. The 5'*O values and uncertainties are means and 
standard deviations from multiple measurements and: do. not 
contain any systematic error from the enriched N,'*O standards.. 
The 6'*O results are also shown in Fig. 1. A fairly wide range 
of &'*O was obtained from this limited set of samples. The six 
samples of ambient surface air taken at different locations yield 
an average 5'*O of 45.4+ 1.0%. More data are needed to investi 
gate the observed scatter which may be due to sampling location 
or time, or both. 

Dissolved N,O from.Green Lake, New York, shows the high 
est 5'%O. This sample, although insignificant for global produc. 
tion, is from a special freshwater environment with conditions.’ 
similar to a fjord. Green Lake is meromictic and the water 
sampled at a depth of 13m was from below the chemocline. 
Profiles of temperature, dissolved oxygen and N,O concentra- 
tions at the time of sampling are shown in Fig. 2. There is an.” 
extended layer where peak N,O concentrations ranged 3.5- 
4.1 p.p.m. The data suggest that the N,O is derived from denitrifi- . 
cation, although production by nitrification cannot be totally 
excluded. In the process of bacterial N,O consumption the 
lighter molecule will be reduced preferentially, leaving behind 
N:O enriched in '*O. In fact, we have measured a substantial 
'8O isotope effect in the reduction of N,O by Pseudomonas 
aeruginosa (unpublished data). From a series of experiments 
with the remaining unreacted substrate N,O fraction, f, ranging 
from 55 to 10%, the per mil enrichment factor 
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(where 5, is the original substrate 8'30), was found to be —42% 
for T= 10°C and —37% for T = 26 °C. These values are similar, 
but expectedly larger than those for '°N (ref. 19), although 
experimental conditions were not identical. Such a mechanism. ` 
could be responsible for the high 5'*O in N,O from the Green 
Lake waters. ; 
N-O from the bulk soil gas sample collected from a field’. 
heavily fertilized with manure shows a 5'*O value below that 
of atmospheric N,O. The N,O concentration under the plastic 





sheet increas o 
a result of soil gas with overlying air. We suspect that 
this N,O is predominantly from nitrification. N,O from nitrifica- 
tion is a byproduct from reduction of nitrite’; it has been shown 
that the oxygen in the intermediate nitrite is derived equally 
from molecular O, and H,07'”?. From the oxygen isotopic 
composition of atmospheric oxygen and of precipitation and 
ground water a relatively light N, '*O may, therefore, be expec- 
ted. The isotopic composition of the ‘pure’ soil N.O component 
can be estimated from the result of the analysed bulk sample 
(8'8O = 35.9%), the excess N,O and 5'8O0 = 45.4% for atmos- 
pheric N,O. The result is 8'80 = 24% for this soil derived N,O, 
as indicated in Fig. 1, where, for comparison, 5'°O = 23.5% for 
atmospheric oxygen is also shown” 

Production of N,O by fossil fuel combustion is estimated to 
be a small fraction of the global N,O production**"'", but NO 
from biomass burning may be substantial?*. The N,O concentra- 
tions measured in our samples from coal combustion and from 
automobile exhaust (from a test engine equipped with catalytic 
converter’’) are similar to those reported by others®'’, who 
have also proposed formation mechanisms. The 6'*O of N O 
in these gases are rather large considering the possible sources 
of combustion oxygen, which may indicate that N,O is an 
intermediate reaction product and that efficient N,O decomposi- 
tion is also occurring during combustion. 

Oxygen exchange between N,O and water was found to be 
extremely small. A volume (40 cm*) of tank N,O (STP) was 
stored in a vacuum container together with 1.0g of H,'*O 
(99 atom %) at room temperature for 1.85 yr, during which we 
observed an increase of 4+ 1% above the initial 6'°O in the 
N,O, which allows us to estimate a rate constant. If this is 
applied to the conditions in the ocean and atmosphere, it 
becomes obvious that isotopic exchange is negligible for even 
the longest residence time estimates*”° 

The observed range in 6'°O for NO supports the view that 
the 5'*O values are regulated primarily by the mechanism of 
N.O formation in different environments and reservoirs. For 
N20 from nitrification it is conceivable that 5'*O is largely 
determined by the isotopic composition of the available 
molecular O, and H,O, but also influenced by kinetic effects. 
Thus, N,O from nitrification in soils and oceans may have 
different 5'°O, owing to isotopic differences in the available O: 
and H,O; particularly if oceanic N.O is produced mainly in 
ek deficient layers, where the dissolved oxygen is enriched 

O compared with atmospheric oxygen”. In the case of 
dedicate: where N-O is an intermediate of nitrate reduc- 
tion, the oxygen of N,O is derived from nitrate-oxygen. As both 
nitrate- -oxygen and nitrite-oxygen do not readily exchange with 
water-oxygen'’, the isotopic composition of nitrate- -oxygen 
(itself a product of nitrification), besides kinetic effects, may 
determine 5'*O of N,O. Also remnant N,O from partial NO 
reduction could be substantially enriched in '*O. 

We are currently enlarging our database, especially for atmos- 
pheric N,O and soil gas samples from different soil ecosystems. 
Also included will be N,O samples from the minimum oxygen 
layers of the Atlantic Ocean and N.O sampled from the stratos- 
phere, to test whether an isotopic N,O budget can be obtained. 

We thank E. Marczak, who performed the isotope measure- 
ments, G. Tucker and C. Schwenker, who contributed to the 
experimental realization, Dr. C. Kunz, R. Mahoney and W. 
Ahearn for help with sampling and the N,O separations. 
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The marine geochemistry of tellurium is unknown, being one of 
the few elements whose concentrations in seawater have never been 
reported’, The major problem in studying Te stems from its rarity 
and the poor sensitivities of most analytical methods (even its 
crustal abundance is still controversial’). We have developed a 
very sensitive method allowing accurate measurements to be made 
of Te(tv), Te(v1) and total Te in seawater and we present here 
several vertical profiles of these species, which were obtained from 
the ocean. The Te profiles resemble in part the behaviour of Se 
and in part that of Po, reflecting the position of Te between Se 
and Po in Group Vib of the Periodic Table. Te, like Se, is found 
to be present in two oxidation states, Te(v1) and Te(1v), but their 
relative stabilities are reversed with respect to Se’. Se(v1), which 
is thermodynamically stable, and the unstable Se(1v) both exhibit 
nutrient-type distributions, but the distribution of Te, like 7'°Po®, 
shows evidence of strong scavenging by marine particulates, con- 
sistent with the chemical speciation of Te(vi) as a hydrosilate 
(Te(OH),), similar to Po(tv)(OH),), rather than as an oxyanion, 
like Se(v1)O2-. 

Water samples were obtained either by Niskin bottles with 
Teflon-coated internal springs hung on steel wire (Panama 
Basin) or by rosette-mounted Niskin bottles (Long Lines 23.and 
TTO 241). The samples were acidified to pH < 2 by adding 4 ml 
of 6N HC! per litre of seawater and then stored in acid- 
precleaned polyethylene bottles, under which conditions no 
changes in concentration and speciation were observed over one 
year. 

The analyses were made by graphite-furnace atomic absorp. 
tion spectrometry coupled with H,Te generation. Te(rv) was 
reacted with NaBH, to form H,Te, which was subsequently 
stripped out of solution with Ar gas, trapped in situ in the 
graphite furnace of an atomic absorption spectrometer and then 
atomized (a method similar to one used previously for bismuth’) 
As the concentrations of Te species in ocean water are extremely 
low, alkaline coprecipitation was used before the HiTe ge 
ation. For Te(v1) and total Te measurements, Te(v1) had | 
reduced first to Te(1v) by boiling in hydrochloric acid, as only 
Te(1v) reacts with NaBHy,. Details of the method will be given 
elsewhere. 

The total concentration of Te and those of its individual 
oxidation states have been measured at two stations, Long Lines 
23 (LL23) in the Angola Basin of the eastern South Atlantic 
and Endeavor 108 in the Panama Basin: in addition, total Te 
has been measured at TTO 241 in the western North Atlantic. 

At LL 23 total Te decreases smoothly from a surface maximum 
of 1.30 pM to ~0.6 pM at 2,500 m (Fig. la), but below this the 
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< Fig. 1 a, Profiles of Te(1v)(©), Te(v1)(+) and total Te(O) and 

b, associated hydrographic data from Long Lines 23 (14°59'S, 
01°00’ E) in the Angola Basin of the eastern South Atlantic. The 
analytical precisions for Te(1v), Te(v1) and total Te were 5.6, 8.7 
and 4.8%, respectively; the limit of detection was 0.02 pM for all 

-species based on a 1- sample volume. Standard addition experi- 
: ments showed. quantitative recoveries for Te(1v) and Te(v1). 










are constant. Here Te(v1) has a mixed layer concentration 
86 pM and shows a slight maximum in the shallow oxygen 
nimum, which is probably of advective origin from the region 
intense upwelling off Namibia. Below 400 m Te(v1) parallels 
Closely the total Te distribution dropping to Deep and Bottom 
Water values of 0.43 pM. The thermodynamically stable reduced 
form, Te(1v), has a surface concentration of 0.36 pM, the levels 
dropping slightly into the oxygen minimum (0.12 pM) and rising 
. this, being uniform (0.2 pM) between 1,500 and 3,500 m. 
€ is some indication of a drop in the concentrations in the 
ctic Bottom Water that fills the deeper part of the Basin 
ncentrations in the lower part of the water column scatter 
ut a value of ~0.15 pM. LL 23 was originally chosen as a 
site for analysis because the chemical signatures of the various 
water masses of Antarctic and North Atlantic origin are strongly 
expressed there (Fig. 1b). However, except in the shallow oxygen 
minimum, these signatures are not evident in the distribution 
of Te and its oxidation states. Yet the extrema in Te(v1) and 
Te(iv) are in the opposite sense from what would be expected 
on purely. thermodynamic grounds. The profile is dominated 
overall by the input of Te, predominantly as Te(vi), to the 
surface layer and its removal from the water column by scaveng- 
ing. These two processes must have time constants much shorter 
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Fig. 2 a, Profiles of Te(1v)(©), Te(vi)(+) and total Te({)) 

and b, hydrographic parameters from the Panama Basin. Note the 

very low surface salinity and the very intense oxygen minimum. 
(07°00 N, 78°40’ W). 


than those of the regional physical-circulation, otherwise con- 
centration anomalies of purely advective origin (as for the major: 
nutrients; Fig. 1b) would be observed. The fact that the Te(v1) 
profile drops smoothly across the core of the Antarctic Inter- 
mediate Water indicates that the particle interactions are to 
some degree reversible, as is the case for Po. 
The Panama Basin is an area of very high biological produc- 
tivity as evidenced by the extreme oxygen depletion of the 
mid-thermocline waters. (Fig. 2b). The mixed layer has a very 
low salinity caused by the large local excess of precipitation 
and continental run-off over evaporation. Below 1,000m, the 
water column is occupied by the North Pacific Deep Water and 
the effective sill depth of the basin is ~2,500 m. In form the Te 
profiles reported here are very similar to those from the eastern 
South Atlantic (Fig. 2a); surface concentrations are slightly 
higher for both species (1.14 and 0.55 pM), perhaps indicating 
an input of Te with the fresh water. The intense oxygen minimum 
finds no obvious expression, however, unlike at LL23. Te(1v) » 
concentrations are constant at ~0.2 pM between 500 and 2,500 m 
and drop to 0.10 pM in the ponded bottom waters; Te(v1) levels 
drop smoothly from the surface to 0.35 pM at 2,000 m and are 
quite constant below this. Unlike most other measured chemical. 
species'”, these Deep Water concentrations are lower than those. 
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Fig.3. a, Total Te and c, hydrographic data at TTO 241 (36°17'N 

57°23" W) and b, profiles of Pb (©) and °H (+) in the western 

Sargasso Sea. The Pb profile is located at 34°15’ N, 66°17’ W. The 
3H profile is from TTO 6 at 34°39’ N, 67°21’ W. 


in the South Atlantic by ~40%, which is strong evidence for 
rapid removal of Te by scavenging from the water column. 
To confirm this interpretation, the total Te distribution has 
‚been determined at TTO 241 in the western North Atlantic 
_(Te(1v) and Te(v1) were not measured because of the limited 
sample volume; Fig. 3). The concentrations are substantially 
_ higher here at all depths than at LL 23, except in the uppermost 
thermocline. As TTO 241 is relatively close to the formation 
areas of the water masses that make up the North Atlantic Deep 
Water and as these are relatively ‘young’ there, the elevated 
levels of Te in the subthermocline waters are probably of advec- 
» tive origin. Assuming that the surface waters of the North 
+ Atlantic are enriched generally in Te then, as the source waters 
for the convectively produced North Atlantic Deep Water, they 
will carry this imprint into the deep interior. As the water masses 
propagate away from their formation areas, Te is removed 
_ progressively by scavenging processes leading to the decrease 
in its Deep Water concentration observed between TTO 241 and 
LL 23, similar to the behaviour shown by Al in this region and, 
to.a lesser extent, by Be’. The high concentrations in the lower 
«few hundred metres. are probably caused by the dissolution of 
particles from the weil developed nepheloid layer in the unfil- 
~ tered acidified water samples, an identical feature to that ob- 
served for Be in these samples’®. 
There are several similarities between the Te profile at 
"O 241 and those reported for Pb and °H at adjacent stations 


e Sargasso Si , 11 and W: Jenkins, personal co: 

cation) (Fig. 3). The concentration of Pb in the surface waters 
shows seasonal variations in this region (E. A. Boyle, personal . 
communication). In the summer months the aeolian input 
accumulates to elevated concentrations in the shallow mixed 
layer over the seasonal thermocline, but mixing by winter storms 
obliterates this feature, dissipating the enrichment into the 
waters above the main thermocline. A similar effect can be seen 
for Te (whose concentration at 150 m (1.20 pM) is substantially 
lower than at the surface (1.60 pM). Pb, *H and Te all show 
sub-surface maxima in the depth range 400-600 m, caused in 
the case of °H, by the combination of the decrease in the input: 
flux with time (that is, the older waters have higher levels) and. 
advective processes. For Pb and Te, it may be caused by advec-. 
tion from northern areas with higher input fluxes or by shallow 
regeneration of material scavenged in the surface layers. The 
extrema for Pb and Te are not coincident, which does not appear 
to be an artefact of the sampling density or of the lateral 
separation of the stations. The Pb maximum lies in the 18°C 
water; that for Te at ~14°C, immediately above the sharp 
maximum in the nutrients, an advective feature associated with 
the distal end of the northward propagating Antarctic Intermedi- 
ate Water. Although shallow regeneration of 7!°Pb is observed 
in the oceanic water column®, the Pb maximum could be an. 
advective feature as the 18 °C water is produced in winter off 
the north-east coast of the United States close to the dominant. 
source of anthropogenic Pb. Either the Te source function is 
somewhat different from that for Pb, leading to greater relative 
enrichments in more northern latitudes and hence a deeper 
advective maximum, or this feature is indeed caused by shallow 
regeneration processes. More data will be required to distinguish 
between these possibilities. 

Throughout the western North Atlantic the °H profiles show 
a sharp minimum at about 900m, the core of the Antarctic 
Intermediate Water, and a secondary maximum beneath it. This 
feature lies above the Mediterranean and Labrador Sea Waters 
and appears to be derived from the northern gyre. Although the | 
existing sampling density for Pb and Te does not resolve the 
Antarctic Intermediate Water core (Fig. 3), both elements show 
a break in their vertical gradients in the °H maximum, probably 
indicating the presence of an advective component. Below’ 
1,500 m the profiles of all three species decrease steadily to 
uniform values below 2,500m. Based on numerous profiles 
collected world-wide, the residence time of 7'°Pb can be esti- 
mated as <1 yrin the mixed layer and ~50 yr in the deep waters®, 
As the vertical gradient in the ‘age’ of the various water masses 
is greater than this, advective features can only be maintained 
against removal of the element in the more rapidly circulating 
upper waters. In the interior, scavenging is completely dominant. 

The sources of the Te flux to the ocean surface, aeolian and/or 
fluvial, are not yet known and given the complete lack of 
information on the environmental chemistry of Te it is not 
possible to estimate what proportion, if any, of the flux is 
anthropogenic. a 

Te and Se both occur throughout the oceans in two oxidatior 
states; the major component of each is the oxidized form, but 
whereas for Se this is the thermodynamically stable species, the. 
reverse is true for Te. The vertical distributions of the two 
elements are very different in shape, with Se displaying a 
nutrient-type distribution resulting from biological uptake at the 
surface and regeneration at depth, and Te showing: surface 
enrichment and deep depletion resulting from input at the 
surface and scavenging at depth. The deep water distribution 
of Te is controlled primarily by scavenging, as opposed to water. 
mass advection, owing to a residence time much shorter than 
the ocean turnover time, whereas that of Se reflects the advective. 
processes. The high geochemical reactivity of Te resembles more. 
closely 7!°Po than Se; the reported residence time of 7!°Po, the 
heavier homologue of Te, is 0.6 yr at the mixed layer”. Although 
Se(v1) and Te(vi) have the same oxidation state, they have 
different chemical structures; selenate, like sulphate, has tetrahe-. 
dral coordination, SeO}, whereas tellurate is octahedral, 




































































(OH)... Thus, from the structural point of view, tellurate 
“should behave like Sn or Po, which exist in sea water as Sn(OH), 
< and Po(OH), (ref. 12) and are geochemically very reactive, 
_ father than like Se. 
As the penetration of the anthropogenic transient tracers CH, 
: HC; freons, etc.) into the interior of the North Atlantic continues 
_to be monitored, this ocean basin wil be developed into a 
_ time-calibrated laboratory for the study of the behaviour of 
_ elements with short oceanic residence times. It should be poss- 
_ ible to quantify the mechanisms by which reactive elements, 
 such’as Al, Be, Bi and Te, are removed. As these elements are 
nalogues of the reactive pollutants being introduced to the 
ocean, quantitative understanding of their behaviour will be 
_ useful for predicting the effects of the pollution. 
We thank Drs P. G. Brewer, J. L. Reid and E. A. Boyle for 
_ making available to us the profiles from TTO, Long Lines and 
< Endeavor; B. Grant and G. Shen for taking samples, Chris 
Measures for stimulating discussion and Bill Jenkins (WHO!) 
for his unpublished °H data for TTO 6. This work was supported 
by the NSF and the US Office of Naval Research. 
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The Gulf of Carpentaria is a shallow epicontinental sea between 
_ Australia and Papua New Guinea (Fig. 1); it has a maximum 
depth of —69m and is connected to the Arafura Sea across a 
_ —$3-m sill'; in the east, the connection to the Coral Sea through 
: Torres Straits is —12 m (ref. 1). We propose here that low sea 
levels during the Pleistocene” (Fig. 2) resulted in subaerial 
“exposure of the Gulf of Carpentaria, thereby reducing the regional 
„input of moisture and latent heat to the atmosphere and tropical 
_eyclogenesis. As a result, the climate of the Carpentaria Basin 
‘may have been significantly drier than at present**. Even so, 
‘previous workers®’ have reported the presence of lacustrine sedi- 
ments in the Gulf that could have been deposited when the sea 
level dropped below the —53-m contour’. During 1982, the extent 
of Lake Carpentaria was defined by high-resolution seismic profiles 
and cores. The size and development of Lake Carpentaria and its 
_ dependence on the hydrological balance are discussed below. 
_- We conducted two cruises in the Gulf of Carpentaria during 
“1982:to investigate the former presence of Lake Carpentaria, 
determine its salinity and size, and to establish its correlation 
with the glacial sea-level. record. More than 1,600km of high- 
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Fig. 1 The Gulf of Carpentaria region showing the maximum 
extent (~53-m shoreline) of Lake Carpentaria during the last 
glacial maximum and the extent of the Lake Carpentaria drainage 
basin. Full bathymetry is given elsewhere'. Core locations for GC2, 
GC10A and GC33 are shown. The Atherton Tableland data!’ are 
from point ‘A’. Overlain on the geographical map are the contours 
of present average annual runoff as deduced from the literature!*'3, 
Land-based runoff data have been interpolated across the Gulf. 
At present, half of the runoff comes from the area between the 500 
and the 1,000-mm isoline. Straightening the 500-mm isoline 
causes a 10% decrease in the integrated runoff. 


resolution seismic profile was obtained, including five east-west 

seismic profiles in the region 12°-14°S and 139°-141° E, a com- 

plete east-west transect of the Gulf at ~13°S and a complete 
north-south transect of the Arafura Sill’. These profiles show 
the common presence of a (nominally) —63-m and a ~—53-m 
shoreline morphological feature under <1 m of marine sedi- 
ment, confirming our preliminary work': (Hydroisostatic adjust- 
ment and bathymetric errors imply that all depths must be 
nominal.) Across the Arafura Sill, the youngest erosion surface 
occurs beneath <3 m of sediment, but earlier erosional surfaces 
are comparatively deeply incised. 

Of the 35 cores obtained with good seismic control, Fig. 3 
shows the lithology of three key cores. Locations are given in 
Fig. 1. Environmental interpretations are based on facies, 
lithology, faunal composition, carbon-14 dates from Unit IV 
and the sea-level curves of Fig. 2. 

Unit I is a grey-green soft shelly and sandy mud containing . 
marine molluscs, bryozoans, marine ostracods (Cyprideis, Poly- 
cope, Bairdia) and marine foraminifera (Pseudorotalia inflata, 
Heterolepa subhaidingeri, Neoeponides schreibersi, Ammonia bee- 
carii, A. convexa, Quinqueloculina philippinensis, Textularia 
agglutinans) and was deposited in the marine environment of 
the modern central gulf. 

Unit I is a dark grey firm mud containing ostracods (prin- 
cipally Ilyocypris and Cyprideis) and foraminifera indicative of 
brackish (A. beccarii, A. beccarii tepida, A. convexa) to saline 
water (A. beccarii, A. convexa, P. inflata, H. subhaidingeri, 
Eliphidium hispidulum). Recaicified ostracods indicative of sub- 
aerial exposure were identified in Unit I] of GC33 collected :at. 
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Fig. 2 The sea-level curves applicable to the Gulf of Carpentaria 

with the sill heights of Torres Strait and the ‘Arafura Sill’ indicated. 

The solid curve is from the Huon terraces” and the dotted curves 

are from the stable-isotope record of benthic foraminifera’. Note 

that hydroisostatic adjustment of the Carpentaria Basin will have 

a small effect on the sill heights as will errors in the bathymetric 
data’. 


a present water depth of —58 m. In cores GC2 and GCI0A from 
—67 m, no evidence was found of subaerial exposure of Unit 
II. Unit II appears to have been deposited in a lake whose 
surface level varied between the —58 and —67-m contours and 
whose salinity varied from brackish to saline. 

Unit III is a finely laminated sediment containing calcite 
crystals of the order of 20 umor less probably representing 
authigenic calcite precipitation. A. beccarii tepida are pre- 
dominant and environmental stress is indicated. Cyprideis show 
definite marks of bleaching, dissolution and iron sulphides 
implying anoxic deposition. Unit II is probably analogous to 
the ‘seekreide’ of the Black Sea® and the laminae of Green Lake? 
and Lake Zurich’®. 

Unit IV is a shell hash that has been radiocarbon dated at 
26.1 +0.6 kyr (95-106 cm) to 36.14+2.9 kyr (115-126 cm). It is 
. composed mainly of Americanna, Gyraulus and Corbiculina 

shells. and the foraminiferal assemblage comprises abundant A. 
beccarii and A. convexa and rare, possibly reworked P. inflata. 
Cyprideis is the predominant ostracod. The fauna indicate brack- 
ish water conditions. 

Unit V is a slightly mottled dark-grey fine-grained mud with 
marine to brackish water ostracods (principally Cyprideis with 
Cytherella, | Monoceratina, Uroleberis) and a marine 

_ foraminiferal assemblage (P. inflata, A. beccarii, A. convexa). 
This unit was probably deposited in a highly brackish environ- 
ment but has undergone subaerial weathering. Soil formation 
occurs within the unit. 

These results support the existence of Lake Carpentaria during 
the low sea level of the last glacial maximum and a hydrological 
balance for the lake can, therefore, provide a measure of tropical 
continental climates. 

The present climate of the Lake Carpentaria drainage basin 
(as defined in Fig. 1) is dominated by rainfall between December 
and March. Mean annual rainfall is highest in southern Papua 
New Guinea (2,500 mm yr~')'' where rainfall arrives on the 
north-west monsoon but decreases rapidly with increasing 
latitude to ~500mm yr! in the southwestern portion of the 
basin’? where rain is brought by the south-east trade winds. 
Sporadic tropical cyclones also cause considerable rainfall. 
Figure 1 shows the present average annual runoff yield’: in 
¿ithe Lake Carpentaria Basin and the runoff input (R) to the 
Lake Carpentaria drainage basin based on these conditions is 
2,3. 10'' m° yr~'. Evaporation (E) for the present Gulf of Car- 
pentaria is estimated as 1,653 mm yr“! (ref. 14). 

Asimple hydrological balance for a steady-state Lake Carpen- 
taria can be expressed as 


R-E(A,)=0 (1) 


where A, is the area of the lake at depth contour L, the correction 
for precipitation directly to the lake surface being small. For a 
lake surface at —53 m which overflows, the residence time (tf) 
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Fig. 3 Core logs, locations, and present water depths for cores 
used in this study. Radiocarbon dates on Unit IV of GCIOA range 
from 36.140+2.9kyr (ANU 3692, 115-126 cm) to 34.7+ 1.6kyr 
(ANU 3692, 106-115cm) to 26.100+0.56 kyr (ANU-3691, 95- 
106 cm). Although Unit HI occurs below Unit Il in these cores, 
other cores (GC1, GC3) show Unit IH in Unit 1, albeit very near 
the base of Unit H. Preliminary interpretation of this occurrence 
is a variation in the depth of the anoxic bottom water. See text for 
a full description of the units and their environments. 


of runoff in the overflowing lake is 
Vs3/(R - E(Ag3)) =t (2) 


where A,, and Vs, refer to the area and volume of a. Lake 
Carpentaria with a surface at the present ~53-m contour". Figure 
4 shows both the R versus E conditions for a Lake Carpentaria 
of various surface areas’ and the R versus E conditions for an. 
overflowing lake at the —53-m level labelled with respect to the 
residence time of freshwater in the lake according to equation: 
(2). 

The differing states of preservation of ostracods in GC2 and 
GC33 show that the lake which deposited Unit II varied 
depth and did not always extend to the present ~58-m cont 
The deposition of Unit II in Lake Carpentaria therefore occurred 
with an R/E value of <60% of present (Fig. 4) in general 
agreement with other estimates**’*"'’, but Lake Carpentaria 
was brackish, which required the salt of trapped seawater to be 
removed. (35% seawater, trapped as sea level fell below —53 m, 
would precipitate halite on evaporation to 6l m (ref. 1).): 

If one accepts the 5'°O sea-level curve? (Fig. 2), then the 
Arafura Sill was above sea level and the Carpentaria Basin was 
isolated from ~75 to ~10 kyr BP. The Fly River of Papua New 
Guinea flowed formerly into the Lake Carpentaria Basin’; this 
flow could have cut the deep buried channels seen in the seismic 
profiles across the Arafura Sill. The salt of trapped seawater 
could, therefore, have been removed by continuous flow to the 
sea. Subsequent diversion of the Fly River by the Oriomo uplift! 
(before 36 kyr) and infilling of the sill channels would then 
result in the presently observed morphology. 

If the sea-level record of Bloom et al? is accepted (Fig. 2), 
then increased runoff would be required to remove the salt from. 
the —50-m sea-level high at 30 kyr. If a residence time (mean 
flushing time) of 10 yr is accepted as reasonable, then. R/ E must 
have increased by 1.5 times its present value (Fig. 4) and the 
much diminished Gulf of Carpentaria (Aso) could have existed 
as an estuarine embayment laying down ‘lake-like’ sediments 
and accounting for the lack of an obvious marine sequence. The 
Atherton data of Kershaw’? indicate that south-east: trade 
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Fig. 4 A simple hydrological balance for a steady-state Lake 

< -Carpentaria based on equation (1) is shown with the solid lines. 
“Q, Present total runoff (R) from Fig. | and present evaporation 
CE)’, (10% error in R and E would be a good estimate.) Given 
present runoff and evaporation conditions, an exposed closed- 
basin Lake Carpentaria (by sea-level fall) could maintain a lake 
with a surface area between the present —55 and —54-m contours. 
Evaluation of GC33 indicates a late Quaternary Lake Carpentaria 
oscillating about the -58-m contour (A,x). Also shown are the 
residence times for freshwater in an estuarine embayment overflow- 
ing the ~53-m contour (dotted lines). Such an overflow may be 
necessary to flush the salt of seawater from the basin to prevent 
hypersaline conditions. At present evaporation rates and assuming 
| a 10-yr residence time of freshwater, a 50% increase in runoff may 
be appropriate to flush sea salt from the lake basin at times of 

falling sea level. 


‘Winds rainfall was much reduced at this time. Therefore, if 
increased R/E ratios correspond to the sea-level high at ~30 kyr 
(ref. 2), they are probably best explained by increased effective- 
“ness of the north-west monsoon. 

We therefore suggest the following scenario for the late 
Quaternary of the Gulf of Carpentaria: before 36 kyr BP, the 
Carpentaria Basin contained a marine to brackish water body 
(Unit V), followed by a period of minimum rainfall/runoff and 
‘subaerial exposure which allowed the formation of a soil in 
Unit V. From 36 to 26 kyr BP, a fresh to brackish water body is 
indicated by the fauna of Unit IV; for a short but undetermined 
period after 26 kyr BP, the basin contained a fresh to brackish 
water body subject to periodic authigenic calcite precipitation 
(Unit III). These ‘whitings’ were preserved as laminae by the 
‘anoxic sediments of a stratified and morphologically controlled 
‘water body. A seismic ‘shoreline’ at —63 m may be indicative 
of the extent of the anoxic bottom layer. From 26 to ~10 kyr 
BP, the basin contained a brackish to saline Lake Carpentaria 
with a variable water level with R/E probably about 60% of 
‘the present. After ~10 kyr BP, rising sea level crested the Arafura 
Sill and gradually restored the basin to fully marine conditions. 
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Sulphur-dependent archaebacteria, which are found around nearly 
boiling continental solfataric springs and mud holes, can be 
assigned to two distinct branches: the aerobic, sulphur-oxidizing 
Sulfolobales'~ and the strictly anaerobic sulphur-reducing Ther- 
moproteales*’. Here, we report the isolation of a group of 
extremely thermophilic solfataric archaebacteria that are able to. 
grow either strictly anaerobically by reduction, or fully aerobically 
by oxidation of molecular sulphur, depending on the oxygen supply. 
We have also established that the ability to grow in these two ways 
is shared by Sulfolobus brierleyi, a well-known less thermophilic 
sulphur-oxidizing archaebacterium capable of ore-leaching". The 
phenomenon may be dependent on a fundamental switch in genome 
expression. These organisms might represent the primitive fore- 
runners of sulphur-oxidizing archaebacteria, meeting their energy. 
requirements either by oxidation or by reduction of the same 
element. 

To look for previously unknown thermophiles, we collected 
aerobic and anaerobic® samples from mud holes with PH values 
between 1.5 and 4.5 and temperatures between 85 and 93 2G 
located in the Solfatara and Pisciarelli Solfatara craters, both 
in Pozzuoli, Italy, where Sulfolobus solfataricus was first iso- 
lated*?. The samples were brought to the laboratory without 
their temperature being controlled. Anaerobic mineral 
medium'®'', pH 3, was supplemented with sulphur (0.1%) and 
yeast extract (0.02% ) and was inoculated with the samples (5% 





Fig. 1 A phase-contrast micrograph of cells of Solfatara isolate 
So 4a, grown anaerobically (= So 4a/H,). Scale bar, 10 pm. 





















Fig. 2 Anaerobic {a} and aerobic (b) growth of isolate So Aa. 
Panel a shows: @, cell growth, as determined microscopically. 
using a Thoma counting chamber; A, H,S formation during growth 


) 





% 








ee < 
= T E E 
Š E E 68 as determined by titration after precipitation as cadmium sul 
a 7 at = phide'®; A, HS in the uninoculated medium. Panel b shows: @ 
3 2 3 cell growth; W, H,SO, formation; V, H,SO, in the uninoculated. 
S wo g medium. PoE 
10" 6* 0 r Methods. a, Celis were grown anaerobically'® in 20-ml cultures in 












100-ml stoppered serum bottles in the mineral medium of Allen! 
with the addition of 0.2 g17' yeast extract (not essential, but stimu- 
latory (H,SO,) to growth) and 1 gt”! elemental sulphur. The pH 
was adjusted to 2.5 and remained constant during growth. The 
culture was shaken (150 r.p.m.).at 82°C with H,/CO, (80:20; 3°" 
bar) as gas phase. Reduction of the medium was effected with- 
Na,S'°. b, Aerobically grown cells in the same medium as a, but 
not reduced by sulphide. The culture was shaken at 150 r.p.m. at 
82°C in tall cylindrical glass vessels in the presence of air. The 
pH, initially adjusted (H,SO,) to 3.5, dropped during incubation 
due to H,SO, formation. H,SO, was determined by titration. with: 
0.1 M NaOH (phenoilphthalein as indicator). For a positive iden- 
tification, H,SO, was precipitated before and after the experiment 
as barium sulphate and determined gravimetrically. 
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inoculation). After incubation for 3 days at 85 °C in an H,/CO, tion as carried out by Sulfolobus’. In contrast to known Sul 
atmosphere (80: 20 v/v, 3 bar pressure) and with strict exclusion folobus species*, the novel isolates do not grow on organic 
of O,, irregular spherical organisms (Fig. 1) grew to a density material in the absence of sulphur. One isolate (So 4c/k), 
of about 10’ mi~'. No growth occurred in the presence of H, however, formed only low amounts of sulphuric acid aerobically 
and S.at.a redox potential around 0 mV, as determined by the but could not be transferred successfully under aerobic condi- 
indicator resazurin. After a few transfers in the same medium, tions. Further, we recently isolated similar-looking organisms, 
the final cell yield was improved to about 3 x 10° ml’, possibly which grew anaerobically by hydrogen-sulphur autotrophy, 
due to. adaptation to the medium. Growth was strictly hydrogén- from the acidic springs of Furnas Caldeiras and Ribieira Grande 
and sulphur-dependent, similar to Pyrodictium® and Thermo- on the Azores. These organisms, however, were unable to grow 
proteus neutrophilus’. Yeast extract was not essential, but aerobically or to form sulphuric acid. 
increased the cell yield. During growth (Fig. 2a), large amounts To establish whether the cultures were pure, the aerobically 
of H,S were formed (up to 15 pmol ml”'), indicating that the grown isolates from Italy were serially diluted four times and 
cells were thriving due to their hydrogen/sulphur autotrophy’. incubated in the presence of oxygen. All subcultures obtained 
The cultures. were purified by four successive serial dilutions. after this procedure were still able to grow aerobically and 
Growth occurred within a temperature range between 65 and anaerobically on sulphur. Moreover, parallel serial dilutions 
95 °C with an optimum around 90 °C and in a pH range of | to and subsequent incubations of the same anaerobic culture, pef- 
5 with an optimum ~2. Surprisingly, four of the new isolates formed under aerobic and anaerobic conditions, gave rise to 
(So 4a, PS 2c, PS 7c, PS 11c) were able to grow in the absence the same cell titre of about 10° mi~’, indicating that. practically 
of hydrogen, but when shaken in the presence of air in open all the cells in the original culture must have been able to grow 
culture vessels. Under these aerobic conditions, the pH of the under both sets of conditions. However, anaerobically and aero- 
culture was greatly lowered during growth due to the formation bically grown cells of So 4a, which was the first isolate to be 
of sulphuric acid (Fig. 2b). Therefore, the new isolates, growing obtained in a pure state, showed significant differences: the 
aérobically, showed the same type of autotrophic sulphur oxida- diameter of the aerobes was about 1.5 times greater than of the 
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Table 1 DNA homology between the new isolates and Sulfolobus brierleyi and Sulfolobus acidocaldarius 





Filter-bound DNA from: 















i So 4a/O, So 4a/H, So 4c/k S. brierleyi S. acidocaldarius 
*Pjabelled DNA from: 
So 4a/O, (100) 94 84 9 12 
So 4a/H, 100 (100) 89 13 14 
So 4c/k 81 88 (100) 7 7 
S. brierleyi 24 9 ND (100) 9 
S. acidocaldarius 23 9 ND 13 (100) 
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DNA homologies among the Solfatara (So 4) isolates, Sulfolobus brierleyi (DSM 1651), and Sulfolobus acidocaldarius (DSM 639) were assessed 
in DNA/DNA hybridization experiments. So 4c/k and So 4a/H, were anaerobically grown isolates, So 4a/O, was the aerobically grown. line of 
isolate So 4a/H,. Filters (6 mm diameter), each containing about 10 pg single-stranded DNA'®, were prepared after alkaline denaturation of the 
“‘DNA'®9,22p.labelled DNA was prepared in vitro by nick translation”! with >*P-deoxyadenosine triphosphate and a réagent kit (8160 SB, Bethesda) 
after shearing by sonication (32s; 30 W; Branson). Radioactivity was determined in a scintillation spectrophotometer (Betascint BF 5000, 
Berthold). The specific activities obtained for the different DNAs were (c.p.m. per pg X 107*): So 4e/k, 111; So 4a/O,, 92; So 4a/ Ha, 158; Sulfolobus 
-< brierleyi, 179; Sulfolobus acidocaldarius, 207. For hybridization, 0.27 ug of heat-denatured, radioactively labelled DNA was incubated with the 
.  DNA-containing filters in a 3x SSC buffer for 24h at 65°C. The amount of c.p.m. bound in the homologous filters was set as 100% homology (for 

example, 6,000 c.p.m. for So 4a/O-) and compared with the activity of the heterologous filters. ND, Not determined. me 














Fig. 3 Protein patterns of crude extracts, obtained after electro- 
phoresis in a SDS-polyacrylamide gel. Supernatants of the centri- 
© fuged (1h; 150,000 g) crude extracts were applied onto a poly- 
< acrylamide gel (7.5% w/v)”. After electrophoresis, protein was 
-stained with Coomassie blue. a, M, standards: B-galactosidase 
(135,000); phosphorylase a (92,500); bovine serum albumin 
(68,000); ovalbumin (45,000). b, S. acidocaldarius (30 yg of pro- 
tein). c, Isolate So 4c/k (which grows only anaerobically; 18 yg of 
protein). d, Isolate So 4a/O, (aerobically grown; 12 wg of protein). 

e; Isolate So 4a/H, (anaerobically grown; 12 yg of protein). 





anaerobes; packed cells of the aerobes had an ochre colour, 
whilst the anaerobes were greenish-black; and the protein pat- 
terns of crude extracts of cells grown aerobically and anaerobi- 

cally differed significantly (Fig. 3d, e). 

. To determine whether the cells grown aerobically and 
anaerobically were genetically identical, we prepared DNA” 
from both types of cells, which had been cultured in bulk in a 
100-litre, enamel-protected fermenter (HTE, Bioengineering, 
Wald, Switzerland). DNA preparations from both had the iden- 
tical G+C-content of 31 mol%, as determined by the Ty 
method”. Further, the two DNAs, when mixed, yielded a single 
sharp melting curve (data not shown). DNA hybridization of 
the two types of So 4a (Table 1) confirmed their genetic identity, 
as DNA from aerobically grown cells (So 4a/O,) showed 100% 
homology with that from the anaerobically grown cells 
(So 4a/H,). In the reciprocal hybridization experiment, 94% 
homology was shown, and this, in the range of accuracy of this 
method, also indicates the identity of both genomes'*. Another 
isolate, So 4c/k, which was unable to grow aerobically, showed 
a high degree of DNA homology with both aerobically and 
anaerobically grown cells of So 4a (Table 1), indicating member- 
ship of the same species'*. 
< A protein with an apparent relative molecular mass (M,) of 
82,000 was among the soluble proteins obtained after centrifuga- 
tion of crude extracts of both aerobically and anaerobically 
grown forms of So 4a. This protein could be ADP-ribosylated 
by diphtheria toxin, suggesting that So 4a is an archaebacterium 
and the modified protein elongation factor 2, this reaction being 
characteristic of archaebacteria'*. In the present case, the reac- 
tion was influenced by the culture conditions: supernatant pro- 
tein from anaerobically grown cells was ADP-ribosylated at a 
threefold higher rate than was an equal amount of protein from 
célls grown in the presence of oxygen. 

The new isolates appeared to be related to the sulphur- 
dependent archaebacteria by virtue of their extremely high 
temperature optimum, their metabolism and their shape. Screen- 
ing of members of this group revealed that Sulfolobus brierleyi 
like our new isolates, can also grow by anaerobic hydrogen- 
sulphur autotrophy, a mechanism hitherto unknown in this 
organism. Although the G+C content of its DNA is identical 
to that of our isolates’, S. brierleyi has a temperature optimum 
20 °C lower than that of the new isolates. DNA/DNA hybridiza- 
tion with isolate So 4a revealed a degree of homology (Table 
1) well below the limits of significance", indicating that the two 
organisms belong to different taxa above the species level, that 
is, distinct genera or families. In contrast to S. brierleyi, S. 








acciao ; De tO Brow a 
cally. Moreover, S. brierleyi differed from the other two 
in its G+C-content and, in a DNA-DNA hybridization p 
formed with one of them (S. acidocaldarius; Table 1); 1 
homology was found. Anaerobic sulphur-reducing archaebac 
teria, including Thermoproteus tenax, T. neutrophilus, Desu 
furococcus saccharovorans, Thermofilum sp. V 24N, Pyrodictiu 
occultum and Thermodiscus maritimus, were not able to groy 
aerobically by sulphur-oxidation. Furthermore, these organisms. 
have a G+C content some 20 to 30% higher than S. brierleyi 
and the new isolates (refs 5, 6 and K.O.S. and F. Fischer; 
unpublished data). ; 

This is the first evidence that a highly anaerobic organism: 
that requires the same low redox potentials as methanogens, 
can also grow fully aerobically after changing its metabolism 
into another type of chemolithotrophy, exploiting an energy 
yielding pathway with an entirely different direction. Many. 
proteins seem to be involved in this metabolic switch: The 
inability of the new isolates to grow using hydrogen at redox 
potentials of around 0 mV may reflect an extreme oxygen sensi- 
tivity of the anaerobic ‘set’ of enzymes. The occurrence of this 
switch in metabolism will allow the study of induction 
phenomena in thermophilic archaebacteria. 

Since submitting this manuscript, we have learned that W; 
Zillig is working independently on a Sulfolobus-like. isolat 
which is also able to grow anaerobically on H, and S$. | 

We thank Peter Orlean for critically reading the manuscript. 
This work was supported by a grant of the Deutsche Forschungs 
gemeinschaft (SFB 43) to K.O.S. 
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Three different species of the genus Sulfolobus', S. acidocaldarius, 
S. solfataricus ( = Caldariella) and S. brierleyi’, have been distin- 
guished* by the conditions required for optimal growth, by the- 
component patterns of their DNA-dependent RNA polymerases 
and by DNA sequence data. Many isolates of these species are ` 
able to grow chemolithoautotrophically using CO, as the sole ; 





idation of S(O) with O; yielding sulphuric 

























acid, as the energy. source, though a few others grow only 
=- heterotrophically. We show here that a strain of a novel Sulfolobus 
species, S. ambivalens, is alternatively able to live by an anaerobic 
mode of chemolithoautotrophy, also using CO, as the sole carbon 
source, but using reduction of S(0) with H,, yielding H,S as the 
energy source. This mode of growth is correlated with the amplifica- 
tion of a plasmid, pSL10. 
¿S The obligatorily autotrophic isolate LIO of S. ambivalens, 
found in a solfataric waterhole at the Leirhnukur fissure, Iceland, 
(94 °C, pH 2.3) first appeared, besides Thermoproteus, in enrich- 
ment cultures in which elemental sulphur and hydrogen were 
offered as the energy source and CO; as the sole carbon source. 
The strain was cloned by serial dilution and from colonies grown 
on 12% starch plates in a soft layer containing 2% colloidal 
sulphur in 9% starch in Allen’s medium’ with 80% H, and 20% 
CO, in the gas phase. 

The strain grows in Allen’s medium’, on S(0), with air to 
which 5% CO, was added as sole carbon source, producing 
H,SO,, with a generation time as low as 4h at pH 2.5. Alterna- 
tively, it multiplies in the absence of oxygen on S(0), but with 
H, and CO,, producing H-S with a generation time of ~8 h at 
pH 3.5, and, in the presence of 0.005% yeast extract, of 4h. 

Neither the presence of oxygen at the outset, nor subsequent 
aeration of the culture, influence reductive growth. But, in 
reverse, oxidative growth of a culture, previously kept reduc- 
tively, starts only after a phase lag of several hours. 

Several other isolates from Icelandic solfataras are also able 
to grow via sulphur reduction. Segerer, Stetter and Klink have 
independently made similar observations with type strain 
DSM 1651 of S. brierleyi and with different isolates of undeter- 
mined phylogenetic status“. 

L10 cells grown with H, yield the same DNA Bam Hl-restric- 
tion fragment pattern as L10 cells grown with O2, except that 
two fragments appear strongly amplified (Fig. 1, lane 4). The 
DNA-dependent RNA polymerases, isolated as described pre- 
viously*’, yield identical component patterns (Fig. 2a, lanes 5 
and 6). Corresponding side fractions from the polymerase pre- 
parations, containing many proteins, yield largely identical SDS- 
polyacrylamide gel electrophoresis (PAGE) patterns (Fig. 2b, 
lanes 7-9). However, several strong bands in the pattern from 
H,-grown cells are absent or weak in the pattern of O,-grown 
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Fig. 1 Agarose gel electrophoresis of restricted and unrestricted 
DNAs. Lanes l-4, BamHl-digested DNA of: 1, B6/2; 2, S. brier- 
leyi; 3, S. ambivalens grown with O,; 4, S. ambivalens grown with 
H. Lanes 5-10, purified plasmid DNA from S. ambivalens grown 
with H,, digested with: 5, BamHI; 6, EcoRI; 7, Aval; 8, Cial: 9, 
HindIII; 10, undigested. Lane 11, bacteriophage T5 DNA digested 
with HindIII as marker; 12, DNA of S. ambivalens grown with 
H,, undigested; 13, DNA of S. ambivalens grown with O:, 
undigested. 
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Fig. 2 SDS-PAGE. a, DNA-dependent RNA polymerases of: I 
and 11, S. solfataricus, strain B12; 2 and 10, S. acidocaldarius, DSM 
639; 3, strain B6/2 from Beppu, Japan, contaminated; 4, S. brierleyi, 
DSM 1651; 5, S. ambivalens, strain L10, grown on O,+S(0); 6, 
same, grown on H, + S(0). Polymerases in lanes 3-6 are from mini 
preparations. Smaller components are thus invisible. b, The super- 
natant of the polymin P precipitation of the RNA polymerase 
purification of: 7, S. ambivalens, strain L10, grown on O,+58(0); 
8, mixture of 7 and 9; 9, strain L10, grown on H, + S0). 


cells and vice versa, which would be expected if the two modes 
of growth result from adaptation of the same organism to the 
growth requirements, by a switching up and down of the 
expression of relevant genes. 

The protein and DNA fragment patterns of other Sulfolobus 
strains are quite different from the L10 patterns (Figs 1 and 2). 
All these strains yield DNA-dependent RNA polymerases with 
clearly different, though similar, component patterns (Fig. 2), 
which cross-react with each other and with the enzymes from 
S. acidocaldarius and S. solfataricus in the immunodiffusion 
assay of Ouchterlony? that employs an antibody against the 
polymerase from S. acidocaldarius (Fig. 3). This is characteristic 
of members of the same family. Thus, the strains must be 
considered as representatives of different species, possibly differ- 
ent genera, of the Sulfolobus family (Sulfolobaceae). (A formal 
description of the novel species will be given elsewhere.) Because 
of the extent of the differences, a re-evaluation of the phylogeny 
of the order Sulfolobales, introducing several genera, may be 
eventually required. 

Autotrophic growth by sulphur reduction, in continental sol- 
fataris biotopes, so far only known for Thermoproteus sp.”; is 
thus also found in Sulfolobales. Sulfolobales and Ther- 
moproteales are phylogenetically related and appear as the 





Fig. 3 In-gel immunodiffusion test according to Ouchterlony? 

with purified y-globulin directed against DNA-dependent RNA 

polymerase of S. acidocaldarius in centre hole, and the DNA- 

dependent RNA polymerases of: 1, S. acidocaldarius, DSM 639; 

2, S. solfataricus, DSM 1616: 3, S. ambivalens, strain LIO; 4, 

abligatorily autotrophic S. sp. strain, B6/2 from Beppu, Japan: $, 
S. brierleyi, DSM 1651, in surrounding holes. 





































rong branch of the ‘deeply divided third urkingdom, 
s that comprising the methanogens and extreme 
halophiles'®. The Sulfolobales may well have originated from 
_ ancestors resembling the sulphur reducing Thermoproteales in 
the energy conservation made, and may have acquired the ability 
to live by sulphur oxidation later, after oxygen became available 
in the biosphere. 
The amplification of two BamHI restriction fragments in the 
pattern of the DNA from H,-grown L10 cells (Fig. 1, lanes 1-4; 
Fig. 2a, lanes 1-6) suggests that a plasmid is involved. In fact, 
a second and minor band migrating in front of the diffuse major 
band of the sheared chromosomal DNA appears more than 
5-fold stronger in the pattern of uncut DNA from H,- than that 
from O,-grown cells. The plasmid was purified by a procedure 
modified from Birnboim and Doly'' involving alkaline denatur- 
ation of the chromosomal DNA. As shown by electron micro- 
scopy, the product consists mainly of closed circular DNA (not 
shown). It consists of a major component yielding the two 
BamHI restriction fragments amplified in cells grown on H, 
“and S(0), and a minor component that appears to be a second 
plasmid (Fig. 1, lane 5). The size of the major plasmid was 
estimated to be ~7,700 base pairs, that of the minor plasmid 
6,500 bp. 
Southern hybridization of nick-translated plasmid DNA from 
S. ambivalens to BamHI-digested DNAs from S. ambivalens, S. 
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Aglantha digitale is a jellyfish (order Hydromedusae) capable of 
two distinct kinds of locomotion; ‘slow’ swimming which is gener- 
-ated endogenously and is used in fishing behaviour, and ‘fast’ 
swimming which is evoked by predators and serves for escape. Both 
“forms of swimming are produced by contraction of the bell-shaped 
body wall and expulsion of a jet of water from an opening at the 
base of the animal. During slow swimming, the contractions are 
weak and the animal moves about 15 mm, roughly one body length, 
but during a fast swim there is a more violent contraction which 
can propel the animal five times as far”. Both forms of contraction 
depend on impulses in the eight giant motor axons that synapse 
directly with the muscle sheet making up the inner surface of the 
body wall>*. We report here that the giant motor axons are able 
to mediate both kinds of activity because they can conduct two 
different sorts of impulse. Fast swimming requires a rapidly con- 
ducted Na*-dependent action potential whereas slow swimming 
depends on a low amplitude Ca”* ‘spike’. This is the first report 
of an axon capable of two kinds of impulse propagation and it 
provides a physiological function for low potential Ca?* acti- 
vation’. 

Specimens of Aglantha (Fig. la) were taken from surface 
water at the dock of Friday Harbor Laboratories, Washington, 
¿United States and anaesthetized in a solution of 1:10 isotonic 

“MgCl, and seawater. The apex of the bell was removed and the 
“eylinder of tissue which resulted was slit along one side to 

















do not have the capacity to grow autotrophically vi 
reduction (data not shown). 

At least part of the difference in the protein patterns be 
H,- and O,-grown L10 cells (Fig. 2b, lanes 7 and 9) 
because of the higher copy number of the plasmid, whi 
harbour genes involved in sulphur reduction. The contr 
proteins that appear in O,- but not in H,-grown cells 
however, have another basis. Thus different contro] systems m 
be operating, supplementing the few models that allow ana 
of gene expression in this group of archaebacteria, It re 
to be shown whether plasmids are also related to growth 
sulphur reduction of other Sulfolobus isolates. : 

If the plasmid pSL10 suffices to encode the. capacity for growt 
with S(0), H, and CO), it should be an excellent candidate fo 
a Sulfolobus cloning vector. 
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tron microscopy and S. Wunderl for mass culturing of t 
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produce a flat sheet. This was turned muscle side up, pinne 
a transparent Sylgard platform with spines from: the ca 
Opuntia, washed with seawater and allowed to recover. N 
preparations began to give short bursts of swimming: acti 
after ~5 min. Figure Id (not to scale) shows the innervatio: 
the muscle sheet (myoepithelium) and the major recordin sit 
described in the present study. The myoepithelium is. divic 
into octants by the giant motor axons. In animals.15-20:m 
long, the octants are about 2mm wide; the motor axons a 
25-40 um in diameter and can be seen easily at x50 magnific 
tion by transmitted light. The micropipettes used forintracell 
recording had resistances of 70-100 MQ. All experiments we 
carried out at 10-13 °C. 

Pinned preparations perform spontaneous slow-swimmi 
sequences which resemble the normal activity of the free-swi 
ming animal. A sequence generally consists of 5-10: contractio 
at ~0.5 Hz and sequences appear at intervals of 2-5 min. F 
swimming movements, which resemble normal escape 
behaviour, can be elicited by stimulating the body wall elec 
cally. They are strong, uniform contractions of the whole mus 
sheet, in contrast to the slow contractions which are not only 
weaker but vary in strength along each octant. There was ar 
increased tendency for fast swimming during one of the regula 
slow-swimming cycles in both pinned and free animals. 

Stimuli which initiate fast-swimming movements in a pinned 
preparation elicit a short burst of action potentials in the ‘ring 
giant’ axon (Fig. 1d) that runs around the margin at the b 
of the animal*. These impulses evoke postsynaptic depolarizi 
events in the giant motor axon which summate to give n 
overshooting action potential. The action potential isi Na” 
dependent (it is abolished in 10% Na* seawater“) and is co 
ted towards the apex of the bell at a velocity of 1-4m 
4 and see Fig. 1b). Events of much smaller amplitude dri 
swimming. In recordings from giant motor axons. ne 
origin at the margin, the slow-swim spike is visible on top 
single postsynaptic potential (Fig. Ic, trace A). This excitatory 
postsynaptic potential is assumed to represent input fi 





ro 

Specimen of Agla ig 
: in a relaxed state at the end of a ` 

slow-swimming cycle. The gonads, peduncle 
-and manubrium can be seen through the trans- 
parent bell-shaped body wall. Many fine tenta- 
cles extend from the margin at the base of the 
bell. The margin also contains the neurones 
responsible for generating slow swimming. The 
giant motor axons that are the subject of the 
present report run radially from the margin to a 
point just short of the gonads. They are ~40 pm 
in diameter in the specimens used here and lie 
within the sheet of myoepithelium lining the b 
inner surface of the bell. (From a photograph 100 
taken by Claudia Mills.) b, Intracellularly recor- 80 













Conduction velocity, 0.3ms7'. Axon resting 
potential, ~70 mV. d, Schematic representation 


muscle resting potential, -70 mV. 


presynaptic pacemaker neurones, as in other hydromedusae’. 
It is negligibly small at recording sites farther than about half- 
way along the axon (the space constant of a 40-um axon is 
~4mm), and so here the slow-swim spike is seen alone (Fig. 
lc, trace B), conducted at a velocity of ~0.25 ms7'. Its amplitude 
is 27 mV (s.e. 4mV; n= 20), compared with 95 mV (s.e. 8 mV; 
n= 23) for the fast-swim action potential; it rises more slowly 
and lasts about 10 times longer. These differences cannot be 
attributed to different resting membrane potentials because the 
resting potential of the axon is unchanged during the two forms 
of activity (Fig. 26). Average axon resting potentials were 
~63 mV (s.e. 6 mV; n = 17) for slow-swim spiking and —61 mV 
(s.e. 5mV; n = 10) for the fast-swim action potential. 

The giant motor axons innervate the muscle sheet both directly 
along their entire length and indirectly through a system of 
smaller ‘lateral’ motor neurones to which they are coupled?’’*. 
Synaptic transmission is chemical**. We find a significant differ- 
ence in the amplitude of the postsynaptic events recorded from 
the myoepithelium during fast (98 mV, s.e. 8 mV; n=20) or 
slow (56 mV, s.e. 6 mV; n = 25) swimming movements and this 
is matched by a difference in rise-time (Fig. le, f). The low 
‘amplitude and slow rise-time would account for the reduced 
force of contraction observed. during slow compared with fast 
swimming. In Fig. 1f the slow-swim spike was generated by 
injecting depolarizing current into the motor giant axon, but 
< comparable records were obtained during spontaneous activity. 

_ Stimulated spikes resembled (mean amplitude 27 mV, s.e. 2 mV: 
n= 13) endogenously generated spikes and produced similar 
postsynaptic responses in the muscle (mean amplitude 59 mV, 
se. 3mV; n=6). 
igure 2a shows a propagating slow-swim spike generated in 
the giant motor axon in response to a brief depolarizing current 
pulse injected at one of the two recording sites. A small increase 

in current (see top trace) was sufficient to initiate an overshooting 
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ded action potential from a giant motor axon mvf 60 

during an escape swim. The two recording sites 40 

(represented by A and B in d) were 2.5mm 20 B z a aoe Myoepithelium 
apart and the action potential was conducted (8) A -2 

away from the margin. Conduction velocity, Oo 1 3 Sas 

1.4ms7'. Axon resting potential, —58 mV. c, henner po ES Lateral motor 
Low-amplitude spike recorded intracellularly re —— 

from a motor giant axon during an 30 =< Synapse 
endogenously generated slow swim: the two mvP20 k AG tE 

recording sites were 6.9 mm apart. The synaptic 10 | A — 

event in the margin (see arrow in trace A) which o B i 

gives rise to the slow swim can be isolated by 9 20 40 60 80 100 ——Ring giant 
raising the Mg** level in the bathing medium. a axon 


Margin 


of the different recording sites (A, B and C) described in the text. Traces in the other parts of this figure are labelled A, B or C according.to 
the recording site. The lateral motor neurones shown are electrically coupled to the motor giant axons and serve to increase the spread of 
excitation across the myoepithelium®. e, Simultaneous intracellular recordings from giant motor axon (trace B) and the nearby myoepithelium 
{trace C) during an escape swim. The recording sites were 0.3 mm apart and the synaptic delay was 1.2 ms. The rising and falling phases of 
trace B and the rising phase of trace C have been retouched. Axon resting potential, ~52 mV; muscle resting potential, -67 mV. f. Simultaneous 
intracellular recordings from giant motor axon (trace B) and nearby myoepithelium (trace C) during a slow swim. Slow-swim spikes could 
be recorded from lengths of axon as short as 600 um. They were elicited by injecting depolarizing current pulses (top trace) into the giant 
motor axon via a bridge circuit and were associated with a typical slow swim response in the muscle (trace C). Axon resting potential, -50 mV: 
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Fig.2 A slow swim may be elicited by a brief depolarizing current 
pulse injected into the motor giant axon. a, Low-amplitude spike 
recorded from the motor giant axon in response to a brief depolariz- 
ing current pulse (top trace). The current was injected using a 
bridge circuit so that the membrane potential could be recorded 
at the site of current injection. The recording sites were 2 mm apart 
and the conduction velocity of the slow-swim spike was ~25% of 
that of the overshooting action potential associated with an escape 
swim. b, A small increase in the intensity of the injected current: - 
(see top trace) was sufficient to elicit an overshooting action poten- < 
tial in the same axon. The three superimposed slow-swim spikes 
were recorded in response to a low level of current injection, while. - 
an overshooting action potential appeared when the stimulus. 
intensity was increased. The rising and falling phases of the action 
potential have been retouched as before. Axon resting potential, 
-72 mV. 


action potential in the same axon (Fig. 2b). Lower-amplitude 
but more prolonged depolarizing current pulses also produced 
the two different forms of action potential even in. axons thal 
had been deliberately shortened. Some shortened axons witt 
particularly low resting potentials (—40 mV) failed to. produce 
a slow-swim spike unless they were hyperpolarized with a con- 
ditioning current pulse. We assume this to be because of some 
voltage-dependent inactivation process. Inactivation would also 



































ig. 3 Pharmacological differences between 
action potentials and slow-swim spikes recor- 
ded from the giant motor axon. The slow-swim na[ 





















, Spike elicited by a depolarizing current pulse By i ; A 
{gee top traces) in normal seawater (a) was 20 j = 
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0.11 mM nifedipine (e). (f) Shows that 0.18 fs a 0- 
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(see trace i) but not the overshooting action n a a 


~ -potential elicited by a slightly increased current 
» (trace ii). Nifedipine was dissolved in ethanol; 






explain why there was no.slow-swim spike immediately follow- 
ing the Na” action potential. In normal axons, a 15-mV stepwise 
depolarization (point current injection) generally exceeded the 
threshold for the slow-swim spike, but the threshold for the 
fast-swim action potential was significantly higher (about 
=30 mV). 

»Endogenously driven slow swimming is blocked by increasing 
‘the level of Mg** in the sea water from 50 to 70 mM. This level 
of Mg’* does not block synaptic transmission? and instead we 
find that it acts directly on the slow-swim spike (either spon- 
taneous or evoked) in the giant motor axon, Slow-swim spikes 
‘elicited by current injection were also blocked by 7 mM He 
(Fig..36) and this block was reversed by increasing the Ca?* 
‘the bathing medium to 28mM (Fig. 3c). Mn?" (like M 2+) is is 
own to block Ca?* currents in many different tissues’, and 
» we conclude that the slow-swim spike is a Ca?*-dependent 
event. This conclusion is supported by experiments with 
nifedipine, which blocks Ca?* channels in heart and smooth 
muscle’®; 0.11 mM nifedipine reduced the amplitude of the 
slow-swim spike (Fig. 3e), while 0.18mM produced a clear 
block (Fig. 3f, trace i). These levels of nifedipine had no effect 
on the fast overshooting Na*-dependent action potential elicited 
by. a somewhat larger current pulse in the same axon (Fig. 3f, 
trace. ii). 

The Na*-dependent action potential is like that found in other 
axons''; here, as elsewhere, it provides for the rapid transmission 
of information. The Ca**-dependent slow-swim spike also has 
a transmission function, but this is unusual because Ca?" activa- 
tion is generally associated with more complex data handling. 
‘One possible reason for this is that the relatively prolonged 
period of Ca** inactivation that follows an increase in Ca?* 
influx in many cells’? will limit the rate of firing of Ca’*- 
‘dependent spikes. In Aglantha, spontaneous slow-swim spiking 
can occur at rates of up to 5s”! and so the channels involved 
must. behave rather differently. Ca** channels that are activated 
at potentials near the resting potential and which recover rapidly 
from inactivation, have been found in several different 
cells*'>-'’, In vertebrate neurones, they seem to be responsible 
for the low- threshold Ca** spikes recorded from cell bodies in 
the inferior olive and the thalamus'*'*. These spikes resemble 
‘the slow-swim spikes we find in Aglantha, suggesting that low- 
potential Ca’* activation may provide a secondary system of 
spike propagation in vertebrates as well as in invertebrates. 

: We have shown that slow swimming in Aglantha is mediated 
by a Ca**-dependent spike, that the escape response depends 
on a full overshooting Na*-dependent action potential and that 
both regenerative events may be recorded from the same giant 
motor axon at the same resting potential. They can be evoked 
independently because the slow-swim spike does not exceed the 
threshold for the escape response (about —30 mV) and the Ca?* 
‘spike is inactivated. by depolarization. These two regenerative 
events have different time courses and evoke different responses 
in the myoepithelium. Consequently, they provide a means of 
















final levels of ethanol in the bathing solution were 9 uI mi”! seawater (e) and 15 pl mi”! seawater (f). Ethanol was tested on other axons at- 
these levels and found to be ineffective. Records a-c and d-f were from two different axons. Axon resting potential in a, -69 mV; d, -72mV. | 





generating both fast and slow contractions in the same muscle. 
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There is impressive evidence from geographical data’, studies in 


the field? and in vitro culture work*~* that genetically determined 

deficiency of glucose 6-phosphate dehydrogenase (G6PD) confers 

relative protection against the human malaria parasite, Plas- 
modium falciparum. G6PD is encoded by an X-chromosome-linked 
gene’, and protection phenomenon is manifested in heterozygous 
females who are genetic mosaics but, surprisingly, not in hemizy- . 
gous males with complete deficiency”. We have shown previously 
that the parasite, when passaged serially through G6PD-deficient — 


























































_ paradox, we now show that this adaptive process is associated with, 
and may consist in, the induction of synthesis of a novel G6PD 
coded by Plasmodium falciparum. 
When P. falciparum is grown in continuous culture, its 
schizogonic erythrocytic cycle mimics precisely its development 
in human blood™®. At each cycle, new red blood cells (RBC) 
‘are invaded, and these can be appropriately chosen in individual 
experiments. We have found that, in any particular cycle, the 
parasite is sensitive to the host cell type and has a memory of 
the host cell it has inhabitated in previous cycles (Fig. 1). Indeed, 
if aliquots of the same parasite population are made to invade 
G6PD-normal and G6PD-deficient cells, there is a marked 
impairment of growth and multiplication in the latter compared 
with the former (Fig. 1a). In four separate experiments, parasite 
multiplication expressed as a percentage of control was 4324 
in G6PD-deficient (A~) RBC, and 47+4 in G6PD-deficient 
- (Mediterranean) RBC. On the other hand, when similar experi- 
ments were carried out starting from parasites that had been 
_ previously grown through four successive cycles in G6PD- 
deficient cells, a very slight, not significant, difference was 
_observed (Fig. 1b). We refer to these parasites as being adapted 
to the G6PD-deficient host cell environment. In four separate 
experiments, multiplication of these adapted parasites, 
measured in a fifth cycle in G6PD-deficient (A7) RBC, was 
79+5% of the multiplication observed on transfer back to 
- G6PD-normal RBC. We have found that adaptation takes place 
in red cells with either the Mediterranean’ or the A7 G6PD 
: deficiency variant (Fig. 1). 
We have tested the hypothesis that adaptation could be related 
“to the level of G6PD in the parasitized red cells. P. falciparum 
«has been known to produce the related enzyme, 6-phospho- 
gluconate dehydrogenase'', but previous attempts to demon- 
strate G6PD of parasite origin have been unsuccessful'?, with 
one exception”. In fact, when parasites are grown in normal 
red cells, we can expect a priori that it will be difficult to 
demonstrate any increase in G6PD activity against the high 
background of host cell enzyme activity. However, in extracts 
from adapted cultures in which host cell background G6PD 
activity is extremely low, we find that G6PD activity is about 
. two to five times higher in parasitized cells than in non-parasit- 
ized cells (Table 1). To ensure that this increase in activity was 
not artefactual, we carried out several control experiments. First, 
because P, falciparum preferentially infects young RBC, we 
compared the activity of parasitized cells (Table 1d) with that 
of young, rather than total, RBC (Table Ic). Second, it was 
conceivable that the extra G6PD activity in parasitized RBC 
was produced by the parasite rescuing inactive G6PD molecules 
of host cell origin. This is unlikely, because immunochemical 
tests have previously failed to detect enzymatically inert G6PD 
in red cells with the Mediterranean type of G6PD deficiency'*. 
At any rate, we have ruled out this possibility by taking advan- 
tage of the availability of electrophoretically distinct G6PD- 
deficient variants. Extracts of parasitized G6PD A” RBC, after 
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Fig. 1 Adaptation of P. falciparum to host red cells of different: 
G6PD gre Parasites were cultured by the method of Trager and 
Jensen'’. To obtain a synchronous cycle, parasitized RBC were. 
treated with 0.274 M p-sorbitol'® and then recultured. When the ` 
majority of parasites had matured to schizonts, they were enriched. 
by Physiogel'®. The resulting synchronized schizonts were used to ` 
infect respective red cells at an initial parasitaemia of 2-3 schizonts 
per 1,000 RBC. a, The inoculum consisted of parasites cultured in; i 
normal RBC (G6PD B); b, the inoculum consisted of parasites 
that had been cultured for four cycles in G6PD-deficient (A7) 
RBC. @, Host cells containing normal G6PD; A, G6PD-deficient 
host cells. 


adaptation, exhibited two bands of electrophoretically different 
G6PD activity (Fig. 2, lane 3). By comparison with appropriate 
controls, we can attribute the faster band to residual host: cell 
enzyme, and we infer that the slower band is parasite specifi 
(Because the electrophoretic mobility of the parasite enzyme is 
almost identical with that of normal G6PD B, it is not resolved 
from the residual host cell enzyme of RBC with G6PD Mediter- 
ranean, which is also B-like; Fig. 2, lane 5.) Thus, we conclude 
that the extra G6PD activity measured in extracts of G6PD- 
deficient parasitized RBC (last column in Table 1) must result 
from net synthesis of G6PD by P. falciparum. 

We next tested whether the expression of parasite-specific 
G6PD is influenced by the host cell environment. Because, as 








Table 1 G6PD activity in red cells parasitized by P. falciparum in culture 










b 
G6PD type of host RBC n Fresh, total 
Normal, B 15 1.7920.35 
Deficient, A7 H 0.13 +0.04 
Deficient, Med 17 <0.05 


Sham-culture, young Parasitized (d-c) 
3.40+ 1.12 1.40+ 0.76 — 
0.097 + 0.039 0.23 +0.10 0.133 
0.042 + 0.012 0.19 +0.07 0.148 


Parasite-specific 


c d G6PD activity 


















-> Values are expressed in IU per 10'° RBC +s.d. G6PD activity was assayed according to WHO". In b, red cells were sedimented by centrifugation 
“through 86% Percoll (specific gravity 1.055 gml~') to effect complete removal of white cells 
= sonicated for 2 min. The lysate was centrifuged and G6PD activity assayed on the supernatant. In c, non-parasitized white-cell-free red. cells were 
- incubated in culture medium for the same period as the test culture. The sham-culture was then centrifuged through 90% Percoll (= 1.1098 g ml“). 
to enrich the young cells. The young cell population was then processed as for b. In d, after culture, enrichment for RBC containing mature parasites 
` {trophozoites and schizonts) was obtained by centrifugation through 80% Percoll { = 1.0970 g mi~). The resulting cell fractions consisted of 65-85% 
parasitized cells. These were then washed in phosphate-buffered saline and processed as in b. 







17. The cells were lysed with 20.M NADP and then 
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“Fig. 2 Demonstration of P. falciparum-specific G6PD. Cellogel 
electrophoresis”? was performed on lysates of uninfected and para- 
site-enriched erythrocytes. Lysates were prepared as explained in 
Table | and applied to the strips as follows. Lanes 1, 4, uninfected 
G6PD A and G6PD B red cells, respectively; lane 2, parasitized 
G6PD A erythrocytes; lane 3, parasitized G6PD A” erythrocytes; 
lane 5, parasitized G6PD Mediterranean erythrocytes. Elec- 
trophoresis of lysates obtained by hypotonic lysis of parasitized 
G6PD A” red cells, without subsequent disruption of parasites by 
sonication, showed only the A~ band of G6PD activity. The origin 

is near the bottom. 


stated above, the electrophoretic mobility of parasite-encoded 
_G6PD is very similar to that of normal human G6PD B, parasites 
grown in RBC containing this type of enzyme cannot be used 
_ for the test. Therefore, we have grown P. falciparum through 
four cycles in RBC containing an electrophoretically variant 
G6PD A, which has normal activity. Electrophoresis of extracts 
_ of these parasitized red cells failed to show any band other than 
| G6PD type A (Fig. 2, lane 2). Thus, there is no significant 
production of parasite-specific G6PD when the parasites are 
adapted to G6PD normal RBC. 

We conclude that P. falciparum can produce G6PD, implying 
_ that it has a gene specifying this enzyme. The expression of this 
gene, in our experiments, is detectable only when G6PD- 
deficient RBC are used as host cells, We believe this to be the 
first example of an adaptive phenomenon in an intracellular 
_ parasitic protozoon to a mutant host cell environment which 
can be interpreted in terms of regulation of a specific parasite 
gene. This behaviour of P. falciparum explains why hemizygous 
_G6PD-deficient males are not protected against the infection 
-and.also explains the protection of heterozygous females™'5, for 
in the latter subjects, P. falciparum merozoites emerging from 
normal RBC have, on the average, an even chance of infecting 
anormal or a G6PD-deficient cell. In the latter case, the chance 
to complete successfully the next schizogonic cycle is reduced 
by ~50% (see Table 1), thus justifying the reduced parasitaemia 
actually observed. This mechanism of host resistance is made 
possible by red cell mosaicism, thus illustrating a new biological 
implication of the unique phenomenon of X-chromosome inacti- 
vation. 
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Studies of the sequence-specific binding of proteins to DNA have — 
so far relied on in vitro experiments using cloned restriction 
fragments containing the relevent DNA sequences™®. We have | 
applied the genomic sequencing technique of Church and Gilbert’ 
to show that the interactions observed in vitro occur in vivo. We 
use this approach to study the binding of regulatory proteins to 
the lac operon in vivo and detect changes in the reactivity (inhibi- 
tion or enhancement) of guanines to methylation by dimethyl sul- 
phate caused by the proximity of proteins to the N-7 atom of these 
guanines'*. We can detect the simultaneous binding of the 
catobolite gene activator protein (CAP) and the Lac repressor to 
their specific recognition sequences, and following induction of the 
lac operon we observe effects that are related to RNA polymerase 
binding or RNA elongation. We have successfully used oligonu- 
cleotide probes as short as 17 bases to display genomic sequence. 

The expression of the lac operon of Escherichia coli is regu- 
lated by two allosteric proteins: the Lac repressor, which binds 
to the operator and blocks RNA polymerase entry to the pro- 
moter, except in the presence of lactose analogues which bind 
to the repressor, reduce its affinity for the operator and allow 
the initiation of transcription*'?; and CAP, which, when com- 
plexed with cyclic AMP, binds to the promoter and stimulates | 
transcription (intracellular cyclic AMP levels are reduced in the 
presence of glucose, which accounts for the phenomenon of- 
catabolite repression by reducing CAP binding)'*""’. 

We have investigated these DNA-protein interactions by an 
application of a genomic sequencing technique’. The first step 
was to methylate guanine bases on the E. coli chromosome by 
exposure of exponentially growing cells to dimethyl sulphate 
(DMS). Extracted DNA was then digested to completion with 
a restriction enzyme and cleaved at methylated guanines by 
piperidine treatment. The denatured DNA fragments thus gener- 
ated were then separated on a sequencing gel and elec- 
trotransferred to a nylon support. The fragments were covalently 
crosslinked to the nylon by irradiation with ultraviolet light’. 
The sequence of a particular region of the E. coli chromosome 
could then be displayed by hybridizing the nylon support to a 
strand-specific radioactively labelled probe, and to allow precise 
positioning of the sites of piperidine cleavage it is necessary to 
use a probe that abuts the restriction enzyme site closest to the 
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Fig.1 The lac operon control region and the strategy for detection 
of genomic sequence. Top, the repressor gene (i), the CAP binding 
site, the promoter region (P) or RNA polymerase site, and the 
operator (O) are shown. The expanded region shows the wild-type 
lac sequence to which the M13 mp8-lacZ primer and 17-mer probes 
bind. The bracket indicates the position of the polylinker region 
of M13 mp8. The two 17-mer probes (obtained from PL Bio- 
chemicals) when labelled, display either 5’ lower or 3’ upper 
sequence (@) (the data from the 3’ upper 17-mer probe are not 
shown). Synthesis from the {7-nucleotide primer (Collaborative 
Research) annealed to the single-strand M13 DNA proceeds in 
the direction of the arrow and is limited to ~100 bases by the 
concentration of the radioactive nucleotide’. 





Fig.2 A genomic sequence of the lac operator showing the effects 
of toluene and various cellular Lac repressor concentrations in the 
presence and absence of IPTG. Lanes G, A, T and C illustrate the 
sequence from naked DNA”. Lanes 1-4 are from a wild-type E. 
coli strain, lacI*, (FMA10, F. Ausubel; W3102, hsdr Tdr~) and 
lanes 5-8 correspond to a Lac repressor overproducer, lacI% 
(JIM101)'®, Lanes 1, 2, 5, 6 show DMS treatment of whole cells; 
lanes 3, 4, 7, 8, reactions with permeabilized cells. Lanes 2, 4, 6, 
8 correspond to cells grown in the presence of | mM IPTG. The 
corresponding numbered positions are shown relative to the start 
of transcription (+1). The symbols © and a indicate protection 
and enhancement, respectively. 

Methods. Intact cells in rich medium were treated with 0.5% DMS 
for 2 min (same % and time for all subsequent data). The reaction 
was terminated by dilution in cold medium and lysozyme was 
added at 4 °C followed by lysis with an SDS-EDTA solution. The 
genomic DNA was restricted with HaeHI and | wg of piperidine- 
treated genomic DNA was loaded per lane on a 0.04-cm thick 7M 
urea gel’. Hybridization with an M13 mp8-lacZ probe was allowed 
to proceed at 65 °C for 16 h and the filter was washed in 0.5 M Na” 
at 65°C followed by eight washes in 0.3 M Na”. The filter was 

exposed for 10 days without an intensifying screen. 


region. 





i of interest. For our analysis of the lac operon w 

a Haelll site, one probe was generated by copying the vector 
M13 mp8 (ref. 18) using an mp8-lacZ sequencing primer, as 
mp8 contains the lac promoter and operator DNA (‘3' upper’, 
Fig. 1). The other probe was a chemically synthesized 17-nucleo- 
tide fragment (‘5’ lower’, Fig. 1). 

Figure 2 shows a genomic sequence of the 3' upper strand of 
the lac control region of E. coli displayed with the M13 mp8 
derived probe. It also shows the results of DMS treatment of 
E. coli strains with the wild-type lac genotype, lacI™ (lanes 1-4) 
and a Lac repressor overproducer (lacI*) strain'® (lanes 5-8), 
both grown in YT media with or without the gratuitous inducer 
isopropyl thiogalactoside (IPTG). Identical samples were per- 
meabilized with toluene’? before DMS treatment (Fig. 2, lanes 
3, 4, 7, 8). We found that the Lac repressor inhibited the 
methylation by DMS at positions 5, 7, 11 and 12 and enhanced 
methylation at the guanine at position 9 (Fig. 2, lanes 1, 3, 5, 
7). IPTG abolished these effects (Fig. 2, lanes 2, 4, 6, 8), in 
agreement with the changes reported in vitro*. Clearly, DMS 
enters living cells and there is thus no need for toluene per- 
meabilization. We detected repressor binding at wild-type con- 
centrations (10 molecules of Lac repressor per cell'°). 

We next monitored the binding of CAP to the Lac promoter 
by using strains carrying wild-type CAP genes on plasmids 
containing either their own promoter or one derived from 
pBR322 (ref. 20). Figure 3 compares cells grown in minimal 
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Fig.3 Detection of cyclic AMP-CAP binding to the Lac promoter 
in vivo and the use of an oligonucleotide probe to display genomic 
sequence. Experiments using strain PB5/pHAS (CRP39, Agall65 
thi) in minimal media. Lanes G, A and T are chemical reactions 
on naked DNA specific for guanine, adenine and thymine, respec- 
tively?’. Strain PBS/pHAS was grown, concentrated in the respec- ° 
tive medium, treated with DMS and diluted 4x in cold Dulbecco’s 
phosphate-buffered saline (PBS). The filter was prepared as in Fig: 

2 and the upper strand displayed with an M13 mp8-lacZ probe. 
The right half of a shows a similar experiment to that shown on’ 
the left except that samples were reacted with DMS at 37 °C without 
concentration by centrifugation. Two strains are compared: lanes 

8 (glucose alone) and 12 are pp47/pHA7 (pBR322 promoter)”; 
lanes 9-11 are DMS reactions on strain PBS/pHAS (wild-type 
promoter). Lane G illustrates DMS reaction with naked genomic 
DNA from PBS/pHAS. b Illustrates the use of an end-labelled < 
17-nucleotide probe. The strategy for using the oligonucleotide ~ 
probe is given in Fig. 1. All the lanes are aligned with the corres + 
sponding lanes and conditions were as in a. The samples and filter 
were prepared as described in the legends to Figs 2 and 3a..The® © 
5’ lower oligonucleotide probe (100-200 pmol) was énd-labelled. 
by kinase treatment and purified as for the M13 probes’. Hybridiz- 
ation was performed at 45°C in | M Na” rather than 0.7 M (ref. 
7), with two low-stringency washes at 45°C, 0.4 Na” and eight 
high-stringency washes at 0.2 M Na*. The symbols © and a indicate | 
protection and enhancement, respectively. The !7-mer-probed filter. 
was exposed with an intensifying screen for 10 days at -70 °C: 


















tabolite that produces higher cellular levels of cyclic AMP 
than does glucose?'), with or without cyclic AMP and IPTG. 
-Protections at positions —68 snd —66 and enhancement at 
guanine —64, compared with naked DNA, are apparent in Fig. 
3a, most strongly with glycerol plus IPTG alone (lane 6) or with 
cyclic AMP (lane 7). This is CAP binding and these changes 
coincide with those observed in vitro by Majors’””>. Such 
changes do not seem to be under catabolite repression (Fig. 3a, 
lane 1). Moreover, growth on glycerol allows for levels of cyclic 
AMP high enough for CAP binding (Fig. 3a, lanes 4, 5). Treat- 
‘ment at 37°C with DMS in the growth flask rather than after 
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~ Fig. 4 -Quantitation by densitometry of the reactivity of each 
“guanine residue to DMS. The densitometric data correspond to 

+ the upper-strand sequence of Fig. 1. Autoradiograms were scanned 
by an Ortec 4310 densitometer to measure the intensity of each 
<. band. The data are expressed as the log of the ratio C/ P, where 
Cis the measured intensity of the band in the control lane (naked 
DNA) and P is the intensity of that band in each respective in 

< vivo sampleř; a positive value corresponds to protection and a 
negative value enhancement. The abscissa aligns each growth con- 
dition with a guanine residue and its numerical position in the 
“sequence. a, b, c Summarize our data for CAP, the Lac repressor 

: and the active transcriptional complex, respectively. Not all of the 
data from which these graphs were derived are shown. A, Glucose 
(4%) and IPTG (1 x10°°M); B, glucose and cyclic AMP (5x 
103M); C, glucose, IPTG and cyclic AMP; D, glycerol (1%); E, 
glycerol and IPTG; F, glycerol and cyclic AMP: G, glycerol, IPTG, 

1- and cyclic AMP: The protection (O) and enhancement (a) on the 
Gs of the abscissa summarize in vitro data for CAP (a)***, 
repressor (b)> and RNA polymerase (c)’. d, The primary sequence 
of the Lac promoter and operator with a complete summary of 
he in vivo protections (O) and enhancements (a). Data from 
i transcriptionally inactive promoters (a, b) are placed directly on 
the sequence and that for active promoters (c) above the sequence. 
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centrifugation, to avoid any physiolog' 
effect at each guanine residue (Fig. 3a, compare lanes 6, 1 with 
11, 12). Figure 3b displays the lower strand DMS pattern. 
obtained using the 5’ lower 17-mer probe shown in Fig. 1; ea 
lane is aligned with the corresponding condition in Fig. 3a. The © 
interaction of CAP with the 5’ lower strand occurs through 
enhancements at positions —53 and —59 and protection from 
methylation at —55 and —57 (Fig. 3b, lanes 2-7 and 9-12, 
respectively; compare with lane G). These changes do not occur 
in the presence of glucose without cyclic AMP (Fig. 36, lanes 
1, 8). 
Our data from both strands confirm the interaction of CAP 
in vivo with the centre of the 2-fold symmetrical canonical: 
sequence, 5'GTGAG- - - ~-CTCAC 3’ (Fig. 4d), of the promote! 
site’’*, Additionally, it reaffirms the enhanced reactivity to. 
DMS at positions —64 (3’ upper), —53 and —59 (5’ lower)” 
which have previously been neglected in model building of the 
protein-DNA complex”. 
A densitometric analysis was performed on the upper-sirand 
filters. Figure 4 plots the logarithms of the ratios of intensities 
(control/experimental) at the guanine residues of the uppe 
strand. Figure 4a shows the effects of different growth conditions 
on the changes in methylation at the CAP site, upper strand, . 
while Fig. 4b shows densitometric data for growth conditions. 
lacking IPTG. These experiments illustrate the binding of Lac 
repressor to the operator and the co-occupancy of the control. 
region by repressor and CAP” (Fig. 4a, b, B, D, F). Induction. 
by | mM IPTG abolishes repressor-specific protection, replacing 
it with enhancement at positions —1 to +12 (Fig. 4c). The effects . 
at positions ~18, —13, —6 and —1 (Fig. 4c, d) and- on the 5’ 
lower strand at position —32 (Fig. 3b, lanes 3,.7) coincide with 
the prominent changes documented in vitro by Johnsrud? for 
RNA polymerase binding. The quantitative changes at these. 
guanines are smaller than in vitro, but this is to be expected, as 
the in vivo occupancy should be lower. The series of enhance- 
ments following —1 have no analogous in vitro protection experi 
ments and probably reflect an active transcriptional complex. 
engaged in RNA chain elongation. 
We have presented here a rapid and conclusive method for 
detection of protein-DNA interactions in vivo, Our application : 
of genomic sequencing could be further extended if used in 
conjunction with photochemical protection experiments” 7 orthe 
photochemistry devised by Becker and Wang”. 
We thank Nina Erwin for strain PB5/pHAS and Tom Steitz 
for pp47/pHA7, Rich Cate, Ponzy Lu and Bob Schleif for 
helpful discussions, Barbara Bowen and Jerelyn Nick for sugges- 
tions on the manuscript, and particularly George Church for 
genomic sequencing, helpful discussions and critical reading of 
the manuscript. This work was supported by Biogen NV and 
by NIH grants GM09541-22 (to W.G.). 
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The introns separating the variable and constant regions of 
active immunoglobulin genes contain tissue-specific transcriptional 
enhancer elements'°, DNA segments which act in cis in an orienta- 
tion- and distance-independent (up to a few kilobases (kb)) m manner 
:- to enhance transcription initiation at adjacent promoters* °. The 
immunoglobulin heavy-chain enhancer is active only in lymphoid 
cells: in transfection assays it is capable of controlling in cis 
transcription from the simian virus 40 (SV40) T-antigen, rabbit 
B-globin and immunoglobulin gene promoters up to at least 2 kb 
-away'~*, Genetic deletion analysis suggests that a region of as few 
as 140 base pairs (bp) is sufficient for the enhancement effect™?. 
These functional characteristics and DNA sequences are conserved 
between mouse and man'®'*, However, it is not known whether 
tissue-specific proteins bind to the enhancer. Proteins that interact 
with DNA at specific sequences can prevent or enhance the reac- 
tions of individual guanines or adenines with dimethy! sulphate 
(DMS)"*, and this property has been used to display the DNA 
contacts of various regulatory proteins'~”°. Here we apply this 
-DMS strategy in experiments involving single-copy genes within 
intact mammalian nuclei using genomic sequencing”. 
Nuclei were isolated from tissue culture cells and treated with 
DMS at 20°C (Fig. 2A legend). The DNA was then isolated, 
cleaved with EcoRI, electrophoresed, after appropriate chemical 
treatment, on a denaturing sequencing gel, and the lanes of 
= DNA were electrophoretically transferred and crosslinked to 
nylon membranes using ultraviolet light. Hybridization with a 
short single-stranded probe (Fig. 1) complementary to the ter- 
minal 110 nucleotides of one strand produced the image of a 
DNA sequencing ladder extending from the 3’ or 5’ end of the 
appropriate EcoRI site in the genome. 
_ Figure 2A shows the genomic sequence pattern for the upper 
strand of the enhancer region of J558L, an immunoglobulin A 
(IgA) messenger RNA-producing myeloma, MI04E, an IgM 
mRNA-producing myeloma, and L-cells. Figure 2A, lanes f, g, 
display the pattern produced by DMS treatment of J55L nuclei 
` for l and 2 min, respectively. A band is present for every guanine 
<; {or cluster of guanines) expected from the known sequence, 
from positions 483 to 551; bands do not appear at any other 
position. The band at the position of the open circle in Fig. 2A, 
lane g (nuclei), is light (protected from DMS) relative to the 
‘band at the corresponding position in lane h (isolated DNA). 
The band just below this is darker (enhanced DMS reactivity) 
-in the myeloma nuclei relative to the isolated DNA. Figure 4 
shows the positions of these effects in the enhancer sequence, 
at guanine 404 (protected) and at the guanine doublet 406-407 
(enhanced); the 406-407 doublet was not resolved. The IgM- 
producing MOPC-104E myeloma ascites tumour displays a 
Similar pattern of protected and enhanced guanines (Fig. 2A, 
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Fig. 1 Immunoglobulin heavy-chain gene structure and DNA: - 


probe strategy. The top line displays an overview of the locus, 
including variable, diversity and joining regions (respectively Vy, 
D, Ju) and eight constant-region exon clusters (u-a, dark boxes). 
The enhancer region (Ep, open circle) is shown relative to flanking 
exons (Dy, Ju, C,, dark boxes) and switch regions (Sy, open 
boxes) present in the unrearranged germline configurations. 
Beneath it is an expansion of the enhancer region showing the 
positions of restriction sites used relative to the Xbal site. The 
sense of the single-stranded **P-labelled DNA probes is indicated ` 
by large arrows pointing 5’ to 3’. The probe names refer to the type 

of sequence they will produce. For example, Eco 3' upper will) 
produce the sequence ladder expected of 3’ end-labelling the EcoRI | 
site. The 112-bp EcoRI/ Hinfl fragment cloned in both orientations’ 
into Smal-cut M13 mp8 phage vector provided the single-stranded 

templates for probe syntheses as described elsewhere’. 






lanes j, k), while nuclei from fibroblastic non-lymphoid L-cells”® 
do not show this effect (Fig. 2A, lanes n, o). l 
Figure 2B shows the opposite strand obtained by reprobing 
the same membrane with the Eco 5’ lower probe. No effects’ 
were seen in the region near 404-407 on the other strand. 
However, 125 bp away, guanine 530 shows enhanced reactivity 
relative to isolated DNA or L-cell nuclei. Three guanines are 
indicated in Fig. 2B (positions 531, 533, 534) which showed 
DMS protection in Fig. 3A (lanes a, d, f, m, n) and Fig. 3D 
(lanes a, e-h). The two clusters of affected bases, centred about: 
positions 404 and 533 (Fig. 4), show similar (inverted) sequence: 
and protection patterns. ; 
The two myelomas J558L and MOPC-104E produce high 
levels of immunoglobulin heavy-chain mRNA. There is only. 
one allele of the enhancer in MOPC-104E; the other is deleted 
(Y. Kurosawa and S.T., unpublished). In J558L, we see the 
average of two allelic enhancers in two different chromosomal. 
locations; one is producing heavy-chain mRNA, the other has 
been translocated to within the c-myc oncogene 5’ noncoding. 
region”. In L-cells, both enhancer alleles should be in the 
germline configuration. 
The effects observed cannot reflect the inherent variatio: 
the DMS reactivity of guanines in double-stranded DNA or 
variations due to DNA sequence polymorphisms or somati 
mutations, because DMS and piperidine treatments weré per- 
formed on isolated DNA from each cell line in the same.type 
of buffer as used for the nuclei (Fig. 2A, B, lanes a, h, 1). Could 
the changes in DMS reactivity be the consequence of transcrip- 
tion opening up short stretches of single-stranded DNA? Certain 
guanines, such as the middle guanine of a 5’ GGA 3’ sequence, 
have a weak reaction in native DNA which can be increased in 
denatured DNA”. The RNA polymerase increases the reaction: 
of a guanine in the lac promoter by this mechanism’. Reactions 
in denaturing formamide for the enhancer guanines assayed 
here®® result in slight enhancements relative to native DNA at 
four 5' GGA 3’ sequences, but not at the sites we find enhanced. 
in nuclei. Thus, DNA secondary structural changes do not 
explain these effects. : 
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Fig. 2. A, DMS reactions in myeloma and fibroblast nuclei. Lanes a-g, DNA from J558L myeloma cells' (a, A producers); lanes h-k, DNA 
from MOPC-104E myeloma cells? (g, A producers); lanes 1-0, DNA from L-cells (tk” aprt~)** (no immunoglobulin production). Nuclei 
were prepared by Dounce homogenization with the loose pestle at 4°C in 250 mM sucrose, 60 mM KCI, 15 mM NaCl, 3mM MgCl, 15 mM 
Tris pH 7.5, 0.5 mM A-mercaptoethanol, 20 14M EGTA, 0.05% Triton X-100, followed by addition of 2 M sucrose to a final concentration of 
500 mM and pelleting at 800g for 5 min. The loose nuclear pellet is easily resuspended in the same buffer lacking Triton, transferred away 
from the lower packed cell and debris pellet, then repelleted and resuspended at 10° nuclei ml”'. Tris buffer and 8-mercaptoethanol do not 
interfere with the DNA reaction with DMS. In lanes f, j, n, nuclei were incubated with 0.5% DMS (50 mM) at 20°C for 1 min. In lanes g, k, 0, 
nuclei were incubated with 0.5% DMS at 20°C for 2 min. Lanes a, h, l are control DMS reactions on isolated DNA. In lanes e, i, m, control 
nuclei were incubated without DMS at 20 °C for 2 min. Lanes b-d are A >G, T and C reactions? ?*, respectively, using isolated JSS8L DNA. 
The reactions were analysed by cleavage with EcoRI enzyme, ethanol precipitation and the direct genomic sequencing procedure”, loading 
15-30 pg of DNA per lane. The lanes were transferred and crosslinked to a nylon membrane and probed with the Eco 3’ upper probe described 
in Fig. 1. The arrows indicate positions of all guanines. Positions !-190 (see Figs 1, 5) were assayed. Shown here are 483 (topmost arrow) to 
551 (bottom). Clusters of two, three or four guanines which were not well resolved are indicated by numbers beside the arrows. Guanines are 
indicated which are either protected (©) or enhanced (@) in a lymphoid-specific fashion. W, Those lanes where these altered reactivities are 
observed. MOPC-104E has only a single copy per cell of the region displayed; we detect 1 fg (2 x 10* molecules) of probe complementary 
DNA in each band (there are 6 x 107!® molecules per lane). B, After autoradiography, the membrane used in A was stripped of the first probe 
and reprobed with the Eco 5' lower probe. The lanes and symbols are as in A. The topmost arrow indicates position 384, the bottom-most 
indicates position 494. 





The dark bands interpreted as enhanced guanines are not 
caused by crossreacting or contaminating restriction fragments 
of the appropriate lengths, as no enhanced bands of equal length 

„appear on the opposite strand. Also, EcoRI low-specificity nick- 

ing, cell-type-specific endogenous nuclease or depurination 

“activities are ruled out by the omission of DMS from the incuba- 
‘tions in Fig. 2A, B (lanes e, i, m). Figure 3A, lanes c, e, h, k, 
which omits the piperidine step, demonstrates controls for any 

“-DMS-activated cell-type-specific nucleases. The tissue-specific 
effects on DMS reactivity are best explained by molecules (pro- 
teins) making contacts near guanine N-7 atoms in the major 
groove of the enhancer DNA. These experiments do not prove 
that the binding of such molecules is the cause, rather than an 
effect, of the transcriptional activity. 

To provide additional controls and as a step towards isolating 
the molecules responsible for the protection patterns, the 

“stabilities of the putative DNA-protein interactions were moni- 
“tored.as a function of buffer composition and ionic strength. 
Figure 3A shows that the ceil-type-specific patterns at guanines 
530-534 in the JS58L myeloma are resistant to modest alterations 
in the DMS reaction protocol, for example a fourfold higher 






Tris concentration (lanes a-o), 0°C (lanes a,b), 150mM 
monovalent cation concentration (lanes f, g) or 6mM EGTA 
(lanes m-o). The controls in these experiments use the non- 
immunoglobulin-expressing™’ Friend virus-transformed MEL”! 
erythroleukaemic cells, which are non-adherent and closer than 
L-cells in developmental lineage to lymphoid cells. The interac- 
tion responsible for the altered DMS reactivity at the lower site 
is sensitive to 250mM monovalent cation concentration (Fig. 
3A, lane i) and higher (lane /). The upper site at 404-407 shows 
the same sensitivity on reprobing the membrane in Fig. 3B. The 
striking difference between the erlhanced and the protected 
guanines visible at 75 and 150mM (Fig. 3A, B, d, f, m,n) is 
eliminated at 250 and 500 mM salt (Fig. 3A, B, lanes i, 1). Note 
the similarity of the myeloma and erythroid patterns at high salt 
concentrations (Fig. 3A, B, lanes i,j). Figure 3C shows that 
small shifts in the lymphoid pattern of residues 404-407 towards 
the pattern seen with isolated DNA do not begin until about 
225 mM salt. The protection pattern of residues 530-534 is lost: 
at the same concentrations on the other strand (not shown). 

Some loss can occasionally be seen at both sites at concentrations 

as low as 75 mM (Fig. 3D, lane e). The patterns are clearest in 
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fery low salt, 10mM (lanes g, h) and these are comparable to 
what is seen in whole cells treated with DMS**. The salt sup- 
pression of the tissue-specific reaction patterns observed might 
be due directly to titration of electrostatic interactions or 
indirectly to changes in DNA conformation or to the major 
release of unrelated chromosomal proteins. In any case, these 
data support our suggestion that the two sites have similar 
properties, including salt elution. 
The similarities in DNA sequence and DMS reactivity pattern 
between the two putative binding sites noted above could rep- 
resent binding by a single recognition protein. If this protein 
were necessary for a lymphoid-specific function, we would pre- 
dict that similar DNA sequences would be found in other known 
immunoglobulin enhancers and homologous regions in other 
species. A human heavy-chain enhancer which functions in 
mouse lymphoid cells lies within a 279-bp Alul fragment’? and 
contains two homologous sequences at positions similar to those 
in the mouse gene (Fig. 5). A mouse x enhancer is contained 
on a 475-bp Alul fragment between the « joining (J,) and 
constant (C,) region. Within this region, a 130-bp stretch is 
conserved among mice, rabbits and man'', and contains two 
homologous 10-bp sequences in all three species. Outside this 
region there are two further matches. Figure 5 derives a con- 
sensus sequence, GCCAGGTGGC, from these comparisons. 
We interpret the broad variety of deletion studies" as 
showing that other sequences as well as the consensus sequences 
“are necessary for enhancer action. A single 10-bp immuno- 
globulin consensus element alone is probably not sufficient for 
-enhancement because single examples of similar sequences (Fig. 
5) occur in pBR322 and SV40, while these vectors in transfection 
assays have little or no lymphoid-specific transcription back- 
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Fig. 3 A, Effect of NaCl on DMS reaction patterns in lymphoid and erythroid nuclei. Nuclei isolation conditions were as for Fig. 2. Lanes 
a, b, nuclei were incubated with 0.5% DMS at 4°C for 8 min. Lanes c-o, nuclei were incubated with 0.5% DMS at 20°C for 4 min. Lanes 
a, c-f, h-i, k-n, DNA from J5S58L cell nuclei. Lanes b, g, j, o, DNA from MEL-D2-745-JG1-PC4 erythroleukaemic"! cell nuclei. Lanes c, e, h, k, 
controls where piperidine cleavage at modified guanine bases was omitted. The Na* plus K* concentrations were as follows: 75 mM in lanes 
a-d and m-o; 150 mM in lanes e-g; 250 mM in lanes h-j; 500 mM in lanes k-l. The basic reaction buffer (75 mM Na* plus K*) consisted 
of (in mM) 250 sucrose, 60 KCI, 15 NaCl, 3 MgCl,, 60 Tris PH 8.2, 0.5 8-mercaptoethanol and 20 uM EGTA. Other solutions contained higher 
NaCl concentrations. The solutions used in lanes m-o contained 6mM EGTA. B, After autoradiography, the membrane was stripped of the 
first probe and reprobed with the Eco 3’ upper probe. The lanes and symbols are as for A. The enhancement/ protection symbols are at positions 
404-407. C, As for A and B, adjusting only NaCl concentrations to achieve total monovalent cation concentrations indicated at the head of 
each lane (in mM). The site at 404-407 is shown using the Eco 3' upper probe. D, The lower strand of guanines near site 531-534, showing . 
effects of very low salt and transient high salt treatment. DMS reactions for lanes a and e were done in standard (75 mM) conditions as in: 
previous figures. Lane b, DMS reaction at 250 mM salt; lane c, at 75 mM after dilution from 250 mM; lane d, at 75 mM after washing nuclei 
at 250 mM; lane f, DMS reaction on cells in growth medium*®. Lanes g, h, nuclei at 10 mM NaC], 0.05% Triton X-100 with 10 mM Tris-HCl 
pH 7.5 and 50 mM Tris pH 8.2, respectively. 


ground. If the 10-bp element does contribute to lymphoid- 
specific transcriptional enhancement, one must be cautious in 
interpreting the deletion data. For example, the 140-bp 
Poull/Ddel enhancer fragment! inserted 80 bp from the 
pBR322 match could represent an unanticipated duplication of 
the 10-bp elements synergistically producing some enhancement 
activity. ; 

The significance of the reiterated consensus sequence can be 
tested by examining the DMS reactivity of the other 
immunoglobulin enhancers in various cell types and by analys- 
ing the effects of point mutations on DMA protection/enhance- 
ment patterns and transcription levels after transfection. The’ 
DMS reactivity patterns provide assays for isolating enhancer 
binding molecules. 

In conclusion, we have detected a factor that binds to an 
enhancer element in a tissue- and sequence-specific fashion. 
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GCAG CAGG TGG CAGE AAG! TCA TG TGG CTATTTGGGG AAGGG AAAATAAAACCACTAGG TAAACTTOTAG CIG TOGTTTEAA 
OG TOS TOG ACOG TCCTT OG TCCAG TACA ATAAACCCCTT COCTTTTATITIGG TEATCCATITG AACATOGACATCAAACET 


Bet ii “or sog a $26 $30 $40 #50 


GAAS TGGTTTTG AAACACT CIG TCCAG CCCCACCAAACOG AAAG TCCAGG CTG AG CAAAA ACCAC 


SAAT TG CATTTCTAAAAT 
‘TCTCACCAAAA CTTTG TG AG ACAG6 TOGGGG TUG TTTGG CTTTCAGOTCOG ACT OY 


LEG ACCORTTAAA CR TAAAGATTITA 
Fig. 4 Summary of positions of G nucleotides with altered DMS” 
reactivities within the immunoglobulin heavy-chain enhancer 
region. Altered DMS reactivities of guanines specific for lymphoid 
nuclei are indicated for protected (©) and enhanced (@), relative 
to isolated DNA. Thin lines indicate homologies to viral enhancer 
core sequences™ noted in previous work'*'°*, Numbering. is 
from the Xba] site as in Fig. 1. Sequence data are from refs 1,2: 

Boxes enclose 10-bp sequences aligned in Fig. 5. 





o 
AGGTCATE 


E TGEGGCAAG 8 1,2 
oo os 

H 533< TACCCAGGTGGTGETT 8 1,2 

E 353 < AGTCAAGATGGCCEA 1 1,2 

E 385 << GCAGCAGCTGE CAGE 7 1,2 

E 89> ACAGCAGGETGECAGE 8 12-14 
E 226< TG TCCAGETETTETT 7 12-14 
k 176 CTGCCAGATGEGCCTC 9 ii 

k 77l CTGCCAGETGECCTC 10 11 

k 77< CTGCCAGATGEGECEC 8 11 

k 129? CAGGCAGGTGGCCCA 9 10,11,15 
k 129> TAGGCAGGTEGCCAA 9 11 

k 129) GAGGCAGGTGACCCA 8 11 

k 180> GICCCATETEGTTaAC 7 10,11,15 
k 199 > CGGCCAGGTECAGET 8 11,37 

Ig enhancers G6CCAGEGETEEC 


36 57 93 79 100 79 SO 29 


, frequency: 
Hon Wek g 29 57 100 71 100 64 29 






ctagAAAg 4 38 


viral enhancers TTT 


Cavs T 4073 


CT 9 39,40 
 pBR322 4281 4 A 


TG CCAGGT TTA 
CGTCAGGT ACT 9 41 


































Fig: 5 A consensus sequence for immunoglobulin intron enhan- 
. The position of guanines with altered DMS reactivity in the 
‚mouse heavy-chain enhancer in nuclei are indicated: O, protected; 
» @, enhanced. Beneath the consensus sequence is the percentage 
of the matches found at that nucleotide position for the 14 enhancer 
segments aligned as shown. A weak similarity with a viral con- 
‘sensus*” is also shown. The positions of the centres of the sequences 
are numbered in accordance with the references given. The symbols 
{,) indicate whether the sequence shown has been inverted relative 
to the original report or not, respectively. The column marked 
‘match’ indicates the number of matches to the 10-bp consensus 
for the enhancer segment on that line. 
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An analysis of the 1,217-amino acid residue sequence of the 
precursor of mouse epidermal growth factor (mEGF)' revealed 
regions of considerable similarity with bovine factor X, a blood 
coagulation factor. Similarities of mEGF itself with facto ; 
pancreatic secretory trypsin inhibitor’ and, most strikingly, trans- 
forming growth factor I (TGF-I)** have been observed. On the 
basis of the comparisons described here, it seems that the pre- 
sumptive 140-residue 19K early protein (relative molecular mass. . 
(M,) 19,000) of vaccinia virus® from residues 40-91 shows 
overall identity of 36% (19/53 residues) with both mEGF. and 
urogastrone (human epidermal growth factor, hEGF); a single 
deletion is assumed for vaccinia virus 19K protein which allows. 
the six Cys residues (positions 45-80) to be aligned with those o 
mEGF or hEGF. This protein is encoded in the 10.3-kilobase (kb 
inverted terminal repeat“. Because it is an early protein with a 
EGF-like central portion, the 19K vaccinia virus protein may har 
an autocrine function and may be required for DNA ‘synthesis. 

The double-stranded DNA genome of vaccinia virus consist: 

of ~182,000-186,000 nucleotide base pairs (bp)”* and can 


a 
srar NSYPOCPSSYDXYLMGGVCMTESLDSYTCHCY T QYSADRCOTRDLRWWELR 
ngar NSDBECPLSHDGYCLHOOVCWY I EALDKYACHCVVGYIGERCOYRDLKWMELR 37/53 
Tor-1 VVENKCPOSHTOYC-PHOTCRFLVQEEKPACÝCHSOYVGVRCEHADLLA--—- 17/53. stór 
21/53 HGF. 
POON E S-E 8 ft § LIENEI 
Vaccinia PAIRLČOPEGÓOÝČL-HÓDCIHARDIDONYČRČBHÓYTOIRCOHVVÍVDYORSE 19/53 
19K Prot 
140-92) 
b 


Vaccinia MEMKYLNLLFAANI IRSFADSGNAIETTSPEITHATTDI 
19K Prot 
Complete PAIRLCGPEGDGYCLNGDCIHARDI DGNWYCRCSHGYTGIRCQHVVLVDYORSE 


MPUTTTSYIPSPGINLVLVGI III TCCLLUSVYRFTRRIKLPIODMVYP 


Fig. 1 a, Amino acid residue sequences for mEGF, urogastrone 
(hEGF), TGF-I and residues 40-92 of vaccinia virus 19K protein. 
The values on the right indicate the ratio of matches found with 
mEGF after alignment. Alignments were performed using the 
SEQA programme of Kanehisa et al.'*. b, Complete sequence of.” 
the vaccinia virus 19K protein. Apart from the six Cys residues: 
comparable with those in EGF, two additional ones are present © 
at positions 118 and 119. Residues 6-15 and 106-123 are — $ 
hydrophobic. 

















2 Dot matrices showing positions of scored matches for 
re-mEGF versus different amino acid residue sequences. The 
DIAGON’* program was used with the span length set to 11 and 

? = 0.0003 (a-e) or span length 49, P=0.00001 (f), where P is 
the probability by chance alone of a scored match being found'®. 
Dayhoff substitution scores”'>'© were used. In each box the 
horizontal axis represents the 1,217 pre-mEGF sequence with the 
“vertical axes indicated below. a, Pre-mEGF (residues 1-1,217); 
internal direct repeats are discernible and are not confined to the 
mEGF region. The vertical dashed lines delineate residues 937- 
1,076, that is, mEGF equals 937 +40-1.076—47 and the vertical 
lines indicate the position of mEGF (residues 977- 1,029). b, Pre- 
mEGF residues 937-1,076; horizontal lines delineate the mEGF 
region, with the mEGF-like sequences to the left of the ‘main 
diagonal’. c, hEGF (urogastrone); the 53-residue sequence is pad- 
ded with blanks above and below so that it is on a scale comparable 
with the 19K vaccinia virus protein. Matches are seen just below 
the lower line because of the persistence phenomenon caused by 
the scoring procedure'®. The similarity of the substituted amino 
_ acids between mEGF and hEGF is evident. d, TGF-1; the 50 residue 

Sequence is padded in a manner similar to c. e, Vaccinia virus 19K. 

rotein; some similarity exists beyond the EGF region. f, 19K 
Vaccinia virus protein analysed at span length 49, P = 0.00001. 


ncode > 150 proteins””''. By virtue of the viral genome contain- 
ga complete transcriptional system, replication occurs in the 
cytoplasm; half of the genome consists of genes transcribed 
early in infection. One of these genes, contained in the 10.3-kb 
inverted terminal repeat (~6.91-7.39 kb from the end of the 
genome®), codes for the putative 140-residue polypeptide 
15.5K) which is thought to be identical to the 19K protein 
observed on the polyacrylamide gels used to analyse the prod- 
cts of in vitro translation experiments’. 
`The complementary DNA derived from the messenger RNA 
or mEGF has been sequenced’*"; it is 4,749 bp long and codes 
fora primary translation product of 1,217 amino acid residues 
hat may contain eight cryptic peptides, similar to mEGF. A 
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Fig.3 Predictions of secondary structures for EGF and EGF-like 
peptides. Plots were obtained using software provided by Novotny `` 
and Auffray”. Determinations for a-helical, B-sheet and reverse- ` 
turn regions were based on Chou and Fasman parameters’? and 
the computations of hydrophobicity on the method of Rose and 
Roy’. Overall, the plots are reasonably similar, particularly with 
respect to the hydrophobicity plots. a, mEGF; b, hEGF; c, rat 
TGF-I; d, vaccinia virus 19K protein, residues 40-92. The five 
curves from top to bottom of each group represent reverse-turn `: 
propensity (t), a-helix (——-) and §-sheet (~-~-) propensities, 
electric charge (+ above, — below the line), and hydrophobicity. 
(H@). A single round of smoothing was used (seven-point 
window). Y: 





search of the National Biomedical Research Foundation’s Pro- 
tein Sequence Database (August 1984) revealed several sequen- 
ces with pentapeptide or hexapeptide regions matched perfectly 
to regions contained in the 53 residues of either mEGF or hEGF. 
Only the 19K protein from vaccinia virus, however, contained 
the spacing of the Cys residues so characteristic of the peptides. 
listed above. Figure 1 shows the sequence alignment for the: 
EGFs, TGF-I and the 19K protein; Fig. 2 shows dot-matrix 
patterns for the peptides analysed against the pre-EGF sequence. 
These dot matrices were obtained using the DIAGON program . 
developed by Staden’, which uses probability statistics. 
developed by McLachlan'®. Scoring was based on the Dayhoff 
amino acid substitution matrix’. Figure 3 represents ‘predictive’ 
analyses for a-helical, -sheet and reverse-turn regions as well 
as showing charge distributions and relative hydrophobicities. 
(H¢)". l 
The analyses are consistent with the suggestion that the central 
region of the vaccinia virus 19K protein is quite similar to EGF. 
The flanking residues (1-39) give little indication of such similar- 
ity although there may be a suggestion of similarity (for some 
of the residues between 93 and 140) to amino acid residues on 
the -OH side of the EGF region in the pre-EGF peptide (Fig. 
2f). It is clear also that both vaccinia virus 19K protein (residues . 
40-92) and TGF-I are more similar to EGF itself than to any 








of the EGF-like regions (Fig. 2). The propensity curv 










ow similarities between both EGFs and TGF-I and vaccinia 








< between hEGF and mEGF as well as between TGF-I and 
vaccinia virus 19K protein and the two EGFs (Fig. 3a, c). 

~ Although the function of the 19K protein is unknown, it is 
_ translated early during viral infection and its gene is present in 
the distal hypervariable region of the vaccinia genome®, con- 
sistent. with its being co-opted from the host’s genome. The 
_ analyses presented here suggest that the 19K protein has an 
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_ Tumour necrosis factor (TNF) was found originally in mouse serum 
after intravenous injection of bacterial endotoxin into mice primed 
_ with viable Mycobacterium bovis, strain Bacillus Calmette-Guerin 
_ (BCG)'. TNF-containing serum from mice is cytotoxic or cytostatic 
“to a number of mouse and human transformed cell lines, but less 
or not toxic to normal cells in vitro. It causes necrosis of transplant- 
“able tumours in mice. TNF also occurs in serum of rat', rabbit"? 
and guinea pig’. Rabbit TNF has been purified recently to give a 
single band on SDS-polyacrylamide gel electrophoresis (PAGE). 
The. purified TNF had a relative molecular mass (M,) 40,000 + 
§,000 measured by gel filtration, and 17,000 by SDS-PAGE. Its 
isoelectric point is 5.0 £0.3 (ref. 4). The necrotic activity in vivo 
_ and the cytotoxicity in vitro are produced by the same substance’. 
The gene encoding TNF has been identified in a human genomic 
A library using as a probe a cloned cDNA encoding a portion 
‘rabbit TNF. The regions of this gene encoding an amino-acid 
“sequence corresponding to mature TNF have been expressed in 
-Escherichia coli and the product of this expression isolated in pure 
form and shown to produce necrosis of murine tumours in vivo. 
_ Recently, rabbit complementary DNA (cDNA) prepared from 
. the messenger RNA (mRNA) extracted from rabbit alveolar 
cells has been cloned in E. coli (H.I. et al, manuscript in 
preparation). Expression of the cloned cDNA modified to 
express the serum (mature) form of rabbit TNF in E. coli gave 
“a product which was cytotoxic to a transformed cell line and 
caused a necrotic response to an experimental tumour (H.I. et 
al., Tiape 2 in preparation). There is less information about 
human TN which has not yet been purified. 

A human genomic library prepared by inserting large EcoRI- 
methylated fragments from human DNA partially digested with 
Haelll and Alul into Charon 4A A phage’ using EcoRI linkers 
Was:obtained from T. Maniatis’®. A rabbit TNF cDNA probe 

- (pB2-7, H.I. et al, manuscript in preparation) labelled by nick 
“translation! 2 with {a-??P]dTCP enabled identification of nine 
‘positive clones, designated HG-1 to HG-9, in this library. The 
phage DNA from each of these clones was isolated using the 











rus 19K protein. Note, however, that obvious differences exist ; 





EGF-like function. E 

receptor sites (or sites similar to hem) ; 
sequences allow it to behave like an internalized and possibi 
degraded EGF-receptor complex remains to be elucidated. 

I thank B. A. Moss and V. Bender for useful discussions: 
R. Staden, M. Kanehisa and J. Novotny for making available. 
software; C. A. Bucholtz for maintaining the databases and 
writing and modifying much of the software used; and K: A. 
Ferguson for suggesting the search. 
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miniprep method'*-"*, Each of the nine clones was examined by 
restriction enzyme analysis and found to share a common 2.9-. 
kilobase (kb) EcoRI fragment complementary to the. pB2-7 

probe. The phage DNA was isolated from one of these clones, 
designated HG-3, and the 2.9-kb EcoRI fragment was isolated 

and ligated into the EcoRI site of pUC13 (ref. 15) to obtain a: 
plasmid, designated pHGE. . 

The insert from pHGE was sequenced using the method of _ 
Maxam and Gilbert’® by the strategy shown in Fig. la. As the 
pHGE insert did not contain the polyadenylation site, a HindIII 
fragment overlapping the 3’ end of the pHGE insert was isolated’ 
from HG-3 DNA and inserted into the HindIII site of pUC13.. 
to yield a plasmid designated pHGH2 (Fig. 1b). Sequencing of 
the HindIII insert of this plasmid identified the presumed p 
adenylation site in this segment. The total sequence of the hum 
genomic TNF gene with exons and introns identified is presentec 
in Fig. 1c. The amino-acid sequence deduced from the DN, 
encoding the recombinant mature TNF indicates that the nal 
human TNF does not have N-glycosylation sites'’ and has o. 
one possible S-S bridge. 

By analogy with the genomic gene structure of rabbit TNE 
we expect that the protein expressed initially from the mRNA 
derived from this gene would be processed to yield a product 
with the N-terminal sequence Ser-Ser-Ser (exon 3, Fig. 1¢). An 
expression vector encoding such a mature TNF sequence was 
constructed by combining a major portion of exon 4 with four 
synthetic DNA fragments under the control of the tac promoter’? 
as shown in Fig. 2. This approach avoided the need for a source 
of human mRNA. 

The purification of recombinant human TNF produced in E. 
coli (Fig. 3) was monitored by mouse L-cell killing activity. The 
M, estimated by gel filtration (Fig. 3a) is 45,000. SDS-PAGE 





Table 1 Tumour necrotic activity of human TNF 





Necrotic response 


Dose iia i ie ie G = 
(U in 0.05 ml) (No. of mice) Cured ratio 
5,000 3 l 2/4 
500 4 0/4 
50 1 3 0/4 
Control 4 0/4 





Colon 26 adenocarcinoma (0.1 ml of 2% tumour brei) was trans- 
planted intradermally into BALB/c mice on day 0. The diameter of the: 
tumour mass was ~10 mm on day 9, when purified recombinant human 
TNF dissolved in saline containing gelatin (1 mg mi~’) was. injected. 
intratumorally. The control group was treated with saline containing- 
gelatin (1 mg mi~’) Necrotic responses were scored according to the 
method of Carswell et al’ and tumours of cured mice were complete! 
regressed. 
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c 3 OGTCCTACACACAAATCAGTCAGTOGCCCAGAAGACCCCCCTCGOAATCOGAGCACGOACOATGOGQAGTGTGAGGOGGTAFCCTTGATGCTTGTOTGICE 


<e- pHGE 
101 CCAACTYITCCARATCCCCOCCCCCGCGATUGAGAAGARAACCGAGACAGAAGDIGCAGGGCCCACTACCGOCTTCCTCCAGATGAGCTCATGGGTTICTECA 
BOY CCAAGCGAAGTTTTCCOCTGOTTOAATOATTCTTITCCCCOCCCTCCTCTCGCCCCAGGGACATATAAAGGCAGTTOTTGGCACACCCAGCCAGCAGACOCT 
301 COCTCAGCAAGGACASCAGAGGACCAGCTAAGAGGOAGAGAAGLCAACTACAGACCOOCCOTGARRACAACECTCAGACOCCACATCOCCTGACAAGCTSC 


ROT CAGOCAGOTICTCTTCOTCTCACATACTGACCCACGGCTICACCOTOTCTOLCCTGGARAGGACACCATOAGCAC TGAAAGCA TGATCOGGSA COTES AG 
MetSerThrGluSerMetileargaAspVaiciu 


Gt CTOGCCCACGAGGCECTCOCCAAGAAGACAGOGSGGCCUCASGGE TCCAGGCGGTECTIGT TCCTCAGCCTCT TC TOCTICCTGATCGTGGCAGGCOCCA 
LevalaGluGlualaLeuProLly eLysThralySlyProGinSlySerargargcysLeuPheleuSerLeuPheSerPhelLeulleValAlaGlyalaT 


604 CCACOCTCTTCTOOCTGCTOCACTTTOGAGTGATCGGCOCCCAGAGGGAAG AGG TGA TECCTSECCAGCETTCATCCACTCTCCCACCCRAGGCGA BAT 
heThrLeuPheCysLeuLeud isPheGlyVallleGlyProGinargGluGis 


GAGACACCCAAGAGAGGGAGAGAGATGOGATGOG TGAAAGATGTGCGCTGRTAGGSAGGGATGGAGAGAAR AS AACA TGGAGRAAGACGGGGATGCAGAA 
AGAG ATG TGGCAAGAGATOGGGAAGAGAGAGAGAGARAGATOGAGAGACAGGA TGTCTOGCACATOGAAGGTOCTCACTAAGTGTOTATGGAGTGAATGA 
ATGRATORATGAATGAACAAGCAGATATATARATAAGATATGGAGRCAGATOTGGGSTGTOAGA AGAGAGATGGOGGAAGARACAAGTOATATGAATAAA 
GATGGTGAGACAGAARGASCGGGAAATATGACAGCTAAGGAGAGAGATGOGGUGAG AT AAGGAGAG ARGAAGATAGOGTGTCTOGCACACAGAAGACACTC 
AGOGARAGAGCTGTTGAATOCTGSAAGGTOAARTACACAGATOAA TGC AGAGAGAAAACCAGACACCTCAGGGCTAAGAGCOCAGGCCAGACAGOCAGECR 


1261 GOIGTICCTCOTTIAAGUGTGACTCOCTOGATGTTAACCATICTCCTICTCCOCAACAGTICCCLAGGGACCTCTCTCTARTCAGCEOTCTGGECCAGIC 
PheProArgaspleuSerLeulleSerProLevdlaginal 


1301 ACTCAGTAAGTGTCTCCAAACCTCTTTCCTAATTCTGGGTTTOGOTTTGCGGGTAGGOTTAGTACCOOTATOGAAGCAGTGGOGGAAATTTAAAGTTTTG 
aVala 
3403 GICTIGOGGGAGGATGGATCOAGGTGAAAGTAGGGOGOTATTTICTAGGAAGTTTAAGGGTCTCAGCTTTTICTTTTCTCTCTOCTCTICAGGAICATCT 
i reSerser 
-= 


Mature TUF 


Wisor TCT COAACECCGAGTGACAAGECTS TAGCCCATGOT TOTACGTAAGAGCTCTGAGGATGTGTCTIGGAACTIGSAGGGOCTAGGATT TGGGGATTGARGECE 
SeradrgtbrbroseraAsplysProvalaAlahisVaivala 


GOUCTOATOOTAGOCAGAACTTOGAGACAATGTGAGAAGGACTOOCTGAGCTCA AG GGARGESTCGAGGAACAGCACAGGCCTTAGTGGGATACTCAGAAC 
GTCATGOCCAGGTGGUATGTGGGATGACAGACACAGAGGACAGGAACCOGATGTGGGGTGGGL AGAGCTCCAGGCCCAGGATSTGGAGAGTORACCGACA 


, TGGOCACACTGACTCTOCTOTCCCTCTCTCCCTCCOTCCAGCA RK CCCTCAAGCTORGGGG CAGE TC CAGTGGCTGARCCOCCGGGECAATOCOC TEE TG 
lLadsnProGindlaGluGlyGinLeuGlnaTrpleudsnArgargaAladsnilaleuieu 


GECAATGGCOTGGAGCTGASAGATAACCAGCTGGTGGTCCCATCAGAGGGCCTOTACCTCATCTACTCCCAGGTCCTCTICAAGOGCCAAGGCTGOCCECT 
(plaksnGlyValGluLevArgAspAsnGl nLeuValVal ProSerGluGlyLeuTyrLeulleTyrSerGlnValLeuPheLyaGiyG)nGlyCysPros 


- ROROCCATOTGOTCCOTCACCCACACCATEAGCOGCATCGCCGTCTCCTACCAG ACCA AGGTCARCCTCCTCICTGCCATCAAGAGCCCCTGCCAGAGGGA 
erThrBisValLeuLeuThriisThrileSerArgliealaValSertyrGinthrLysv¥alAsnLevuLeuSerklalleLysSerProcyaGinargs) 


GACOCCAGAGGOGOCTGAGOCCAAGCOCTOGTATCAGCCCATCTATCTGGGAGGGGTCTTECAGCTGGAGAAGGCTGACCGACTCAGCOCTGAGATCAAT 
‘uThrProGluGlyAlaGlualaLysProTrptyrGiuProlletyrLeuGlySlyValPhedi nLeuGlulysGlyaspArgleuSerélaGlullekun 


LUGOCOGACTATCTCGACTTTGOCGASTCTGUGCAGGTCTACTTIGGGATCATTOCCCTGTGAGOAGGACGARCATCCAACCTTCCCARACGCCICEC ST 
ArgProAspTyrLeuaspPheAlaGluSerGlyGinvalTyrPheGlylielleAlaLeu . 


OCOOORATOCOTTTATTACCCOCTCCTTCAGACACCCTCARCCTOTTCTOOCTCAAAAAGAGAATTOOGGGCT TAGGGTCOGAACCCAAGCTTAGARCTT 
<~- PRGHS 


TAAGCAACAAGACCACCACTTCGAAACCTOGGATTCAGGAATOTGTGGCCTGCACAGTGARGTGCTGGCAACCACTAAGAATTCAAACTGGGGCCTCOAG 
pHGE --> 


AACTCACTGGGGCCTACAGCTTTGATCCCTGACATCTOGAA TC TGGAGACCAAGGAGCOTTIGSTICTGCCCAGARTGCTGCAGGACTIGAGAAGACETC 
ACCTAGARATTGACACAAGTGGACCTTAGOCCTTCCTCTCTCCAGATOTTTCCAGACTTCCTTGAGACACOGAGCEEAGCCCTCCCCATGGAGCCAGCTC 
COTCTATTTATGTTIGCACTTOTOATIATTTATTATTTATTTATTATTTATTIAT TIACAGATGARTGOTATTIATTIGOGAGACCGGGGTATCCTOGESG 
ACCCAATOTAGOAGCTOCCTIGOOTCAGACATOTITTCCGTGAAAACGGAGLCTGAACAATAGGCTGOTICCCATOTAGCCCOOTOGCCTCTOTGCCTIC IT 
TIGATTATOTITITTAAAATATTTATCTGATTAAGTIGICTAA ACAATGCTGATT TGGTGACCAACTGTCACTCATTGCTGRGCCTCTOCTCCCCRRGSG 
AGTTGIOTCTGTAATCOCCOTACTATTCAGTGGO COAGAAATAAAGTTTGCTTAGAAAAGASACATOGTCTCCTICTIGGAATTAATTCTGCATCTOCETC 
FTOTTOTOUGTOGGAAGAAGCTCOCTAAGTCCTCTOT COAL AGGCTT TARGA TOCCTCUGACCCAGTCCCATCCTTAGACTCCTAGGGCCCTAGAGAL TE 


TACATABAGAAAGCCCAACAGAATATTOCCCATCOCCCAGU AARC AAGAGCCOTGAACCTARTTACCTCTCCCTCAGGOCATGGSSATTTCCAACTCTC SG 


RATTC 
“pRGh2 +> 


_ (Fig. 3b) indicated a M, of 17,000, in agreement with the value 
‘of 17,099 expected from the coding sequence. The pl as deter- 
mined by isoelectric focusing (Fig. 3c) was 6.0, in good agree- 
ment with the calculated value of 6.6. The recombinant human 


























































Fig. 1 a, Sequencing strategy for pHGE < 
genomic insert; b, polyadenylation signal; c 
nucleotide sequence of pHGE and pHGH2 
inserts and deduced amino-acid sequence. 
Methods: a, Plasmid pHGE DNA subcloned in: 
E. coli K12 (GM48, dam™) was isolated and 
digested with the indicated restriction enzymes. 
The isolated fragments were labelled at their 3’ 
ends by fill-in or nucleotide replacement using 
the Klenow fragment of E. coli DNA. poly- 
merase I (Takara) in the presence of [a- 
*P]dNTP. Poull fragments were subcloned — 
into the Smal site of pUC8 (ref. 25) and the: 
resulting plasmid was introduced into E. coli 
K12 (JM83). Several fragments were. isolated 
from these subclones and 3’-labelled at residual 
sites derived from the multiple restriction site 
region using the Klenow fragment of E. coli 
DNA polymerase I in the presence of [a- 
*2P]dNTP. One fragment, indicated by a wavy `; 
line, was labelled at its 5’-end by sequential 
treatment with calf intestinal alkaline phos- 
phatase (Boehringer) and T4 polynucleotide 
kinase in the presence of [ y- P]ATP. Arrows 
show the direction of sequencing from the 
labels at the indicated restriction sites (small 
vertical bars). Sequences were determined. by `< 
the method of Maxam and Gilbert!®. b, The. 
HindIll site preceding the EcoRI site at the 
right extremity of the pHGE insert was shown 
by sequencing to contain the initial sequence 
of a 2.8-kb Hindili digest fragment derived ` 
from the same Charon 4A A phage clone HG3 - 
as was the pHGE insert. This 2.8-kb. fragment 
was inserted into the HindIH site of pUCI3 to 
yield a plasmid designated pHGH2. c, The 
sequences of exons |, 2, 3 and 4 were confirmed.» 
by sequencing of both strands. The four exons. 
were determined by homology comparison with 
the genomic gene structure of rabbit TNF (H.1. 

et al, manuscript in preparation) and the 
GT/AG rule. There is a Goldberg-Hogness 
consensus sequence at base 262. We assume 
that the first ATG located 202 bases from 
TATAA is the site of initiation of translation, . 
as is usual for eukaryotic gene expression. The 
arrow indicates the site of presumed post-trans- : 
lational processing to liberate mature TNF by. 
analogy with mature rabbit TNF (H. etal, > 
manuscript in preparation). Biological activity 
(L-cell killing) was confirmed in the product of: 
the plasmid pHNtacl engineered to producea 
sequence starting at this point. 









terminal amino acid residues was Ser-Ser-Ser-Arg-Thr-Pro-Ser- 
Asp-Lys-Pro-Val-Ala-His-Val-Val-Ala-Asn, consistent with that 
predicted by the cloned DNA sequence, except for the absence 
of a N-terminal methionine. 


. TNF retains its activity over the pH range 6-10 for 24h at 4°C 
but is inactivated rapidly at lower pH values. It retains biological 
activity at 60°C 30min at pH 7.4 but is inactivated rapidly at 
higher temperatures. These results on recombinant human TNF 
-arein close agreement with those obtained on natural TNF from 
rabbit serum“. 

. Amino-acid analysis of purified human recombinant mature 
© TNF indicates the absence of methionine. Automated Edman 
-degradation on 3- to 5-pg portions of this TNF was performed 
“on a gas phase sequenator. The sequence of the first 17 N- 














The recombinant human TNF has tumour necrotic activity in 
vivo as does rabbit serum TNF. As shown in Table 1, the 
recombinant human TNF causes intense haemorrhagic necrosis. 
in intradermal transplants of an undifferentiated adenocar- 
cinoma (colon tumour No. 26) in mice; tumour-free ‘survivors. 
were found in the treated group. This colon tumour line is highly 
malignant and rapidly metasisizing'””. 

Although the human TNF produced in E. coli cannot. be. 
compared directly with natural human TNF (which has yet-to 
be isolated) we believe that the purified human TNF produced 
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Fig. 2. Construction of plasmids. a, Plasmid pHGE; map derived 
“from sequencing information (described in Fig. 1. b, Plasmid 
pHNtac4 encoding the synthesis of human mature TNF in E. coli. 
Methods: pHGE DNA was digested completely with Xhel and 
Sall. The desired 750-bp fragment was isolated and digested com- 
pletely with HinclI and the resulting 250-bp and 450-bp fragments 
isolated. The 250-bp fragment was digested partially with Ddel 
ida 206-bp fragment was recovered. The four oligodeoxynucleo- 
tides shown above were synthesized by the modified triester 
method”. A mixture of these oligodeoxynucleotides was phos- 
phorylated using ATP and T4 polynucleotide kinase, then the 
206-bp fragment was added and the components ligated with T4 
DNA ligase. The product. was digested with BamHI and Hincll 
and a 260-bp oligodeoxynucleotide isolated from the digest. Plas- 
mid pGtacl110 contains the tac promoter from ptac!! (ref. 18) 
inserted in clockwise orientation in the HindIII site of PpBR327, 
‘followed by the sequence ATCTAT interposed between the initial 
G of the EcoRI site and the start codon of a coding sequence for 
y-interferon (C.W.T., Y. Takahashi and J. Rossi, unpublished 
results). The sequence of pBR327 resumes atthe Sall site. pGtac! 110 
was digested with BglII and Sall and the large vector fragment 
recovered. The 450-bp and the 260-bp fragments were ligated into 
this vector fragment; transformation of E. coli K-12 (D-1210) gave 
450 ampicillin-resistant colonies. Plasmid DNA was prepared from 
12 of these transformants and digested with HindIII. Two of these 
plasmids contained the desired 852-bp fragment; DNA sequence 
analysis verified that these plasmids had the desired sequence of 
promoter, synthetic DNA insert and genomic DNA. One plasmid 
; ; was designated pHNtac4. 





































© in E.coli has almost the same or an identical structure to the 
natural human TNF. If so, it seems probable that the recom- 
_ binant material thus produced may find application in therapy 
of cancer and possibly also of malaria”’~**. 

<- We thank Dr Bonnie Mills for assays of L-cell killing activity 
_ and Professor T. Maniatis for providing the Charon 4A A phage 
human’ genomic library. The research reported here was 
_ performed while T.S. and H.Y. were Visiting Research Fellows 

at the Beckman Research Institute of the City of Hope. Present 
“address is Technical Research Laboratory, Asahi Chemical 
Industry Co., Ltd., 2-1 Samejima, Fuji-Shi, Shizuoka, Japan. 

; Note added in proof: While this paper was in press, Pennica et 
: al” reported similar results from expression of cloned cDNA. 
_ The deduced amino-acid sequences are in complete agreement 

except for the assignment of the point of cleavage for mature 
NF. The overlapping nucleotide sequences differ in four non- 
coding positions: 440 (T), 2,462 (G), 2,553 (A) and 2,997 (A) 
(Fg. 1¢) against 125 (C), 1,053 (T), 1,144 (G) and 1,588 (G) 
(Fig. 1b in ref. 30). 
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Fig. 3 Purification and properties of mature human recombinant. 
TNF. a, Filtration on Sephacryl S-200; b, e, SDS-PAGE; d, isoelec-. 
tric focusing. 
Methods: Human TNF produced in E. coli was purified to` 
Homogeneity. The activity of human TNF during purification was 
monitored by mouse L-cell killing activity by a modification of the. 
method of Williamson ef al? using L-M cells (American Type : 
Culture Collection, CCL 1.2). The number of surviving cells was’: 
determined by the photometric method of Ruff and Gifford”’, Cells 
from a culture of E. coli K12 (D1210)/pHNtac4 in Luria broth 
containing 50 pg ml” ampicillin were collected by centrifugation 
and passed 10 times through a Manton-Gaulin press (Gaulin 
Corp.). The supernatant cell lysate had a specific activity of 32,000.. 

U mg”! of protein. The cell lysate was loaded onto a DEAE- 
Sepharose CL-6B (Pharmacia) column equilibrated with 20mM 
Tris-HCl, pH 8.0 and eluted at pH 8.0 with 20 mM Tris-HCI con- 
taining 100 mM NaCl, Fractions with L-cell killing activity were 
pooled and further concentrated in a polysulphone hollow fibre 
(Asahi) with an M, exclusion limit of 6,000. The concentrate was 
heated at 60 °C for 30 min with gentle stirring followed by filtration 
through a 0.24m membrane (Flow Laboratory, U.S.A.). The 
sample was loaded onto another DEAE-Sepharose CL-6B column 
(2.6 x11 cm) equilibrated with 20mM Tris-HCl, pH 8.0, 150 mM 
NaCl. The active material was eluted with 20mM_ Tris-HCl, 
150mM NaCl, pH 8 and the active fractions pooled and loaded 
onto a Sephacryl 8-200 column (Pharmacia) in 5mM sodium 
phosphate, 150 mM NaCl, pH 7.4. The active fractions correspon- 
ded to M,~ 45,000 with 41% recovery of TNF activity. This 
material of specific activity 1.4.x 10° U mg™! of protein, was used 
for characterization studies. a, The TNF sample was applied to 
Sephacryl S-200 column. M, was determined by previously cali- 
brating the column with known standard samples. (Blue dextran 
2000, bovine serum albumin { M, 67,000), ovalbumin (M, 45,000), 
chymotrypsinogen A (M, 25,000), cytochrome c (M, 12,500). b, 
Molecular size and homogeneity of protein preparations were 
determined by electrophoresis on 15% polyacrylamide gel with 
SDS”; proteins of known M, served as internal markers. After 
electrophoresis the gel was washed with distilled water for 1h and 
sliced in 2-5 mm pieces. The slices were extracted overnight with 
5mM sodium phosphate buffer, pH 7.4, containing 100 ug mi~’ 
of HCO-60 (polyoxyethylene hydrogenated castor oil derivative, 
Nikko Chemicals). c, As above, except that the gel was stained 
with Coomassie brilliant blue R-250. Lane 1; TNF from preparative... 
PAGE; lane 2, M, markers: phosphorylase B (94,000), albumin 
(67,000), ovalbumin (43,000), carbonic anhydrase (30,000), trypsin 
inhibitor (20,000), a-lactalbumin (14,400). d, Isolelectric focusing 
of a cell lysate was performed as described in ref. 29. After focusing 
the gel was sliced, extracted overnight with 5mM sodium phös- 
phate buffer, pH 7.4, containing 100 ug ml~' of HCO-60 at 4°C; 
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The glycoprotein hormone erythropoietin regulates the level of 
oxygen in the blood by modulating the number of circulating 
erythrocytes, and is produced in the kidney'~* or liver™® of adult 
and the liver’* of fetal or neonatal mammals. Neither the precise 
cell types that produce erythropoietin nor the mechanisms by which 
the same or different cells measure the circulating oxygen con- 
centration and consequently regulate erythropoietin production 
: (for review see ref. 9) are known. Cells responsive to erythropoietin 
have been identified in the adult bone marrow’, fetal liver’! or 
adult spleen'”. In cultures of erythropoietic progenitors, eryth- 
‘Fopoietin stimulates proliferation and differentiation to more 
mature red blood cells. Detailed molecular studies have been 
‘hampered, however, by the impurity and heterogeneity of target 
cell populations: and the difficulty of obtaining significant quan- 
tities of the purified hormone. Highly purified erythropoietin may 
_ be useful in the treatment of various forms of anaemia, particularly 
n- chronic renal failure'*-'*. Here we describe the cloning of the 
human erythropoietin gene and the expression of an erythropoietin 
CDNA clone in a transient mammalian expression system to yield 
a- secreted product with biological activity. 


Fig. 1 Northern analysis. of human fetal 
liver mRNA. Human fetal liver (5 pg) and 
adult liver mRNA (Sug) were elec- 
trophoresed in a 0.8% agarose/formal- 
dehyde gel and transferred to nitrocel- 
lulose as described previously*'. An eryth- 
ropoietin-specific single-stranded probe 
was prepared from an M13 template con- 
taining the 87-bp exon of the human eryth- 
ropoietin gene; the primer was a 20 mer 
derived from the same tryptic fragment as 
the original 17 mer probe. The *?P-labelled 
probe was prepared as described pre- 
viously* except that after digestion with 
Smal, the small fragment was purified 
from the M13 template by chromatogra- 
phy on a Sepharose CL4b column in 0.1 M 
NaOH/0.2 M NaCl. The filter was hybrid- 
ized to ~5 x 10° c.p.m. of this probe for 
12h at 68 °C, washed in 2xSSC at 68°C 
and exposed for 6 days with an intensify- 
ing screen. Marker mRNAs of ~2,200 
and 1,000 nucleotides (indicated by 
arrows) were run in an adjacent lane. 





































Methods. Erythropoietin was purified as described previously”: 
except that the phenol treatment was eliminated and replaced by 


heat treatment at 80°C for 5 min to inactivate neuraminidase and 
the final step in the purification was fractionation on a C-4 Vydac 
reverse-phase HPLC column (Separations Group) using a 0:95% 


acetonitrile gradient in 0.1% trifluroacetic acid (TFA) over 100 mins 


The position of erythropoietin in the gradient was determined by 
gel electrophoresis and N-terminal amino-acid sequence analysis'® 






of the major peaks and comparing sequences obtained with those; 


previously reported for erythropoietin?! ™ 


erythropoietin was shown to elute at ~53% acetonitrile and rep- 
resented 40% of the total eluted protein. Fractions containing 
erythropoietin were evaporated to ~100 pl, adjusted to pH 7 with 
1M ammonium bicarbonate and digested to completion with 
TPCK-treated trypsin (Worthington) (2% w/w enzyme/substrate) 


for 18h at 37 °C. The tryptic digest was then subjected to reverse: 
phase HPLC using the conditions described above and the absorb-: 


ance at both 280 and 214nm monitored. Well-separated peaks 
were evaporated to near dryness and subjected directly to N- 
terminal sequence analysis'* using an Applied Biosystems Model 
470A gas phase sequenator. The sequences obtained are underlined 
in Fig. 2. Two of these tryptic fragments were chosen for synthesis 
of oligonucleotide probes. From the 
Phe-Tyr-Ala-Trp-Lys a  i7mer of 

i8 mer of 


overlapping 128-fold degeneracy 


Biosystems Model 380A DNA synthesizer. From the sequence 


Val-Tyr-Ser-Asn-Phe-Leu-Arg, two pools of 14 mers, each 48-fold — 


degenerate (5'd(TACTA'GETNAATSTTTSCT): pool TIY and 


S‘d(TACTA'GETSAATS TTT TT); pool IV), which differ at the © 


first position of the leucine codon, were prepared. The oligonucleo- 


tides were labelled at the 5’ end using polynucleotide kinase (New | 
England Biolabs) and [ y- P]ATP (NEN). The specific activity of. 


the oligonucleotides varied between 1,000 and 3,000 Ci mmol”! 
oligonucleotide. A human genomic DNA library in bacteriophage 
A** was screened using a modification of the in situ amplification 


procedure described originally by Woo er al“ and using 


tetramethylammonium chloride as the hybridization salt’ (see also 


tefs 45-47; K.J. et al, in preparation). Two independent phage: 
(designated AHEPOI and A HEPO2) hybridized to all three probes. 
DNA from AHEPO! was digested to completion with Sau3A and 
subcloned into M13 for DNA sequence analysis using the dideoxy 
chain termination method*’. Analysis of this DNA sequence 
revealed an open reading frame which precisely codes for the 
tryptic fragment used to deduce pool I. This open reading frame“: 


was contained in an 87-bp exon, bounded by potential splice 


acceptor and donor sites. Confirmation that AHEPOI and 
AHEPO? contain portions of the erythropoietin was obtained by. ~ 
identification, through further DNA sequencing of additional. 


exons encoding amino-acid sequences corresponding to: previously 
determined sequences of tryptic fragments of purified’ eryth- 
ropoietin (see Figs 2, 3). 





sequence Val-Asn- ` 

32-fold degeneracy 
(5'd( TTCCANGCG“TAG*AAG“TT); pool I) and. a partially 
(S*'d(CCANG: - 
CG*TAG*AAG“TTNAC); pool II) were prepared on an Applied 


. Using this approach, 











Fig. 2. Nucleotide and amino-acid sequence 
of an erythropoietin fetal liver cDNA. A 95- 
nucleotide probe identical to that described in 
Fig. l was prepared and used to screen a fetal 
“liver cDNA library in the vector ACh21A”° 
using standard plaque screening’? procedures. 
“Three independent positive clones (designated 
-NHEPOFL6 (1,350 bp). AHEPOFL8 (700 bp) 
“and AHEPOFL12 (1,400 bp)) were isolated fol- 
lowing screening of 1 x 10° plaques. The entire 
insert of AHEPOFL13 was sequenced following 
“subcloning into M13. The 5’- and 3’-untrans- 
“fated sequences are in lower case letters, the 
< coding region in upper case letters. Small filled 
“triangles indicate positions of introns as deter- 
mined from sequencing of the erythropoietin 
ne. (Fig. 3). The deduced amino-acid 
““-gequence is given above the nucleotide 
“sequence and is numbered beginning with 1 for 
the first amino acid of the mature protein. The 
putative leader peptide is indicated by capital 
ers for the amino-acid designations. Cys- 
teine residues in the mature protein are indi- 
cated additionally by SH and potential N- 
linked glycosylation sites by an asterisk. The 
underlined amino acids indicate those residues 
identified by N-terminal protein sequencing or 
“by sequencing tryptic fragments of eryth- 
ropoietin as described in Fig. 1. Partial under- 
lining indicates residues in the amino-acid 
sequence of certain tryptic fragments which 
could not be determined unambiguously, Par- 
tial DNA sequence analysis indicated that 
AHEPOFLS contained an additional 39 nucleo- 
tides of the 5'-untranslated sequence (see Fig. 
3)-and ended at the Arg codon at amino-acid 
osition 162, but was otherwise identical to 
AHEPOFL13 in the residues sequenced. Com- 
¿plete sequence analysis of AHEPOFL6 indi- 
“cated that it was identical to AHEPOFLI3 
except that the 5'-untranslated sequence and 
first 13 nucleotides of the coding region were 
bsent and replaced by the 3’ 107 nucleotides 
of the intron between exons I and II (see Fig. 
_ 3). Thus, the AHEPOFL6 cDNA clone seems 
“to be derived from a partially spliced mRNA 
that processed out correctly all intervening 
-séquences except for the one between exons I 
and IL 
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proximately 10 ug of human erythropoietin. was purified 
the urine of patients with aplastic anaemia and digested 
to completion with trypsin. The tryptic fragments were then 
_ purified by reverse-phase HPLC and subjected. to microsequence 
analysis (ref. 16; see Fig. 1). We prepared highly degenerate 
= synthetic oligonucleotides based on the amino-acid sequences 
and used these oligonucleotides to isolate the erythropoietin 
gene from a bacteriophage A library of human genomic DNA 
(see Fig. 1). 
The erythropoietin genomic clones were then used to deter- 
ine whether human fetal liver is a potential source of messenger 
RNA for complementary DNA cloning, because erythropoietin 
is released from mouse'’, sheep’? and human’ fetal liver. 
- Human fetal (20-week-old) and adult liver mRNAs were ana- 
lysed by Northern blotting using as a probe a 95-nucleotide 
“single-stranded fragment containing the 87-base pair (bp) exon 
described in Fig. 1. A strong signal was detected in fetal liver 
mRNA corresponding to an mRNA ~ 1,600 nucleotides in length 
(Fig. 1). An mRNA of identical size was detected weakly in 
adult liver mRNA and transcripts of ~2,000 nucleotides were 
cted weakly in both fetal and adult mRNA. The same probe 
as then used to isolate cDNA clones from a bacteriophage À 
cDNA library constructed from the fetal liver mRNA”. 
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The complete nucleotide and deduced amino-acid sequence 
for the largest of these clones (designated AHEPOFL13) is 
shown in Fig. 2. The erythropoietin coding information is con- 
tained in 579 nucleotides in the 5’ half of the cDNA and encodes 
a hydrophobic 27-amino-acid leader peptide followed by the 
166-amino-acid mature protein. The identification of the- N- = 
terminus of the mature protein is based on the N-terminal 
sequence of the protein secreted in the urine of patients with 
aplastic anaemia as determined originally by Goldwasser Abe? 
and later confirmed (Fig. 1 and ref. 23). The amino acids under- 


lined in Fig. 2 indicate the protein sequences obtained (see Fig. _ : 


1 legend) either from the N-terminus of intact erythropoietin 
or from purified tryptic fragments. The deduced amino-acid 
sequence agrees precisely with the protein sequence data, con- 
firming that the isolated cDNA encodes human erythropoietin.” 
To demonstrate that biologically active erythropoietin could. 
be expressed from the cloned cDNA, we performed transiént 
expression experiments in COS cells**, The vector (p91023B) 
contains the adenovirus major late promotor, a simian virus 40 _ 
(SV40) polyadenylation sequence, an SV40 enhancer and origin | 
of replication and the adenovirus virus-associated- (VA) 
gene**’*. Erythropoietin cDNA was inserted into the p91023B_ 
vector downstream of the adenovirus major late promotor (Fig. 
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Fig. 3 Structure of the erythropoietin gene. The relative sizes and positions of four independent genomic clones (AHEPO], 2, 3,.and 6). 
described in the text are illustrated by the overlapping lines in a. The thickened line indicates the position of the erythropoietin gene: The 

-region containing the gene was sequenced completely from both strands using an exonuclease HI generated series of deletions (C.S., unpublished. > 
observations) through this region. b, A schematic representation of five exons coding for erythropoietin mRNA. The precise 5‘ boundary. of © 
exon I is unknown (indicated by the broken box). The 5’ boundary of exon I shown here is derived from A HEPOFL8, which has a ‘untranslated oS 
region 39 nucleotides longer than that of A HEPOFL13. The protein coding portion of the exons are darkened. c, Complete nucleotide sequences ., 
of the region. Exon sequences are given in capital letters; intron sequence in lower case letters. The location of exons I-V are indicated by 
the bars with numerals on the left. Because of difficulties in interpreting sequencing gel data from the very G+ C-rich regions of exon 1, the 
level of certainty for exon I sequence is reduced slightly. : 











2). After transfection of this construct into COS-1 cells, eryth- As well as the clones described above (AHEPOIL and 
ropoietin activity was detected by assays of the culture super- AHEPO2), two other genomic clones (AHEPO3 and AHEPO6 
natant (Table 1). were isolated in subsequent screens of the human genomic 
us, the protein originally purified by Miyake et al?’ and library (Fig. 3a). Hybridization analysis. of the cloned DNAs _ 
containing the N-terminus Ala-Pro-Pro-Arg. . . is erythropoietin with oligonucleotide probes and with probes prepared from the _ 
(refs 21, 23; Fig. 2). Western blotting (using a polyclonal anti- erythropoietin cDNA clones positioned the erythropoietin gene _ 
‘erythropoietin antibody) indicates that erythropoietin produced in the 3.3-kilobase (kb) region in Fig. 3a. Complete sequence 

in COS cells has a mobility on SDS-polyacrylamide gels identical analysis of this region and comparison with the cDNA clones. 
to that of the native hormone prepared from human urine (data gave the map of intron and exon structure of the erythropoietin 
“not shown). gene (Fig. 3b, c); the erythropoietin mRNA is encoded’ by a 















Table 1 Assay for detection of erythropoietin activity 





; Assay method Activity 
In vitro CFU-E 2.0+0.5 Umi"! 
In vitro *H-thymidine 3.118 Um! 
c- In-vivo exhypoxic mouse 1Umt! 
“An vivo, starved rat 2.4 U m`’ 





The cDNA insert from AHEOPOFLI3 was inserted into the vector 
< p91023B (ref. 25) described in the text. Purified DNA (8 wg) was then 
“cused to transfect 5x 10° M6 COS cells’? using the DEAE-dextran 
method’: 12 h after transfection the cells were washed and exposed to 
media containing 10% fetal calf serum for 24 h. Cells were then changed 

to 4ml serum-free media and collected 48 h later. In vitro biologically 

active erythropoietin was measured using either a colony-forming assay 
~ with mouse fetal liver cells as a source of erythroid colony-forming units 
-({CFU-E)* or a *H-thymidine uptake assay using spleen cells from 
< phenylhydrazine-injected mice'*. Activities are expressed in units mii, 
-using a commercial, quantified erythropoietin (Toyobo, Inc.) as a stan- 
dard. The sensitivities of the assays are ~25 mU ml7!. In vivo biologi- 
“cally active erythropoietin was measured using either the hypoxic 
i mouse?” or the starved rat“? method. The sensitivities of these assays 
are ~100mU ml~!. No activity was detected in either assay from mock- 
‘conditioned media. In subsequent experiments with the same vector, 
expression levels as high as 25+ 3 U mi~’ ?H-thymidine assay method) 
have been observed. 


` Jeast five exons. Exons IJ, IH, IV and parts of I and V contain 
` the protein coding information, whereas the rest of exons I and 
“V encode the 5'- and 3’-untranslated sequences, respectively. 
Exon I is 80% G+C and is surrounded by sequences equally 
G+C-rich. The CpG dinucleotide frequency in this region 
(~10%) is not significantly under-represented as it is in the 
remainder of the gene (~2%) and thus suggests a region of 
igh methylation. The location of the actual cap site and the 
ymoter region are not yet known. 
The 166-amino-acid sequence deduced from the cDNA clones 
‘agrees precisely with our 102 amino acids of partial sequence 
of human urinary erythropoietin, including 25 residues at the 
_ N-terminus and 77 residues in 9 internal tryptic fragments. The 
equence differs at four positions from the N-terminal sequences 
yreviously published”'~*’, probably because of errors in interpre- 
tation or assignments in the original sequencing. The extent of 
“identity. between native human erythropoietin and the gene 
isolated here and the fact that we can detect only a single gene 
by genomic blotting with erythropoietin cDNA probes (data 
not shown) implies that the gene we have isolated is not a 
` pseudogene or a closely related variant of the erythropoietin 
< gene. If a second gene exists, it must be highly homologous over 
many. kilobases to the gene described here. 
‘We have assigned the N-terminus of the mature protein based 
onthe N-terminus of the protein released into urine of 
| individuals with aplastic anaemia, consistent with the hypothesis 
-that the preceding 27 highly hydrophobic amino acids constitute 
a ‘secretory leader peptide. One or more of the amino acids 
` preceding the presumed mature terminus may be normally 
-secreted with the remaining protein as a pro-form of eryth- 
_ ropoietin, later processed to the native N-terminus. Amino-acid 
"sequence analysis of tryptic fragments of urinary erythropoietin 
_ has not yet identified the fragment containing the C-terminal 
_. four amino acids (Thr-Gly-Asp-Arg; see Fig. 2). Thus, process- 
-ing of erythropoietin may occur at the C-terminus and some or 
all of the final four amino acids encoded in the cDNA may be 
- removed in this way. C-terminal sequencing of native eryth- 
_ ropoietin or identification of the fragment will be necessary to 
-answer this question. 
There are four cysteines in the 166 amino acids of mature 
-erythropoietin. Based on the sensitivity of the biological activity 
- of erythropoietin to reducing agents (ref. 28 and T. Shimizu, 
personal communication), at least two of these residues must 
be involved in a disulphide bond. 
In the mature protein there are three predicted sites of N- 
linked glycosylation (residues 24, 38 and 83) based on the 
consensus glycosylation site Asn-X-Ser/Thr’. Amino-acid 







































































































e agin 
and 83 are glycosylated (data not shown) (residue 4 
been examined). Native erythropoietin is highly glycosylated, 
displaying a complex, probably poly-antennary sugar struc- 
ture’. The relative molecular mass (M,) of the protein backbone 
deduced from the primary sequence is 18,398. As the reported 
M,s for native erythropoietin determined by SDS gel elec- 
trophoresis are in the range 34,000-39,000 (refs 27, 31), nearly 
one-half of the apparent M, of erythropoietin must be con- 
tributed by the sugar side chains. Whether any of the glycosyla- 
tion is the result of O-linked glycosylation is unknown. The 
terminal sialic acid residue(s) of native erythropoietin is required. 
for full in vivo biological activity but is not necessary for in vitro 
activity’. This effect may result from enhanced clearance of- 
asialylated erythropoietin from the circulation by the liver? 
The biological activity of a completely unglycosylated eryth- 
ropoietin may now be assessable using a recombinant system. 

Lee-Huang™ recently reported the isolation of an eryth- 
ropoietin cDNA clone from mRNA of a human kidney car- 
cinoma. As no sequence information was provided, we are. 
unable to compare the erythropoietin clones described here with 
the cDNA clone of Lee-Huang™*. Fyhrquist et al have sug- 
gested that renin substrate (angiotensinogen) may be the eryth- 
ropoietin precursor. Our results argue against a large precursor 
and comparison of the human erythropoietin amino-acid 
sequence with the rat angiotensinogen protein sequence” reveals. 
no regions of homology and further argues against any relation- © 
ship between the two polypeptides. Finally, extensive com- 
parison of the erythropoietin amino-acid and cDNA sequence 
with sequences contained in both the National Biomedical. 
Research Foundation and Genbank data bases has revealed no 
significant homology with any published sequence. 
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© Although promoter regions for many plant nuclear genes have 
been sequenced, identification of the active promoter sequence has 
been carried out only for the octopine synthase promoter’. That 
alysis was of callus tissue and made use of an enzyme assay. 
e have analysed the effects of 5’ deletions in a plant viral 
promoter in tobacco callus as well as in regenerated plants, includ- 
‘ing different plant tissues. We assayed the RNA transcription 
product which allows a more direct assessment of deletion effects. 
The cauliflower mosaic virus (CaMV) 35S promoter provides a 
model plant nuclear promoter system, as its double-strand DNA 
genome is transcribed by host nuclear RNA polymerase II from 
‘a CaMV minichromosome’. Sequences extending to —46 were 
sufficient for accurate transcription initiation whereas the region 
between —46 and —105 increased greatly the level of transcription. 
The 35S promoter showed no tissue-specificity of expression. 
The 35S promoter region was isolated as a BglII fragment 
extending from —941 to +208 with respect to the transcription 
-start site mapped for the 35S RNA found in CaMV-infected 
turnip leaves’. The polyadenylation site for the 19S and 35S 
CaMV transcripts located at +180 (ref. 3) was deleted, as 
described in Fig. | legend, to eliminate any possible processing 
-signals in the promoter fragment. A 3' deleted promoter fragment 
extending to +9 was deleted at its 5’ end (see Fig. 1) and 
fragments extending to —343, ~168, —105 and —46 were chosen 
for analysis. 

w An abbreviated human growth hormone gene (hgh)* was 
added as a test gene downstream to the 35S promoter deletion 
fragments. Information on plant cell recognition of animal gene 
-splice and 3’ polyadenylation signals obtained from analysis of 
hgh RNA transcribed in transformed plant cells will be oe 
ed elsewhere (A. Hunt, N. Chu, J.T.O., F.N. and N.-H.C., 
eparation). The 35S promoter-hgh chimaeric gene was inser- 
ted in the pMON178 tumour-inducing (Ti)-plasmid vector, a 
rivative of pMONI120 (ref. 5). Included in this vector is the 
opaline synthase (NOS) promoter placed 5’ to the neomycin 
phosphotransferase-II (npt-I1) coding region (NOS promoter- 
npt-Il gene), which is co-transferred with the 35S promoter-hgh 
gene into the tobacco genome and provides an internal standard 
for comparison of the activities from different 35S promoter 
deletion fragments. 

Following tri-parental matings™®, Agrobacterium tumefaciens 
containing both chimaeric genes was used to infect SRI 
Nicotiana tabacum cells by wounding? and co-cultivation®’. 
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Fig. 1 Construction of 35S promoter region fragments. A 1.15-kb 
Bgill fragment was subcloned from pCS101, a clone containing 
the entire Cabb-S CaMV genome’, into the BamHI site of pUC13. 
The resulting plasmid was linearized at the Sall site in the pUC13 
polylinker next to the 3’ end of the promoter fragment, digested 
with Bal31 exonuclease’, ligated to HindIH linkers and recircular- 5, 
ized. Clones were analysed for the extent of 3’ deletion by polyacry- eh 
lamide gel sizing of the Accl/ HindIll fragments and finally by) > 
dideoxy sequencing’? of subclones in pUC using the universal. 5 
primer. The plasmid containing a 3’ deletion fragment with the 
Hindill linker at +9 was linearized with Accl (site at ~391), 
digested with Bal31 exonuclease, ligated to Clal linkers and recir- 
cularized. Clones were analysed for the extent of 5’ deletion by 
polyacrylamide gel sizing of the Clal/ HindIII] fragment, follow: 
by dideoxy sequencing of subclones in pUC using either thi 
universal primer or primer generation by exonuclease HI di; 
tion”? - Above i is the sequence of the —105 to ~25 region of the: 
promoter'* with TATA-box, CAAT-box, inverted repeat and core 
enhancer sequence regions marked. 
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Fig. 2 Southern blot analysis of DNA from transformed tobacco. . 
calli. DNA was prepared, digested with EcoRI, electrophoresed 
on a 0.7% agarose gel and blotted onto a nitrocellulose filter's, A 
plasmid constructed to serve as the hybridization probe contains: 
a BamHI/Smal hgh gene fragment and a BamHI/ BglII npt-T 
gene fragment cloned into pUCI2 (GH-Neo24). The plasmid was * 
nick translated '° and Dee to the Southern blot by the method |. 
of Thomashow er al.'’. The following samples contain 15 ug of ie 
calli DNA transformed with: lane 1, —343 35S promoter-Ag ; 
A —168 35S promoter-hgh; lane 3, 105, 35S promoter-hgh; ki 
4, —46 355 promoter-hgh. Reconstructions of the NOS prom 
npt-1 gene and 355 promoter-hgh gene copy numbers co: 
15 ag of control untransformed plant DNA mixed with di 
-amounts of the pMONI78 plasmid containing the ~105 35 
moter-hgh gene: lane 5, 17 pg = | copy; lane 6, 85 pg=$ copies 
lane 7, 170 pg = 10 copies. The bands near the top of the filter in 
lanes 1-4 result from hybridization of the pBR322 sequences in 
the GH-Neo24 probe plasmid to pBR322 sequences in the 
integrated pMONI78 Ti vector. In lanes 5-7 the upper bands are. 
derived from other regions of the pMONI78 plasmid. 
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Fig. 3. Northern blot analysis of transformed tobacco calli tran- 
~S¢ripts: RNA was prepared Í from calli using guanidinium thiocyan- 
ate.as.a protein denaturant'* and polyadenylated RNA was isolated 
chromatography on poly(U)-Sepharose'®. RNA samples were 
atured with glyoxal, electrophoresed ona 1% agarose gel and 
ferred to nitrocellulose filters”’. The filters were hybridized 
h nick-translated probes'® for 40 h in 50% formamide, 5x SSC, 
2x Denhardt's, 20 mM sodium phosphate, 0.1% SDS and 100 pg 
‘ml’! denatured DNA. Filters were then washed in 2xSSC, 
0.1% SDS at 23 °C followed by 0.1 SSC, 0.1% SDS at 55°C for 
Lh. a, Purified DNA fragments from the npt-H (BamHI/ Hindlll) 
and hgh (BamHI/ Smal) genes labelled with approximately equal 
“specific activities (10° c.p.m. g`’) were hybridized to a filter con- 
taining 0.5-2 pg poly(A)” RNA from calli transformed with: 

“ tanel; control pMON vector; lane 2, —46 35S promoter- hgh; 
- Jane 3, -105 35S promoter-hgh; lane 4, —168 35S promoter-hgh,; 
lane 5, -343 35S promoter-hgh. b, Purified npt-II and hgh frag- 
ments were labelled so that the specific activity of the npt-Il 

fragment was approximately 10-fold lower than that of the hgh 
fragment. Hybridization was to 2g poly(A)" RNA from calli 
transformed with: lane 1, ~46 35S promoter-hgh; lane 2, —105 
35S. promoter-hgh. c, The GH-Neo24 plasmid described in Fig. 2 
“legend was used as the probe. Each RNA preparation was made 
-froma pool of several plants derived from different transformation 
events, but carrying the same 35S promoter deletion fragment. Gel 
> samples contain ~2 pg poly(A)” RNA from: lanes 1-4, RNA from 
- different parts of plants transformed with — 168 35S promoter-hgh; 
lane 1, roots; lane 2, petals; lane 3, stems; lane 4, leaves; leaf RNA 
from plants transformed with: lane 5, —343 35S promoter-hgh; 
lane 6, -168 35S promoter-Agh; lane 7, —105 358 promoter-hgh; 

lane 8, ~46 35S promoter-hgh. 
















__ Calli obtained by wounding were selected for kanamycin resist- 
ance (50 pg ml” ') and hormone independence. Plants were 
_ regenerated from co-culture with selection for kanamycin resist- 
“ance, making | use of the short transfer property of the split-end 
vector: system® which eliminates the T-DNA tumour genes. 
uthern blots of DNA extracted from transformed calli (Fig. 
owed the expected 1.58-kilobase (kb) EcoRI fragment 
ining the NOS promoter-npt-I] gene and a 1.7-2.0-kb 
fragment containing the 35S promoter- hgh gene, the size 
__ depending on the length of the specific promoter deletion frag- 
- ment involved, indicating that no rearrangements had occurred 
in these two genes. Comparison with reconstructions of gene 
ay numbers in lanes 5-7 indicate that the copy number of 
these two genes varies between different transformed calli, but 
that:there is an equal number of the two genes in each callus, 


















fa) 


t 


QANPQNO AON AMM 


4 










123 4 5 





polylinker hGH 5’ leader 
















































Cia} Hind ii Bam HI Ave it 


t 9 27 36 


transcription start 


3’ 72 5 
protected fragment 


Fig. 4 a, S, nuclease mapping”! of the 5’ end of the hgh transcript 
to the CaMV sequence. Total RNA (10 pg) from callus carrying 
the —168 35S promoter-hgh gene construction was hybridized to: 
the probe diagrammed in b in 80% formamide at 37 °C. Samples 
were digested in 100 p! with the following amounts of S, nuclease: 
lane 1, 12.5 U; lane 2, 25U; lane 3, 50 U. The same probe was 
sequenced using the Maxam and Gilbert technique”: lane 4,A+G 
reaction; lane 5, T+C reaction. All samples were electrophoresed 
on an 8% polyacrylamide/7 M urea gel. The DNA sequence 3 
surrounding the hgh RNA 5’ end is shown to the right. b, Diagram 
of S; probe and region protected by hgh RNA. A Clal/Avall 
DNA fragment extending from the 5’ border of the 35S promoter. 
fragment and into the 5’ leader region of the hgh transcript was: 
5’ end-labelled and strand separated on a polyacrylamide gel.” 
Between the probe’s labelled Avall end and the 5’ end of the hgh 
RNA are 72 base pairs of S,-protected sequence. 


supporting the assumption that the two genes are co-transferred.. 
into the tobacco genome. Thus, the NOS promoter-npt-II gene 
provides a control for variables inherent in the transformation 
system including copy number and integration site. 
Northern blots of poly(A)* RNA from transformed calli: 
carrying each of the 35S promoter deletions showed the expected 
npt-II transcript and also a 2.3-kb transcript that contains hgh 
sequences (Fig. 3). The 35S promoter is responsible for transcrip 
tion of the hgh RNA, as S, protection experiments indicate that 
the 5’ end of this RNA maps to the normal 35S transcription. 
start site (Fig. 4). All the deleted promoters initiate transcription. 
at the same site (data not shown). To compare the transcriptiona 
activities of the different deletions, the ratio of hgh to npt u 
transcripts was determined for each RNA sample. By quan 
ing silver grains eluted from bands on X-ray films’, the hgh/ npt- 
II ratios were: —46, 0.16/1; —105, 0.9/1; —168, 2.6/1; =343, 
3.1/1. The hgh/ npt-II ratio is the same for different RNA prepar- 
ations from calli transformed with the same deletion fragment- 
(data not shown). The —46 promoter fragment has an approxi- 
mately 20-fold lower transcription level than the —343 fragment, 
whereas the —105 fragment has a 3-fold decrease and the —168 _ 
fragment has no significant decrease in activity. We also found 











of T-DNA tanieri event involved (short verus long). 
t ern blots show that leaves of plants transformed with each 
he four 35S promoter deletions contain the same 2.3-kb hgh 
RNA found in transformed calli (Fig. 3c). By S, analysis the 5’ 
end of this leaf hgh RNA was found to be identical to that of 
the callus hgh RNA (data not shown). The effects of the deletions 
promoter activity in transformed plant leaves (Fig. 3c) closely 
resemble results described for the transformed calli. The 35S 
_ promoter was also active in roots, petals and stems of trans- 
formed plants (Fig. 3c), with deletions having no specific effects 
_ on tissue expression (data not shown). The ratio of hgh/npt-l 
transcripts is constant in the different tissues. Both transcripts 
appear reduced in the root RNA preparation, but this could be 
due to varying amounts of ribosomal RNA contamination in 
the polyadenylated RNA preparations. 

`- Here, we have shown that although the normal host range of 
. CaMV is limited to members of the Cruciferae, the 35S promoter 
is active when isolated as a fragment from the viral genome and 
integrated into the tobacco genome. Thus, accurate transcription 
‘from the 35S promoter does not depend on any trans-acting 
‘Viral gene products. The ability to regenerate tobacco plants 
from transformed protoplasts has allowed us to demonstrate 
that the 35S promoter is expressed in leaves, stems, roots and 
petals. 

Promoter deletion analysis in transformed calli and plants 
owed that a —46 fragment, which does contain a TATA-box 
sequence (see Fig. 1), produces a low level of correctly initiated 
_ transcripts. The region between —46 and —105 which greatly 
increases the level of transcription contains a CAAT-box 
sequence, an inverted repeat region and a sequence resembling 
the consensus core for enhancers in animal systems 
(GTGGSG) (ref. 10; see Fig. 1). We are investigating whether 
“one or more of these features plays a substantial role in increas- 
“ing the level of 35S promoter activity or could act to increase 
transcription from a foreign promoter. 

“We thank Dr Ken Richards for the CaMV clone, Dr Steve 
_ Rogers for pMON178 and Dr George Paviakis for the abbrevi- 
ated hgh gene. We also thank I. Roberson and K. Thurman for 
technical assistance and Dr M. Boutry and Dr G. Morelli for 
helpful discussions. This work was supported by a grant from 
the Monsanto Company. J.T.O. holds an NIH postdoctoral 
fellowship (5F32A106342). 












Received 3 September; accepted 4 December 1984, 


. Koncz, C. et al EMBO J. 2, 1597-1603 (1983). 
. Olszewski, G., Hagen, G. & Guilfoyle, T. J. Cell 29, 395-402 (1982). 
. Guilley, H., Dudley, R. K., Jonard, G., Balazs, E. & Richards, K. E. Cell 30, 763-773 (1982). 
. Paviakis, G. N. & Hamer, D. Rec. Prog. Harm. Res. 39, 353-385 (1983). 
x Fraley, R. T. et al. Proc. natn, Acad. Sci. U.S.A. 80, 4803-4807 (1983). 
.. Ditta, G., Stanfield, S., Corbin, D. & Helinski, D. Prac. narn. Acad. Sci, U.S.A. TI, 7347-7351 
(1980). 
7.. Marton, J., Wullems, G. S., Molendijk, L. & Schilperoort, R. A. Nature 277, 129-131 (1979). 
8: Horsch, R. B. et al. Science 223, 496-498 (1984). 
Suissa, M. Analyt. Biochem, 133, 511-514 (1983). 
| 1c Gluzman, Y. & Shenk, T. (eds) Current Communications in Molecular Biology (Cold Spring 
Harbor, New York, 1983), 
t1. Sakonju, S., Bogenhagen, D. F. & Brown, D. D, Cell 19, 13-26 (1980). 
2. Sanger, F., Nicklen, S. & Coulson, A. R. Proc. natn, Acad. Sci, U.S.A. 74, 5463-5467 (1977). 
13. Guo, L. -H. & Wu, R. Meth, Enzym. 100, 60-96 (1983). 
14 Franck, A., Guilley, H., Jonard, G., Richards, K. & Hirth, L. Cell 21, 285-294 (1980). 
CES Southern, E. M. J. molec. Biol. 98, 503- 517 (1975). 
16. Rigby, P. W. J., Dieckmann, M., Rhodes, C. & Berg, P. J. molec. Biol. 133, 237-251 (1977). 

17. Thomashow, M. F., Nutter, R. C., Montoya, A. L., Gordon, M. P. & Nester, E. W. Cell 
: 19, 1729-1739 (1980). 
8. Glisen, V., Crkvenjakov, R. & Byus, C. Biochemistry 13, 2633-2637 {1974}. 
9. Broglie R., Bellemare, G., Bartlett, S. G., Chua, N.-H. & Cashmore, A. R. Proc. natn, Acad. 
oe Sei. USA. 78, 7304-7308 (1981). 
H. Thomas, P. Proc. natn. Acad. Sci. U.S.A. 77, 5201-5205 (1980). 
-21 Berk, A. J, & Sharp, P. A. Cell 12, 721-732 (1977). 
22. Maxam, A. M. & Gilbert, W. Proc. natn. Acad. Sci. U.S.A. 74, 560-564 (1977). 





| virus in various mammalian cells 






John L. Yates, Noreen Warren & Bill Sugden : 


McArdle Laboratory for Cancer Research, University of Ww sco 
Madison, Wisconsin $3706, USA 













Epstein-Barr virus (EBV) infects human B lymphocytes, trans- 
forming the infected cells into dividing blasts that can prolife: 
indefinitely (see ref. 1 for a review). The viral genome of I 
kilobase pairs (kbp) is a plasmid in most transformed cell \ 
have identified a region of EBV DNA, termed oriP (nucleotic 
7,333-9,109 of strain B95-8), which acts in cis to permit link: 
DNAs to replicate as plasmids in cells containing EBV DNA‘. 
We have postulated the existence of a trans-acting gene allowing 
oriP function. Here we report that this gene lies in a 2.6-kbp 
region of the viral genome (nucleotides 107, 567-110, 176) which 
encodes the EBNA-1 antigen®*. We show that circular DNAs 
containing oriP, the EBNA-1 gene and a selectable marker repli- 
cate autonomously in cells derived from at least four developmental 
lineages and from at least three species. We also find that the 
one-third of the EBNA-I gene repetitive in sequence is not essential 
for the trans-acting function that EBNA-1 gives oriP. 

To map the gene encoding the proposed trans-acting function, 
overlapping segments of the EBV genome were first introduced — 
individually into the human thymidine kinase (TK)-negative — 
cell line 143, using a set of recombinant plasmids selected using 
the antibiotic G418 (ref. 5). These G418-resistant cell lines were _ 
transfected subsequently with the hypoxanthine-aminopterin 
thymidine (HAT)-selectable plasmid pA7TK or its derivative, | 
pTKBamC, which contains oriP. Only those G418-resistant cells. 
that carried EBV DNA mapping from BamHI-Z to Sall-F (Fig. 
la, b) supported pTKBamC as a plasmid. Three of four 143. 
clones carrying pBamZRSalF (termed 143/BamZRSalF) could: 
be transfected stably 5-30-fold more efficiently with the oriP- 
containing plasmid, pTKBamC, than with its parent, pårTK 
(Table 1, experiment 1). Analysis of DNA from the HAT- 
resistant clones showed that the 143/BamZRSalF cell lines 
efficiently transfected by pTKBamC contained it as a plasmid 
at two to four copies per cell (Table 1). 143 clones carrying all 
other regions of the EBV genome showed no increase in transfec- 
tion frequency-dependent on oriP and did not. contain: 
‘pTKBamC as a plasmid. These results imply that the EBV DNA 
spanning the BamHI-Z/ Sall-F fragment encodes the proposes 
trans-acting product which allows maintenance of oriP-bearing 7 
plasmids. Soe 

The only viral product encoded in this region of the genome 
and known to be expressed in EBV-transformed cells is the 
nuclear antigen EBNA-1. It is encoded in the BamHI-K frag- 
ment, which lies within the SalI-F fragment of EBV DNA‘®, | 
A 2.9-kbp BamHI/ HindIII subfragment of BamHI-K encodes’. 
most, if not all, of the EBNA-1 polypeptide”'® (see maps. of. 
Fig. 1). This 29- kbp subfragment was cloned into a G418= 
selectable plasmid containing the transcriptional enhancer of 
simian virus 40 (SV40), and the resulting plasmid, pSVoB-H2.9, 
was introduced into 143 cells. Two of five such cell lines, 
143/SVoB-H2.9 clones 1 and 4, expressed levels of EBNA:1. 
that could be detected by anti-complement immunofluorescence 
(our unpublished observations). When we transfected 
pTKBamC into these two 143-derived clones, we efficiently i 
selected HAT-resistant colonies in which one to three copies of 
the oriP-bearing plasmid were maintained per cell. (Table 1). 
Thus, the trans-acting product required for oriP function n aps ; 
in the 2.9-kbp region encoding EBNA-1. The SV40 enh 
was required for efficient expression of the trans-acting function — 
from the integrated 2.9-kbp fragment (data not shown). This — 
finding is consistent with the observation that the mRNA for. 
pares region is a 3.7-kb transcript beginning upstream of BamHI: 
Kit? z 
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Clonal, G418-resistant derivatives of 143 cells carrying integrated 
copies of the indicated plasmid were constructed as previously 
_ described*. Cell lines are named for the plasmid carried; for example, 
143/BamZRSalF carries pBamZRSalF (ref. 5). pBamZRSalF contains 
“the EBV DNA shown in Fig. la, 1b. ‘All others’ refers to different 143 
- clones carrying each of nine plasmids that span the remainder of the 
EBV genome’, Four clonal lines carrying each integrated plasmid were 
ested, pSVoB-H2.9 was constructed by inserting the 2.9-kpb 
| BamHI/ HindIII fragment of BamHI K (Fig. 1) between the BamHI 

and the HindIII site of pKan2 (ref. 5) and by inserting the origin- 
ntaining Hpall/ HindIII fragment of SV40 between the Cial site and 
Hindlll site of the resulting plasmid. Using the method of Graham 

id Van der Eb’, ~1 10° cells from each line were transfected with 
weg of plasmid DNA and selected after 24h in medium containing 
HAT or 150 pg ml”! hygromycin B (Calbiochem). The HAT-selectable 
vector pAwTK carries the tk gene of herpes simplex type 1 (see the 
< construction of pKan2 in ref. 5). pTKBamC is pAwTK carrying the 
oriP-containing BamHI-C fragment of EBV. pHEBo2 confers resistance 
e drug hygromycin B'? and carries oriP (ref. 14 and Fig. 1). pHyg 
entical to pHEBo2 except that it lacks the EBV sequences. Selected 
“colonies. were amplified and analysed for the presence of plasmid 
“molecules as shown in Fig. 2. The limit of detection was 0.2 copies per 
cell: In addition, pTKBamC was recovered from DNA of transfected 
143/BamZRSalF clones | and 2 by transformation of E. coli and shown 
“not to be rearranged, as described previously". For ‘all others’, a single 
HAT-resistant clone from one line carrying each region of EBV DNA 
ialysed. Using a probe specific for the oriP region, each of these 

s shown to carry integrated copies of pTKBamC. ND, not determined. 

Although the transfection efficiency of these lines varied by more 
“10-fold, the ratio of the number of colonies obtained with 
pTKBamC to the number obtained with pAwTK was between 0.3 and 
“0.8 for every cell line. 
+The fraction of 143/SVoB-H2.9 clone 4 cells that can be stably 
sfected with pHEBo2 is 0.5-1%, close to the 1-2% that can be 
ransfected with SV40 DNA to express T antigen transiently. 


We constructed plasmids carrying oriP, the EBNA-! gene 
and a selectable marker and found that they replicated 
autonomously in a variety of cultured cells. Because many cell 
lines ‘are resistant to high concentrations of G418, we first made 
“the oriP-bearing vector pHEBo2, which confers resistance to 
“the drug hygromycin B'*'* (Fig. 1). pHEBo2 was >100-fold 
- more efficient in conferring drug resistance to 143 cells express- 
‘ing EBNA-1 than to the same number of control cells (Table 
1, experiment 3). A similar effect of the EBNA-I gene was 

‘rved when it was inserted in pHEBo?. Five different deriva- 

ves of pHEBo? carrying the EBNA-! gene yielded hygromycin 

istant colonies 10-100 times more efficiently than did 

: pHEBo2-when transfected into HeLa cells; all five were 
maintained as plasmids in the resistant cells (Fig. 1b). 
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Fig. ł a, Map of linear, Epstein-Barr viral DNA indicating al 
but the smallest BamHI restriction endonuclease fragments’? and ` 
the positions of oriP and the EBNA-!Igene. The vertical lines 
represent the terminal repetitions found in the viron DNA. b, 
Structure and function of plasmids carrying oriP and the EBNA-I 
gene. The vector pHEBo?2 is shown at the bottom, linearized at 
the EcoRI site derived from pBR322. Its construction is described 
elsewhere'*. The bacterial gene for hygromycin B resistance’? is’: 
expressed using the promoter and polyadenylation signals of the: 
herpes simplex tk gene (hatched boxes). OriP is present on` 
Ssti/ Sst{l fragment of EBV DNAS (open box). The relevant EB) 
BamHI and Sall fragments are shown at the top. The a 
represents the open reading frame BKRF1'° (EBNA-1), wit 
thickened part representing the triplet repeats. In the middle of | 
the figure, plasmids are represented by the DNA segment insertec 
into pHEBo2. Inserts of the first three plasmids are between the 
BamHI and Sali sites of pHEBo2. For p201 and p205, the DNA: 
was inserted by blunt-edged ligation between HindIII and Sphl 
sites. The orientations of all inserts relative to the vector are as 
shown. p174 was derived from p154 by deletion of the DNA 
between the Xhol sites shown. The insert of p205 carries a 700+ ` 
20-bp deletion at the site of the triplet repeats. The triplet repeat ` 
array is 717 bp long in the B95-8 strain’? from which the EBNA-1 
gene was cloned. The deletion was obtained by subcloning from 
the Ch4A clone EB 62-71 in which this region spontaneously 
deletes’*. We have not determined the sequence at the boundaries 
of the deletion, but note that deletion of the triplet repeats: by 


homologous recombination would preserve the reading frame. Av. 


similarly obtained deletion was reported to be in frame”. All 
restriction enzyme cleavage sites relevant to this report are indi- ` 
cated for the insert of p154. B, BamHI; Bc, Bcll; Bg, Bglll; E, 
EcoRI; H, HindIH; K, Kpn1; P, Poull;S, Sall; Sp, Sphi; X, Xho, 
Methods. Plasmids were tested by transfecting 1 x 10° HeLa cells 
as described in Table | legend and selecting for resistance to 
hygromycin B at 150 ug ml7'. Resistant colonies were counted 
after 11-21 days of selection, trypsinized and carried or expanded | 
for 18-23 population doublings. The amount of free plasmid pres- 
ent in the cell populations was determined as shown in Fig. 2a, 
except that DNAs were usually not digested with endonucleases. . 
The average of determinations from at least two independent 
transfections is shown. ri 
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Fig. 2 Analysis of EBV-derived plasmids in transfected cells. 
DNAs were separated by electrophoresis in 0.5% agarose and 
detected by the method of Southern”’ using the plasmid pHyg as 
probe, labelled isotopically to a specific activity of 2-4x 
10° c.p.m. wg” !. a, DNA was isolated from supernatants of Hirt 
extracts”? of 2x 10° hygromycin B-resistant MA134 cells (a pool 
of 34 clones) or D17 cells (individual clones) transfected with the 
> indicated plasmids. DNAs were linearized by cleavage with the 
» following enzymes: MA134 or D17 plus p154 with Bell, D17 plus 
PHEBo? with HindIII, pHEBo?2 standard with HindHI, and p154 
standard with KpnI. Cleavage of p154 DNA isolated from the 
MAI34 and D17 cells by Bell shows that the plasmid had lost its 
methylation, and hence, had replicated. b, Total DNA from | x 10° 
cells of three D98/AH2 clones carrying p154 was analysed after 
digestion with BglII. A long exposure of the autoradiogram (96 h) 
is shown to demonstrate the absence of any additional bands which 
could result were vector sequences integrated. This experiment 
does not eliminate the possibility that these lines could carry 
integrated fragments of p154 which lack homology to pHyg. The 
= positions and sizes in kbp of DNA size markers, A DNA cut with 
f EcoRI and Hindli, are indicated. 


That the smallest of these plasmids, p201 and p205, work 
efficiently implies that the trans-acting function required by oriP 
maps entirely in a 2.6-kbp BamHI/ Poull fragment and does 
not include all of the EBNA-] coding sequences (Fig. 1b). 
Between the BamHI site and the PvuH site lies an open reading 
‘frame of the correct size to encode the EBNA-1 polypeptide’. 
About one-third of this open reading frame is a repetitive 
sequence of glycine and alanine codons which encodes part of 
EBNA-1”* (arrow in Fig. 1b). A spontaneous deletion of the 
repetitive region of the EBNA-I gene was obtained from a 
¿recombinant bacteriophage clone grown in recA* Escherichia 
-coli'*. If deletion of the triplet repeats occurred by homologous 
; recombination, the reading frame would be preserved. A similar, 
spontaneous deletion was observed by Fischer et al. to be in- 
frame’. We found that p205, which carries this deletion, repli- 
cates more efficiently than p201 (Fig. 1b), indicating that most 
or all of the triplet repeats are dispensable for the trans-acting 
function that the EBNA-/ gene product gives oriP. 

<= These experiments do not imply that transcription of the 
EBNA-! gene. on any of the described plasmids occurs as it 
-does from the viral genome. If the EBNA-1 gene is placed on 
-pHEBo2 in the opposite orientation to that shown in Fig. 1b, 
it fails to function unless a transcriptional enhancer is provided 








al ility of EBV-derived replicons to function in cells of various 
origins a 
Frequency Plasmid 
Cell of stable molecules 
line Plasmid transfection per cell 

Human 

D98/AH2 pis4 1x104 7,12144 

143 p172 2x104 1,10 

143 pHEBo2 5x107 0 

293 pi54 1x107 35 

293 PHEBo2 2x10 0 

Wilson pl74 3x107 10, 16 

Wilson pHEBo2 <2x1077 _ 

K562 pl72 2x 107% 9,27,90 
Monkey 

MAI34 p154 3x107 5 

MAI34 pHEBo2 <5x1077 Ea 
Dog 

DI7 pis4 6x107 1.5,5,5 

D17 pHEBo2 2x107? 0 
Rodent 

BALB/c3T3 pl74 1x10 o* 

BALB/c3T3 pHEBo2 1x1074 0 

HTC-A p172 9x107 0 

v79 pl74 9x104 0, 6, 0* 





Plasmid DNAs (Fig. 1b) were introduced by the calcium phosphate | 
method for all cell lines except K562 and Wilson, for which fusion with | 
E. coli spheroplasts”’ and electroporation’, respectively, were used’as - 
described elsewhere'*. Transfected cells were selected with the following | 
concentrations of hygromycin B {ug ml~'): D98/AH2 (ref. 23), 143 (ref, 
24), 293 (ref. 25), BALB/c3T3 and MA134, 150; D17 (obtained from 
American Type Culture Collection), 200; Wilson (obtained fram Dr 
lan McGrath), K562 (ref. 26) and V79, 300; HTC-A (obtained from Dr 
H. Pitot), 500. < indicates that no resistant clones appeared within the’ 
number of cells tested. No resistant colonies arose from any cell line“ 
without transfection. To determine the number of plasmid molecules: 
per cell, individual colonies or pools of colonies were amplified and 
their DNAs analysed as in Fig. 2, using pHEBo2 DNA as a probe. | 
Limits of detection were <0.2 copies per cell. Where pools of colonies. 
were analysed, a single value is given. Where individual colonies were 
analysed, the value obtained for each clone is given. 

* These resistant colonies, obtained from the rodent cell lines, were 
shown to carry integrated vector sequences. In addition, BALB/c3T3 
cells carrying integrated pSVoB-H2.9 and expressing levels of EBNA‘1 
detectable by anti-complement immunofluorescence could not maintain 
the oriP-bearing plasmid pHEBo?2 (limit of detection 0.06 copies per | 
cell). l ee 


(data not shown). The expression of the trans-acting function: 
obtained with plasmids such as p201 may depend on a pro: | 
moter(s) present on pHEBo2, perhaps one of those found near _ 
the bacterial ampicillin resistance gene’®'’. ae 
EBV-derived replicons, plasmids carrying both oriP and the. 
EBNA-! gene, have been introduced into a variety of cell lines 
(Table 2). Figure 2 shows the ability of these plasmids tọ replicate 
in human D98/AH2 cells (of epithelial origin), MA134 African 
green monkey kidney cells and D17 dog fibrosarcoma cells. 
PHEBo2, which lacks the EBNA-/ gene, was not found asa 
plasmid in the D17 cells (Fig. 2a). Plasmid p154, which is 
pHEBo2 plus the EBNA-/ gene on an | 1-kbp insert, was present. 
as a plasmid at about five copies per cell in a pool of hygromycin 
B-resistant clones of MA134, at 1.5-5 copies per cell in three 
clones of D17, and at 7-14 copies per cell in three. clones of 
D98/AH2. Cell clones carrying p154 as a plasmid generally do _ 
not have vector sequences integrated into the host chromosomes _ 
(Fig. 2b). In addition to functioning in human cells of epithelial 
and fibroblast origin, EBV-derived plasmids were found to be 
maintained in Wilson cells, an EBV-negative, human B- 
lymphoma cell line, and in K562 cells, a human erythro- 
leukaemia cell line, but not in three cell lines from rodents 
(Table 2). : 

















rate of loss of the EBV-derived replicon, p154, in popula- 

tions of D98/AH2 grown in the absence of selection was deter- 
mined using a clonal assay described previously". In the three 
clones carrying p154 analysed in Fig. 2b, the plasmid was lost 
‘at rates of 2, 3 and 5% per generation (measured at 18 and 27 
generations after removal of the drug). The loss of hygromycin 
resistance in dividing cells in these three populations is con- 
sistent with the absence of integrated copies of the plasmid (Fig. 
°2b). This rate of loss is the same as that for oriP-bearing plasmids 
in cells containing EBV DNA’. Thus, the EBNA-! gene permits 
maintenance of oriP-bearing plasmids as efficiently as does 
of EBV DNA. 
‘The wide host range and maintenance of the EBV-derived 
plasmids is in marked contrast to the replication of plasmids 
_derived from BPV and SV40; BPV-derived plasmids have not 
_been reported to replicate in cell lines derived from species other 
-than mouse or rat, and those derived from SV40 are not usually 
“maintained as plasmids". For the human, monkey and dog cell 
lines: mentioned here, we have not observed integration of plas- 
mids carrying oriP and a functional EBNA-/ gene. There is no 
‘reason to believe that such plasmids cannot be integrated into 
‘host: chromosomes, however, as the entire EBV genome has 
_been found integrated in more than one instance’’, Our results 
that EBV-derived replicons are more often maintained 
is plasmids than as integrated molecules in the non-rodent cells 
e have studied. That EBV-derived plasmids can be maintained 
‘ina variety of mammalian cells makes them useful for introduc- 
ing genes into these cells and for isolating molecular clones of 
genes from these cells. In particular, plasmids containing both 
oriP and the EBNA-! gene should be essential vehicles for 
identifying and analysing those viral genes that, in addition to 
riP and EBNA-1, are needed to transform human B lym- 
acytes. 
We thank Linda Gritz and Julian Davies for providing us 
h their plasmid carrying the hph (hygromycin B-resistance) 
ne before its publication, Bart Barrell and co-workers for 

iding EBV DNA sequences before publication and David 
eisman for a clone of the EBNA-1 gene with the deletion of 
ie triplet repeats, This work was supported by USPHS grants 
22443, CA-97175 and 5 T32 CA-09075. B.S. was supported 
'aculty Research Award 023 from the American Cancer 
Society. 
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Deficiency of ornithine transcarbamylase (OTC; EC 2.1.3.3), a 
hepatic mitochondrial enzyme involved in the detoxification 0 
ammonia'”, is a severe inborn error of metabolism. It is an X-linked 
disorder’ which results characteristically in ammonia intoxica-’ 
tion, protein intolerance and mental retardation. Early death of. 
affected hemizygous male infants is common, while clinical 
manifestations in heterozygous females are variable due to random | 
X-chromosome inactivation’. Prenatal diagnosis by amniocen- 
tesis has not been feasible because OTC is not expressed in- 
amniocytes and because no unusual metabolites can be detected 
in amniotic fluid. Fetal liver biopsy has been performed for some 
families at risk, but the dangers inherent in this procedure severel 
limit its usefulness. In this report, we describe the use of a nearly. 
full-length cloned human cDNA’ to begin to characterize normal 
and mutant human OTC genes. One of 15 affected males was 
found to have a partial deletion of the OTC gene. Two distinct. 
restriction fragment length polymorphisms (RFLPs) were iden- 
tified at the OTC locus using the restriction endonuclease MspI; 
69% of women tested were heterozygous for one or both poly- 
morphisms. Identification of these common polymorphisms makes 
it possible to offer prenatal diagnosis to a large fraction of obligate 
carriers and to provide information on carrier status to some 
females at risk. 

In an initial experiment, high relative molecular mass (M,) 
DNA from two control females was digested independently with 
restriction endonucleases Bg/I, EcoRI, Sst], and BamHI and 
analysed by DNA blot hybridization using the OTC cDNA as 
probe. No differences between the two controls were detected 
using these four enzymes. The total size of the gene, estimated 
by addition of the fragment lengths obtained with any one 
enzyme, is at least 25-30 kilobases (kb). In a further experiment, 
the hybridization intensities of all bands showed a clear X- 
chromosome dosage effect when DNAs from cell lines contain- 
ing one, two, or four X chromosomes were analysed, indicating 
that all of the hybridizing fragments. are localized to the X 
chromosome (not shown). The possibility that there are OTC 
pseudogenes on the X chromosome has not been eliminated. 

Figure | depicts the hybridization patterns following HindIII 
digestion of DNA from seven OTC-deficient males. The pattern 
from the DNA of six of the patients is indistinguishable from 
that of controls, whereas the pattern from the DNA of one 
patient (lane 6) does not include the 3.1-kb band. Digestion of 
this patient’s DNA with five other restriction endonucleases 
indicated that one hybridizing band was absent with each 
enzyme; no new bands were detected (not shown). This partial 
deletion has been localized to the 3’ portion of the gene, based 
on hybridization experiments with 3’-fragments of the OTC 
cDNA (not shown). To date, we have examined DNA from 15 
OTC-deficient males and have identified only this one with a 
gene deletion. 

Because a substantial proportion (up to one-third) of cases 
of an X-linked lethal disorder may be due to new mutations”, 
we examined the DNA from the mother and maternal aunt of 
patient 6 to determine if they were carriers for this deletion.” 
Figure 2a shows the middle portion of a blot of EcoRI-digested =- 
DNA from two control females (lanes 1,2), the maternal aunt 
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Fig. 1 Southern blot analysis of DNA from OTC-deficient males. 
High M, DNA was prepared from peripheral blood lymphocytes 
or cultured skin fibroblasts by established procedures'’. Briefly, 
the lymphocytes were collected by centrifugation of whole blood, 
removal of plasma by aspiration and lysis of red blood cells with 
sterile water. The lymphocytes were pelleted and digested in 1% 
SDS-proteinase K (Boehringer-Mannheim, 100 pg ml7') at 50°C 
for 3h. Cultured cells were washed in phosphate-buffered saline 
before collecting by SDS-induced lysis and digestion under the 
same conditions. The solution was phenol extracted, and the 
nucleic acids were ethanol precipitated, dissolved and treated with 
RNAase A (Sigma, 100 ug ml~') at 37 °C for 3h. The solution of 
high M, DNA was then phenol extracted and dialysed extensively 
before use. Five pg DNA were digested with HindIII at 10 units 
per pg DNA; the digests electrophoresed in 0.8% agarose gels 
and UV-nicked, single-stranded DNA fragments were transferred 
to nitrocellulose by the method of Southern'*. The filters were 
baked at 80°C for 2h in vacuo and incubated at 65 °C for 6-20h 
in 0:75 M NaCl, 0.075 M sodium citrate, 5 x Denhardt's solution, 
0:05 M sodium phosphate buffer, pH 6.5, 100 pg ml! sheared, 
denatured salmon sperm DNA, 100 yg ml”! yeast RNA, and 
0001M EDTA, Hybridization was performed using the same mix- 
ture, with the addition of 7% dextran sulphate and 4 x 107 c.p.m. 
` of *?P-labelled denatured probe, at 65°C for 20h. The probe, 
plasmid | pHo73! containing the nearly full-length human cDNA 
for OTC’ (200 ng) was labelled by nick-translation'* using 50 aCi 
of [a-**P]dCTP (3,000 Ci mmol”', Amersham) and 5 units of 
Escherichia coli polymerase | (Kornberg polymerase, Boehringer- 
Mannheim} with no addition of DNase. The filters were then 
washed and exposed at —70°C to XAR-S film with intensifying 
screens. 


“(lane 3), the mother (lane 4) and the proband (lane 5). The 
band of interest (3.7 kb) is missing in the proband. In controls 
and in the maternal aunt, this band always has a stronger signal 
than that of the 3.4-kb band whereas in the mother’s pattern, 
the signal from the 3.7-kb band is about equal in intensity to 
that of the 3.4-kb band. Therefore, the mother can be designated 
as a carrier for the deletion and the aunt, whose pattern is 
indistinguishable from that of controls, presumably is not a 
carrier. Using MspI digests, a similar decrease in signal intensity 
is observed for a 17.5-kb band from the mother’s DNA (Fig. 
26, lane 3) when compared with that from a control female (Fig. 
2b, lane 1). This band is absent in the lane from her son’s DNA 
(Fig. 2b, lane 2). 

In this family (and any subsequent ones with major gene 
rearrangements), prenatal diagnosis will be feasible by qualita- 
tive analysis of the DNA of a male fetus, that is, by the presence 
or absence of specific band(s) in a Southern blot. Carrier detec- 
tion will be possible in these families on a similar basis, as long 
as the rearrangement or deletion produces a new hybridizing 
band(s). In cases in which no new band is detected (see the 
family in Fig. 2) carrier detection will require a quantitative 
analysis of the intensity of the hybridization signal of the band(s) 
of interest. Clearly, caution must be exercised when performing 
“such dosage blotting for diagnostic purposes. 

_ - The fact that only one OTC-deficient male with a gene deletion 
has been identified in this study suggests that most of the 
clinically significant mutations at this locus are minor dele- 
tions/insertions or single base substitutions, as reported for the 
' B-thalassaemias’. In the majority of these cases, RFLPs, vari- 
ations in DNA fragment lengths which result from DNA base 








DNA from two control females (lanes 1, 9), the material ‘aunt 
(lane 3), the mother (lane 4), and the proband (lane 5) were | 
digested with EcoRI and analysed by Southern blotting {see Fig.: 
1 legend). Only the middle portion of the blot is shown for com- 
parison of hybridization intensities of the band of interest (3:7 kb) 
which is missing in the proband. b, 3g DNA from a control 
female (lane 1), the proband (lane 2), and his mother (lane 3) 
were digested with MspI and analysed as described in Fig. | legend. 
Ethidium bromide staining of the gel (not shown) indicates that“ 
equal amounts of DNA are present in each lane. The DNA of the 
proband is missing a 17.5-kb band; all other differences in the.” 
restriction patterns between lanes are RFLPs (a band at 5.1 kb in | 
lane 3 is reproduced poorly). bas 
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Fig. 3 Haplotype analysis of RFLPs revealed by Mspl digestion. .: 

5 ug DNA from seven OTC-deficient males (same individuals as... 

in Fig. 1) were digested with MspI and analysed by Southern 

blotting as described for Fig. 1. The haplotype designations are: 

A, 6.6- and 5.1-kb bands; B, 6.6- and 4.4-kb bands; C, 6.2- and © 

5.1-kb bands; and D, 6.2- and 4.4-kb bands. The patient in lane é 
has a gene deletion (see Fig. 2 and text). 


changes at restriction endonuclease recognition sites'®, can be 
used diagnostically to detect the presence of the mutant gene. 

We have found two different RFLPs at the OTC locus using: 
the enzyme Msp! (Fig. 3). DNA from the seven affected males. 
discussed in Fig. 1 yields five invariant bands, at 17.5, 5:4, 3.5, 
2.0 and 1.9kb (the bands at 3.5 and 2.0 kb are sometimes not 
observed under more stringent washing conditions). The variant. 
bands in one polymorphic set are 6.6 and 6.2 kb-in length: the 
bands in the second set are 5.1 and 4.4 kb. The hybridization 
pattern from the DNA of each male contains only one band 
from each polymorphic set. We have assigned haplotypes to the 
four possible combinations: an X chromosome with. haplotype 
A shows the 6.6- and 5.1-kb bands; B, the 6.6- and 4.4-kb bands: 
C, the 6.2 and 5.1 kb bands; and D, the 6.2 and 4.4 kb bands, 
All four possible haplotypes (Fig. 3) are represented in the blot 
from the seven OTC-deficient males. In family studies (not 





Fig. 4 Hapi type analysis in families affected 
with OTC deficiency. a, Haplotype analysis of 
women in an OTC family. Three ug DNA from 
< amale with OTC deficiency (lane 1), his mother 
(lane 2) and his maternal aunt (lane 3) were 
ested with MspI and analysed as described 
inthe Fig. 1 legend. b, Carrier evaluation by 
haplotype exclusion in an OTC family. Three 
we DNA from the affected male (individual 

«| L2), his mother (individual H-6), his maternal 
aunt (individual II-2) and his grandmother 
(individual 1-2) were digested with MspI and 
analysed as described in Fig. 1. Haplotypes 
were. assigned as indicated in the Fig. 3 legend. 
-The haplotypes in parentheses were inferred 
from the haplotypes of other members of the 
family-and from clinical information; (*) refers 
to the haplotype of the X chromosome which 
umably carries the OTC mutation. c, Car- 
evaluation by assignment of a spontaneous 

ion. Three ug DNA from an affected male 

ual HI-1), his mother (individual H-4), 
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ndividual I-$), his maternal uncles (individuals H-1, H-2) and his maternal aunt (individual 11-3) were digested with MspI and A 
described in Fig. 1. Haplotypes were assigned as discussed in Fig. 3 legend. The parentheses indicate that the haplotype » was 


rom the other haplotypes in the pedigree. 


shown) they segregate in a mendelian fashion. The frequency 
of each haplotype has been evaluated by analysis of DNA from 
35 unrelated control women. The frequency of the A haplotype 
4g0,45; B,0.16; C,0.28; and D,0.11. Therefore, ~69% of women 
have different MspI-detectable haplotypes on their two X 
_ chromosomes, a finding that potentially can provide prenatal 
sis and carrier detection in families at risk. 
All women who are (1) heterozygous for RFLP haplotypes 
) obligate carriers for OTC deficiency are candidates for 
diagnosis. Figure 4a depicts the MspI blot analysis of 
‘om an OTC-deficient male (lane 1), his mother (lane 2) 
d his maternal aunt (lane 3). The mother, shown to be an 
carrier for OTC deficiency by a protein tolerance test"! 
ozygous for the A and C haplotypes. Because the pro- 
DNA shows the A haplotype, the OTC mutation must 
reside on the maternal X chromosome with the A haplotype. 
_We predict that all future sons with the A haplotype will be 
affected and all sons with the C haplotype will be unaffected. 
Each daughter who inherits the X chromosome with the A 
haplotype from her mother will, similarly, be a carrier for OTC 
deficiency. The maternal aunt (lane 3) also has A and C 
haplotypes but her OTC carrier status is undefined because a 
spontaneous mutation might have occurred in her sister’s 
romosome marked by the A haplotype. Nonetheless, the 
pic analysis is partially informative because, at the least, 
he aunt’s sons with the C haplotype will be unaffected. 
: o, it may be possible to assess carrier status by haplotype 
exclusion, as shown in the pedigree in Fig. 4b. The maternal 
aunt of the proband, individual l-2, was referred to us for 
prenatal information, although her OTC carrier status was 
undefined. The grandmother, individual 1-2, is presumably a 
ier because two sons died in the neonatal period. Her X 
chromosome with the OTC mutation must have had the D 
plotype, which was passed on to one of her daughters 
(individual Il-6) and subsequently to the proband (individual 
H-2).-Presumably the two maternal uncles also inherited the 
_X chromosome with the D haplotype. The maternal aunt did 
: not inherit the chromosome with the D haplotype and, therefore, 
-cannot be a carrier for OTC deficiency. 
Cartier status can also be assessed by assigning a spontaneous 
mutation to a particular individual or generation, as indicated 
in the pedigree in Fig. 4c. The haplotype of the grandfather 
ndividual I-1) was inferred based on the haplotypes of his 


daughters. Because the proband (individual III-1) inherited he 
X chromosome with the C haplotype from his healthy g 
father via his mother, a spontaneous mutation must have ¢ 


however, because it is highly nan that another spontaneous. 
mutation leading to OTC deficiency would have occurred in 
this pedigree. 
Because the nature of the mutation in OTC deficiency. is 
identifiable by DNA analysis in only a minority of patients, the 
identification of two common RFLPs at this locus is critical for 
providing prenatal information to obligate carriers for OT 
deficiency and for assessing carrier status. The underlying 
assumption in each of these analyses is, of course, that the , 
linkage of the mutation to a haplotype in a given family can be — 
established unequivocally, usually by examining the DNA ia : 
an affected or an unaffected male family member. $ 
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Escherichia coli contains three DNA polymerases that differ in 
their size, ability to interact with accessory proteins and biological 
function’. Monomeric DNA polymerase I (Pol 1) has a relative 
molecular mass (M,) of 103,000 (103K) and is involved primarily 
in the repair of damaged DNA and the processing of Okazaki 
fragments; polymerase II is of M, 120K, and polymerase IH has 
a M, of 140K, is responsible for the replication of the DNA 
chromosome and is just one of several proteins that are required 
for replication. DNA polymerases from bacteriophage as well as 
those of eukaryotic viral and cellular origin also differ with respect 
to their size and the number of associated proteins that are required 
for them to function in replication’. However, the template-directed 
copying of DNA is identical in all cases. The crystal structure’ 
-of the large proteolytic fragment of Pol I shows that it consists 
of two domains, the larger of which contains a deep crevice whose 

dimensions are such that it can bind duplex DNA. The T7 poly- 
merase consists of two subunits, the 80K gene 5 protein and the 
“host-encoded 12K thioredoxin of E. coli. We show here that 
there is an amino acid sequence homology between at least eight 
‘polypeptide segments that form the large cleft in the Klenow 
‘ragment and polypeptides in T7 DNA polymerase gene 5 protein, 
suggesting that this domain evelved from a common precursor. 
. The parts of the Pol I and T7 DNA polymerase molecules that 
“bind the DNA substrate appear to share common structural 
‘features, and these features may be shared by all of these varied 


The amino acid sequence of T7 DNA polymerase’ was com- 
-pared with the sequence® of the Klenow fragment using a pro- 
gram written by Peter Brick that followed the method described 
by McLachlan’. There were nine lengths of polypeptide in the 
Klenow fragment which showed significant amino acid sequence 
mology with segments of the T7 protein (Fig. 1). The se- 
quences of the aligned segments are given in Fig. 2 and the 
lengths and number of identical residues in these regions are 
given in Table 1. The ends of the homologous stretches can be 
identified only approximately. The nine homologous segments 
vary in length from 9 residues to 45 residues and show 38-58% 
identical residues, with only a single amino acid deletion in two 
of the peptides. The lengths of the polypeptides that connect 
the aligned regions differ considerably in the two proteins and 
therefore cannot be easily compared. 











“Table 1 Comparison of Klenow fragment and T7 DNA polymerase 











Region Length Identical Fraction Deletion . 
I 10 5 0.50 2 
H 45 20 0.44 I 
HI 44 18 0.41 l 




































IV 12 7 0.58 

Vv 14 6 0.43 ~ 
VI 9 4 0.44 = 
VH 12 4 0.33 ~ 
VHI 21 8 0.38 - 
FX 9 4 0.44 ~ 
Total 176 76 0.43 2 





Eight of the nine homologous segments are located in the 
C-terminal 400 residues of the Klenow fragment. The conserved 
regions comprise ~30% of the total Klenow sequence but make 
up 42% of the putative? DNA binding domain. The positions 
of the conserved segments in the C-terminal domain of the 
Klenow fragment are concentrated around the cleft that is pro- 
posed to bind DNA (Fig. 3). Six of the eight conserved regions 
border the DNA binding cleft and appear to cover most of its 
surface. Above the DNA binding cleft lies a 50-residue sub- 
domain of the protein that is partially disordered in the electron 
density map. We have suggested’ that this flexible subdomain 
may bind to the DNA, thereby closing off the cleft and allowing 
the protein to surround the bound DNA. The apparent flexibility, 
of this subdomain may be necessary to allow the DNA duplex 
to have access to the cleft. The function of this domain may be 
to increase the processivity of the enzyme by slowing its rate of 
dissociation from DNA. Almost all of this subdomain (peptide 
segment II, Figs 2-4) can be aligned with a sequence in the T7 
polymerase, with nearly 45% of the residues being identical. 
Thus, most of the Klenow structure that is thought? to be 
involved in binding the duplex DNA substrate appears to show: 
a high degree of amino acid sequence conservation between 
these two proteins. 

We find that the non-identical amino acids that lie within the 
conserved regions of polypeptide can be incorporated into the 
model of the Klenow fragment without severe steric or electro- 
static consequences. Using the Evans and Sutherland picture 
system 300 (see ref. 8), we examined those amino acid positions 
within the conserved stretches at which there are non-identical 
residues in the two polymerases. Those residues that are charged 
and differ between the two enzymes all lie on the surface of the 
molecule. Those residues that lie in the interior of the Klenow 
fragment structure are either identical in the two proteins or 
conservative in the nature of their difference. 

Between the eight conserved segments in the large domain 
lie nonconserved stretches of polypeptide, all in regions of less 
regular secondary structure and all containing a loop of polypep- 







Fig. 1 Stereo drawing of the a-carbon: 
backbone of the large domain of the Klenow- 
fragment. Included is the DNA backbone 
of a duplex DNA substrate model-built into. . © 
the Klenow fragment. The eight stretches of 
polypeptide that appear to. be homologous 
between the larger C-terminal domain of the. 
Klenow fragment and T7 DNA polymerase — 
are shown in heavier lines. These polypep- : 
tides form the interior surface of the cleft: 
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Fig. 2 Pol I and T7 polymerase sequence homologies. 


de that lies on the surface (Figs 1, 3). Each of the additions 
etions in the length of the polypeptide can be accommo- 
| in the structure of the Klenow fragment. These loops 
| probably be modified without altering the conformation 
of the cleft. The amino-terminal half of the T7 DNA polymerase 
shows little homology to Pol I, with the exception of the 10- 
residue peptide I (Fig. 2). This domain and/or the non-identical 
_ peptides in the C-terminal domain could have different functions 
in T7. polymerase such as, for example, the interaction with 
ther teplication proteins. 
The polA6 mutation reduces the affinity of Pol I for DNA’. 
mutation is a change in arginine 690 to histidine (C. Joyce, 
rsonal communication). The arginine lies on the second of a 
o-helix structure that protrudes into the cleft of the Klenow 
fragment and may be lying in the major groove of B-DNA. The 
amino acid sequence of this two-helix structure in the Klenow 
ragment is highly homologous with a sequence in T7 DNA 
slymerase (peptide VII, Fig. 2, Table 1) and includes an 
inine in the position corresponding to Arg 690 in the Klenow 
fragment. 
-We have compared the amino acid sequences of DNA poly- 
erase I and T? DNA polymerase with the sequence of T7 
NA polymerase. We find that very short segments of polypep- 
tide, corresponding to segments III, IV, V and VII, are weakly 
homologous between the DNA polymerases and a few short 
peptides: that occur in T7 RNA polymerase. The regions of 
sequence-that can be aligned are only 6-15 residues long and 
contain: between three and seven identical residues. Thus, the 
ossibility of an evolutionary relationship between the DNA 
nd RNA polymerases cannot yet be evaluated. 
We and others’? have compared the sequence of Pol I with 
“animal virus DNA polymerases and have found no 
“significant sequence homology. Although this observation could 
result from eukaryotic polymerases having evolved indepen- 
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Fig. 3 Schematic drawing of the large domain of the Klenow... 

fragment showing the regions that are homologous between the. 

two polymerases as well as the locations of the necessary insertions 

and deletions. Homologous regions are dotted. Also indicated is 

the position of the 50-residue subdomain whose structure cannot 

yet be elucidated but whose sequence is highly homologous 
between the two polymerases. 
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Fig. 4 Diagram showing the correspondence between the Pol I 
and T7 DNA polymerase sequences. 


dently from a different precursor, it is also possible that the 
eukaryotic and prokaryotic polymerases have diverged so. far 
from a common precursor that they have lost all trace of 
sequence homology. It is not uncommon to find proteins that 
contain two domains of nearly identical three-dimensional struc- 
ture but which show no significant sequence homology, for 


example rhodanese''.. Also, comparison of myoglobin. and 
haemoglobin sequences reveals examples in which fewer than: 
10% of the residues are identical even though the thr 

dimensional structures are closely similar'?. Thus, it may be 
necessary either to have sequences of polymerases from eukary- 
otic organisms that are more closely related to prokaryotic, o 
to obtain the structure of a eukaryotic polymerase to see whether. 
or not all DNA polymerases have a domain that has essentially 
the same structure as the large domain of Klenow fragment 
involved in binding to DNA. 
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in New Zealand 


In discussing the origin of Cenozoic calc- 
alkaline volcanism in northern New Zea- 
land, R. N. Brothers’ uses a data base of 
‘time-lines’ constructed from 93 selected 
`: K-Ar ages. These time-lines are said’ to 
“represent the oldest dated rocks, and thus 
the initiation of volcanism, at eruptive 
centres throughout the northern North 
Island”. We will show that this is untrue 
_from which it follows that Brothers’ time- 
lines are meaningless. 
Brothers’ oldest time-lines (in northern 
Northland) are 21 Myr. There is ample 
-published evidence, however, of andesitic 
and basaltic tuffs and volcaniclastic sand- 
stones in late Oligocene and earliest 
Miocene (~26-22 Myr) sedimentary 
sequences in northern New Zealand (Fig. 
1)°"*, which indicates considerably earlier 
initiation of volcanism within, or closely 
adjacent to, Northland, although the exact 
-centres have not been determined. 
Younger volcanic centres are identifi- 
able; at least eight early Miocene centres 
are known in northern New Zealand and 
' Brothers has based his time-lines on dated 
rocks from seven of them. The published 
stratigraphic data show clearly that erup- 
tions began in the Middle-Upper Otaian 
Stage (early Miocene, ~23-21 Myr) in at 
least six centres spread along the length 
“of Northland (North Cape, Whangarei 
‘Heads, North Coromandel, Waipoua, 
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ident with the oldest K-Ar dates 
; available from a further two centres 





(Whangaroa', Tokatoka') which presum- 
ably also began erupting about the same 
time. 

Brothers! agrees that eruption started at 
21 Myr in identified centres in northern 
Northland, but bases his hypothesis of 
southward migration of volcanism on a 
17-Myr time-line through Waitakere and 
north Coromandel. The 17-Myr date at 
Waitakere is taken from pillow lavas inter- 
bedded with fossil-dated (mid-Altonian) 
marine sediments that are high in the vol- 
canic stratigraphic sequence*”’ (Fig. 1). 
The lowest volcanic breccias and lavas 
exposed at Waitakere are biostratigraphi- 
cally dated as late Otaian (~21 Myr)°, but 
a number of submarine lahar deposits 
occurring within flysch around Auckland 
city are stratigraphically lower than 
exposed Waitakere rocks’. These lahars 
have features consistent with a western 
origin’ and indicate initiation of volcan- 
ism at Waitakere centre in the early half 
of the Otaian”? (23 Myr). A similar sub- 
marine lahar deposit occurs within late 
Otaian flysch (~21 Myr), 60 km south of 
Auckland**. 

Brothers’ 17-Myr time-line links 
Waitakere with dated plutons at north 
Coromandel’ which intrude the local vol- 
canic sequence which in turn conformably 
overlies Otaian flysch’®. Thus initiation of 
volcanism here is unlikely to have been 
later than 20 Myr. South of Brothers’ 11- 
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“Fig. L The northern part of North Island, New Zealand, showing location and age of major 
centres of early Miocene calc- alkaline eruption. Absolute ages have been determined from a 
combination of K-Ar dates™? and converted biostratigraphic dates based on the International 
Time Scale model of Berggren'* (see right for conversion table from New Zealand stages'*). 
“Generalized columns summarize the stratigraphic evidence for the age of outbreak of volcanism 
‘in six areas, with position of biostratigraphic and K-Ar dates shown (North Cape'®'’, Whangarei 
Heads'®, Waipoua*'®, Hukatere*“°, Waitakere’, north Coromandel'®?!). New Zealand Stage 
symbols: Lw = Waitakian, Po = Otaian, Pl= 


Altonian. 


line (Thames), the base of the ea 

volcanic pile in Coromandel. Peninsula is 
not exposed''’? and therefore none of the 
‘time-lines’ between 11 Myr and 2 Myr can 
date the inception of volcanism. ‘in i 
eastern belt. 

We have shown: (1) that the publi 
stratigraphy, available to Brothe 
cates near-contemporaneous initiation 
major volcanism in two NW-SE belts i 
northern North Island in the early 
Miocene (Otaian, ~23-21 Myr). This vol- 
canism is calc-alkaline in the younger 
flows and intrusions", and, although the 
geochemical character of the older vol- 
caniclastics has not been determined, their 
petrography and geological setting are 
identical to the younger rocks. (2) The 
NE-trending ‘time-lines’, which form the 
data-base for Brothers’ analysis of. 
Cenozoic subduction and volcanism. in 
northern New Zealand, do not record the 
earliest volcanism at most of the localities: 
shown and are random lines connecting 
fortuitously-placed K-Ar dates. Therefore 
a tectonic model based on invalid ‘time- 
lines’ is itself invalid. 
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BROTHERS REPLIES—The comments by 
Ballance et al. reflect the problems of bio- 
stratigraphers trying to equate. an 
imprecise time scale with the more exact: 
ages provided by radiometric methods. 
The time-lines used in my study’ were 
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Editor: J. A. Washington I, Rochester 


2nd edition. 1985. 
ISBN 3-540-96087-2 
In preparation. 


This second edition has been updated to in- 
clude the newest concepts in and approaches 
to specimen collection, bacterial nomencla- 
ture and identification, chlamydial and viral 
detection, fungal serology, parasitic identi- 
fication, antimicrobial susceptibility testing 
and assay, and laboratory safety. 


From the reviews of the first edition: 

«.,. I believe this book is a necessary ac- 
cessory reference text for the clinical micro- 
biology library, and the professional micro- 
biologist will find it extremely useful as a 
selective guide to specific methodologies.» 


J. P. Heggers, 
Journal of the American Medical 


Technologists 
E. Mitscherlich, Göttingen; 
E. H. Marth, Madison 
Microbial Survival in the 
Environment 


Bacteria and Rickettsiae Important in 
Human and Animal Health 


1984, X, 802 pages. 
Hard cover DM 390, — 
ISBN 3-540-13726-2 


Microbial Survival in the Environment is a 
collection of data of fundamental im- 
portance to physicians, veterinarians, epide- 
miologists, microbiologists and public health 
officials confronted with epidemics of 
contagious diseases or outbreaks of food- 
borne illnesses. 


Microbial Adhesion and 
Aggregation 
Editor: K. C. Marshall, Kensington 


1985. 4 photographs, 86 figures, 35 tables. 
X 424 pages. 

{Dahiem Workshop Reports, LS 31) 
Hard cover DM 59, — 

ISBN 3-540-13996-6 


A group of microbial physiologists, ecolo- 
gists and geneticists, industrial microbiolo- 
gists, physical and polymer chemists, and 
bioengineers met to consider trends in the 
fields of microbial adhesion and aggrega- 
tion. New directions for research have 
emerged on mechanisms of adhesion, activ- 
ity of attached microorganisms, biofilm de- 
velopment, and various aspects of microbial 
aggregation. 











Current Topicsin | 
Microbiology and | 
Immunology : 


Volume 113 


Oncogenes in B-Cell 
Neoplasia 


Workshop at the National Cancer Institute, 
National Institutes of Health, Bethesda, 
March 5-7, 1984 


Editors: F, Melchers, Basel; M. Potter, 
Bethesda; M. Weigert, Philadelphia 


1984. 65 figures. XIII, 268 pages. 
Hard cover DM 72; ~ 
ISBN 3-540-13597-9 


The contributions to this volume reflect the 
rapid progress in the elucidation of oncogene 
structures. Of particular interest are the discus- 
sions of newly discovered mutant c-oncogenes: - 
and their functions ~ base-substituted ras 

genes, truncated oncogenes in transforming 
viruses, regulatory mutants of c-myc, and am- 
plified c-oncogenes — as well as of the identi- oe 
fication of the normal counterparts of. some. one) fo 
cogenes. ; 


Volume 114 


1985. 39 figures. Approx. 244 pages. 
Hard cover DM 136, — 
ISBN 3-540-15103-6 


Contents: Archaebacteria and the Origin of 
Eukaryotic Cytoplasm. ~ DNA-Topoiso- 
merases: Enzymes that Control DNA 
Conformation. ~ Defective Interfering (DI) of 
Influenza Virus: Origin, Structure Expression. | 
and Interference. — Biochemistry of Arena- 
viruses. ~ Structure and Diversity of the In- 
fluenza Virus Neuraminidase. 


Volume 115 


Human T-Cell Leukemia 
Virus 
Editor: P. K. Vogt, Los Angeles 


1985. 74 figures. X, 266 pages. 
Hard cover DM 146, — 
ISBN 3-540-13963-X 


This book brings together our current knowl 
edge of human T-cell leukemia virus (TCLY), © 
the first human retrovirus and causative agent 
of human adult T-cell leukemia. Compte- 
hensive and authoritative reviews cover the en- 
tire spectrum of TCLV, from the discovery of 
the virus and the characteristic epidemiology of 
infection and disease to the molecular cloning 
and sequencing of the entire viral genome. 


Volume 116 
Iridoviridae 
Editor: D. B. Willis, Memphis 


1985. 65 figures. Approx. 188 pages. 
Hard cover DM 118, — 

ISBN 3-540-15172-9 : 
The purpose of this monograph is to bring to- 
gether in one volume separate reviews on each 
of the Iridoviridae genera by experts in each > 
area, rather than having a worker. from one iri 
dovirus discipline attempt to analyze the ex= 
perience of all. The theme of the monograph is: 
the use of modern molecular biology and : 
electron microscopy to study the relationship of 
these viruses to each other and to the evolution: 
of viruses in general. eres 

































































eielivgary Theory: Paths into the Future. 
Edited by J.W. Pollard. 
Wiley: 1984. Pp.271. £21.50, $37.95. 





_ Edited by Mae-Wan Ho and P.T. Saunders. 
Academic: 1984. Pp.376. £25, $40. 





‘HAT WILL the next stage be for the theory 
of biological evolution? The contributors 
_ to these two ostensibly futuristic miscel- 
_. lanies only really agree on what it will not, 
orat least, should not, be. They hope it will 
`- have as little as possible to do with the the- 
. ory of natural selection. The theory is not 
- to be dealt with by argument: it is to be wil- 
fully ignored. In the words of Ho and Saun- 
- ders’s introduction to their own book 
(H&S)*, natural selection will be ‘‘relegat- 
ed here to the [explanation of] last resort”. 
~The relegation has been accomplished so 
-successfully that most of the authors seem 
to have forgotten that the theory of natural 
¿selection ever even existed. Ho and 
` Saunders (P) peremptorily dismiss the 
‘entire Darwinian literature on adaptation 
ith the casual remark that those thinkers 
erely “cited [complex adaptations] as 
amples of the great power of natural 
selection’, and after that ‘‘very little 
remains to be said’’. Elizabeth Vrba 
H&S), in a similar manner, declares that 
differential net rates of increase in 
umbers of species in monophyletic groups 
as: received almost no consideration” 
ym previous writers — which is a most 
, singular: description of the literature on 
adaptive radiation. And when Brian 
Goodwin (P and H&S) concludes a gliding 
discussion of ambiguous and slippery 
abstractions with the statement that the 
eory of evolution. contains ‘‘no general 
rinciples: of biological organization 
ause ‘all-has been explained away in 
rms of inheritance and selection’? my 
ead swims. For what are the facts of 
netics, and the explanation of homology 
and convergence by natural selection, if 
not ‘‘general principles of biological 
rganization’’? And what, for that matter 
yen that we are proposing and not testing 
ypotheses) is the difference between 
xplaining something and explaining it 
way, unless the former is a hypothesis one 
. likes, and the latter a hypothesis one would 
_ prefer people to be quiet about? 
However that may be, as this post- 
<< Darwinian avant-garde are determined to 
‘ignore natural selection they clearly have 
“need of something to put in its place. That 
isthe main concern of both books. Various 













































s for achapter in Ho and Saunders, 
o llard; the two books share several 





V More of the same, please _ 





Beyond Neo-Darwinism: An Introduction to the New Evolutionary Paradigm. 


molecular biology, in palaeontology, in 
classification, and especially in 
embryology, which may fulfil that need. A 
similar set of authors covers much the same 
ground for Pollard and for Ho and 
Saunders (although Pollard’s book is the 
best of the two). Janvier (P) gives a clear 
introduction to cladism, marred only by 
his attention to the character defects 
(authoritarianism etc.) rather than the 
reasoning powers of its critics; but Nelson 
and Platnick’s cladistic essay in H&S, I 
suspect, will be intelligible only to 
experienced readers — who else could be 
expected to know that, when they say 
things like ‘‘Darwinism ... is, in short, a 
theory that has been put to the test and 
found false’’ they actually mean that 
ancestral species are tricky to represent in 
cladistic classifications? Nostalgic 
Lamarckism is discussed by Steele et al. 
(P), Pollard (H&S) and Ho (H&S). Steele 
et al. conclude that the evidence is ‘‘in 
support of’’ Steele’s own somatic selection 
hypothesis; and they do not accept Brent et 
al.’s experimental contradiction of it 
(Nature 295, 242; 1982). Brent ef al.’s 
result, they say, ‘‘may in part be due to the 
in vitro CML assay employed’’, which is 
the kind of remark I need immunological 
help with. 

in the final chapter slot, Popper (P) on 
“evolutionary epistemology” is probably 
of broader interest than Margaret Boden 
on artificial selection and biological 
reductionism and C. Sunha’s ‘‘socio- 
naturalistic approach to human develop- 
ment” (both in H&S). Pollard’s book, 
moreover, opens with a sensible chapter by 
Riddiford and Penny, on such subjects as 
whether natural selection is a tautology. 
Their patient review is probably made up of 
too familiar stuff to interest Darwinian 
readers; but it is still a source of great 
comfort. How reassuring it is to think that 
all those authors who cannot find anything 
to choose between divine creation and 
natural selection are going to receive a 
refutation of their views bound into their 
complimentary copies! I recommend it to 
them. 

In both books, embryology is the main 
subject. Embryology potentially has much 
to offer to the theory of evolution, and 
even the most sullen Darwinian stick-in- 
the-mud would endorse Goodwin’s (P) 
conclusion that ‘‘in order to understand 
evolution we must understand develop- 




























































construed too exäctly: The her tal 
changes responsible for the evolution oO 
dinosaur’s forelimb into a bird’s wing mus 
have exerted their effects by means of. 
changes in embryonic development: the. 
transformation must have been 
developmental. Therefore, if we knew how 
development took place, we might be 
better placed to find out more about the 
course of evolution, and the kinds of 
mutations needed to effect it. Lobject only: 
to being told that this conclusion is new, or. 
that it topples some wretched orthodoxy: it 
is old hat, and none the worse for that. © 
Embryology might also be useful in. 
another, related way. It might help us to. 
understand the range of possible variation: 
of a trait. For many traits, we know 
something about how natural selection 
would act on them, but rather less abou: 
their range of variation. In the absence of 
better knowledge, we have to maki 
assumptions; but obviously they need to be. 
substantiated. Our assumptions, it is true, 
do go beyond the facts; but it is an absurd’ 
exaggeration of Ho and Saunders (H&S) ta 
say that ‘“‘the neo-Darwinian concept of. 
random variation carries with it the major’ 
fallacy that everything conceivable is. 
possible’’. It does nothing of the sert. No 
such assumption is necessary, nor has it: 
ever been made. Natural selection can still : 
work if the range of variation is limited. Ho 
and Saunders, however, appear to deny. 
this. In their new ‘‘paradigm’’, they. 
suppose the array of forms in nature to. 
consist only of such variations as hav 
occurred, natural selection not having 
chosen among them. Thus: “whether or 
not a particular feature appears in 
evolution largely depends not on its relative 
fitness once it occurs, but on the 
probability that it ever occurs at all”, This 
really is different from neo-Darwinism; but. 
it is a familiar argument, rejected (or 
“largely” rejected) by neo-Darwinians 
because it (largely) does not explain how 
organisms could be adapted for life. 
Goodwin makes a better, if smaller 
embryological point. He explains it in 
terms of limb loss in evolution; but the 
point is general. Biologists have often. 
asked which particular digits have been lost): 
from reduced limbs, and which remain. 
But if digits develop out of morphogenetic: 
waves, controlled by Turing-like field’ 
equations, and a pentadacty! limb evolves 
into a tetradactyl one when a standing wave 
changes from a five-peaked to a four- 
peaked condition, it could be nonsense to 
ask which digit had been lost: the four .. 
digits do not really correspond to any four.” 
out of the original five. If, with Goodwin, 
we can take it for granted that limbs do” 
indeed develop in this way (and he says itis: 
“amply demonstrated in developmental 
biology’’), the point should be well taken.” 
At all events it is a curious conceptual 
possibility. 
Goodwin’s suggestion easily fits in with $ 








| expectations that they could never loosen 
their minds to accept the greater simplicity. 












less V@atisfactory 
evolutionary “paradigm” that biologists 
“persist in deceiving themselves with. Now, 
I do not think biology even has ‘‘a 
paradigm; but I do not want to argue niet 
that: what I do deny is that Goodwin’s 
¿work demands any deep changes in the 
theory of evolution. 
In general, these volumes completely fail 
- to show that natural selection should be 
relegated to the explanation of ‘“‘last 
resort’. Not all the ideas discussed are 
wrong, or unimportant: but those that are 
“probably correct are already incorporated 
n the Darwinian theory, or can be added to 
it without conceptual difficulty; and those 
that are not, have for that reason already 
been rejected. Darwinism is not as vacant, 
nor as silly, as these authors portray it. Itoo 
hope to spend my declining years thinking 
“about evolution. But I still expect to make 
‘frequent resort to Mr Darwin's theory, 
‘which has survived over a century of 
criticism: to his theory of natural selection. 
After all, what else do we have? g 

















































lark Ridley is the Astor Junior Research 
-Fellow of New College, University of Oxford. 
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In Search of Schrédinger’s Cat: Quantum 


“Physics and Reality. 
| “By John Gribbin. 


Wildwood House/Corgi/Bantam: 1984. 
Pp.302. Hbk £12.50; pbk £2.95, 38.95. 
Quantum Questions: Mystical Writings of 
the World’s Great Physicists. 

Edited by Ken Wilber. 

Shambhala, PO Box 271, Boulder, 
Colorado/Routledge & Kegan Paul, 
London: 1984. Pp.208. Pbk $8.95, £8.95. 





THESE books confront us with two totally 
different yet intellectually entwined 
approaches to that most extraordinary of 
this century’s revelations. Gribbin’s popu- 
larization of quantum theory I approached 
with sympathy; Wilber’s collection of ess- 
ays with something akin to scorn. 

In Search of Schrédinger’s Cat is the 
more straightforward book. It is one of a 
small number, none of them particularly 
successful, which attempt to convey the 
content of quantum theory to a lay audi- 
ence, That audience is generally presumed 
to expect bewilderment, the folk-appreci- 
ation of quantum theory, and generally it 
gets it. Popularizations begin with the pre- 
cept that quantum theory has overthrown 
our most fundamental expectations of the 
world, and has replaced them by deep per- 
plexities. Gribbin shares with his readers 
his astonishment and delight that so much 
oddness may be taking place around us, 
and successfully conveys his opinion that 
deep down the world is mysterious beyond 
our dreams. All this he does with an admir- 
able desire to convey insight and wonder. 
However, the execution is uncontrolled, 
and for many pages he wanders off into the 
mechanisms of lasers and semiconductors. 
These excursions are intrusive, and the 
book would have had more impact without 
them. 

Be that as it may, I must confess that Ido 
not approve of the impact the book might 
have had. Gribbin favours awe. That cer- 
tainly makes for better journalism, but in 
the later stages of his book, after we have 
been saturated with astonishment, he un- 
furls his true colours and flies the flag of 
many worlds. This minority interpretation 
of quantum theory is plainly a science fic- 
tion writer’s joy machine: it is the opium of 
the physicist, and being so outlandishly 
profligate (resembling the hypothesis of 
God) its acceptance seems to me to 
abnegate the scientist’s duty to seek truth in 
simplicity. 

Gribbin’s book is a child of the public 
wonderment of the discoverers of quantum 
theory, and his awe is fuelled by theirs; for 
since the founders of the subject were be- 
wildered it is hardly surprising that their 
interpreters convey a sense of stupefaction. 
I, however, prefer to think of the quantum 
fathers as being so steeped in their classical 











their discoveries implied. Even: 
Heisenberg, who is represented in Wilber’s 
collection of essays, seems to me to have 
misunderstood the uncertainty principle by 
interpreting it as limiting our ability to” 
know the present, rather than appreciating ; 
that it constrains the meaning of 
“complete description”, and not our 
ability to know it. Classical physics, < 
quantum theory shows, is overcomplete, 
and attempts to impose descriptions that 
are too complete for reality to bear; 
quantum weirdness stems from our 
insistence on answers to classically condit- ; 
ioned, meaningless questions. ; 
But Quantum Questions goes ‘beyond 
the misconceptions that plagued the : 
founding fathers. It is a collection of their 
essays in which they reflect on mysticism, 
technically interpreted to mean the direct 
discernment of reality beyond the image, 
and in particular the experience of the real- ` 
ity beneath the mathematics. There is, of 
course, a narrow line between hallucinat- 
ions, in which the divine is purportedly 
directly experienced, and the. kind of. 
comprehension being groped for by the. 
quantum physicists as recorded in these 
informal essays. They could dimly seethat 
the homomorphism of mathematics and 
the world, the fact that mathematics works © 
and is our key to the exploration of the 
workings and structure of the world, must 
entail something much deeper than at first 
might appear. They variously muse and 
strive in these essays to identify the sub: 
stance beyond the mathematical shadows 
on the wall. For what it is worth, Lam sure 
they are right, and that the hand-in-glove.. 
fit of mathematics and ‘‘reality’’ must be. 
more than a coincidence. I personally: 
suspect that it reveals a consonance of the 
logical structure of mathematics and the. 
structure of spacetime, and that one is in” 
some sense in resonance with the other. 
I emerged from Wilber’s collection, and 
his charmingly seductive introduction, in 
some sympathy with these night-thoughts. 
Of course, there is no resolution of the cen- 
tral question, and there is a great.deal.of ` 
foggy twaddle peddled by the pessimistic: 
Schrödinger views science as silent on the 
world near the heart; Heisenberg remarks 
that one cannot think about ethical prob- 
lems rationally, and de Broglie seems 
unduly contaminated by the deep pessim-. 
ism of Bergson, who was dangerously in- ` 
fluential yet failed to appreciate, as some 
still do, the extraordinary and probably. 
limitless power of science. Yet, among the © 
twaddle there are thoughts worth thinking. © 
Those with a mind attuned to the deeper. 
problems of the world will find little satis- 
faction from this volume, but they should. 
take pleasure from much, and -generally 
wholesome, provocation. Oo 
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microbial processes producing flavours and food-related 
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d currency of the journal. Microbiological 
Sciences reviews current research, informs of 
conferences and upcoming meetings, reports 
‘om the subject divisions of the IUMS and 
its special commissions, and discusses events 
king place outside these fields that affect 
the situation or practice of microbiology. 
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The Journal of Applied Bacteriology includes l 

a new section Letters in Applied 

Microbiology. The aim of this associated 
publication is to be rapid publication of 

original research, particularly for applied 
microbiologists in industry, consisting of _ i 
wide-ranging short papers. Letters in Applied = 
Microbiology will publish papers in allthe = 
areas covered by the Journal of Applied 
Bacteriology including environmental, food, 
agricultural, and pharmaceutical 

microbiology. The journal will reflect the 
developments in biotechnology, moving from oe 
the research laboratory to applications, by — 
coverage of such fields as applied genetics, | 
immunodiagnostics, cell culture and 
fermentation science. Volume 1, nine issues, 
of Letters in Applied Microbiology, will be 
supplied free to all subscribers of Journal of — 
Applied Bacteriology from April 1985. 
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JOHN Dickinson is an organic chemist who 
has specialized in biomedical research in 
clinical laboratories. At present he is an 
Bee executive in a pharmaceutical firm, with 
-responsibilities for science administration. 
Itis from this diverse perspective that he 
owrites about the role of science and 
technology in modern society. He begins 
“;, by expressing distress about what he views 
-as growing public antipathy to science, his 
-end purpose being to demonstrate that in 
-= its methods and ethics, as well as its specific 
contributions, science is an important and 
positive agent of progress. 
Dickinson describes the distinctive fea- 
tures of scientific research, distinguishing 
“it from other data-gathering activities. 
| Tracing the scientific method through the 
formulation of theories and hypotheses, 
and: the testing of hypotheses by experi- 
: ment, he argues that it is “‘the leaven of 
disciplined imagination which imparts to 
scientific research a special place among 
other intellectual activities”. He also con- 
lers the relationship between fundamen- 
tal and applied research, drawing attention 
to the symbiotic and synergistic relation- 
iip between science and technology, and 
ie importance of this relationship to the 
cial contribution of science. 
With this as background, Dickinson 
: ~ turns to the education and socialization of 
_ scientists, suggesting how they are prepared 
-cto deal. critically and creatively with the 
: = multi-faceted and often shifting character 
.. of problems. He then describes the social 
‘environment of research, career and mo- 
bilization patterns, job satisfaction and the 
question of public recognition. 
Inthe book the scientist is examined as 
both a professional and a citizen. As pro- 
. fessionals scientists are faced with several 
responsibilities that are sometimes in con- 
flict; for example, their responsibility to 
“an invisible college” of peers may some- 
times conflict with their responsibility for 
the possible use or abuse of their work. In 
looking at the scientist as citizen the focus 
is upon. the researcher’s responsibility to 
society, and Dickinson notes the recent 
shift from the traditional apolitical stance 
¿sas scientists have increasingly become 
“engaged in controversial issues. 
- © "This book wades into most of the major 
_* issues in “‘science and society’’, the author 
ae himself emerging as a profound optimist. 
Dickinson: sees science and technology as 
the solution to many problems, ranging 
om the depletion of non-renewable re- 
ircės to cancer: science is ‘‘the potent 
fuel of change and progress’’, to be viewed 


































































ture in the broadest se isan activity 
that is basic to the construction of “world 
equity and peace’’. Thus he calls for 
scientists to ‘‘exercise greater influence 
upon political life’’ at all levels. 

It is with this attitude that Dickinson 
returns to his worries over science as a 
scapegoat. He sees anti-science sentiments 
as dangerous, threatening and widespread. 
Yet, violating his own description of how 
scientists work, he offers no supporting 
evidence for the assertion. In fact, the evi- 
dence available from surveys, and sug- 
gested by both public interest in popular 
science and the tone of most media cover- 
age, is quite otherwise. Dickinson, how- 
ever, is not alone in his view. Many 
scientists tend to translate public criticism 
of certain technologies such as nuclear 
power, or concern over specific scientific 
procedures into wholesale rejection of the 


expect to be loved? After al 


doctors, journalists and businessm 
routinely subject to public criticism. Sho 
scientists be exempt? For some reason, n 
other profession, except perhaps the clergy 
expects to be so revered. 

Dickinson has painted a helpful an 
broadly based picture of the scientific com 
munity in its many and undeniably. impor 
tant roles. But it is a picture that is m 
likely to increase awe and overexpectation. 
than to lessen the gap between science and 
the public. I wish the author had used his 
material to create a warmer portrait’ of 
scientists, less as saviours than as real 
people engaged, as so many others, in 
useful and necessary human enterprise. 











Dorothy Nelkin is a Professor in the Cornell 
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Modeling Dynamic Phenomena in 
Molecular and Cellular Biology. 

By Lee A. Segel. 

Cambridge University Press: 1984. Pp. 
300. Hbk £25, $49.50; pbk £8.95, $12.95. 


PROFESSOR Segel heads the Applied Math- 
ematics Department at the Weizmann 
Institute, and is one of the leading figures 
in that shady profession known as 
biomathematics. This book emerged from 
lecture notes for a course in mathematical 
modelling which he has given for several 
years. Some biologists may still wonder at 
the demand for such a course. Aside from 
the ‘‘physics envy’’ that Joel Cohen claims 
is the curse of biologists, isn’t biology still 
an essentially empirical science? Aren’t 
courses in mathematical biology merely 
pandering to idle physicists’ and mathe- 
maticians’ lust for ‘‘relevance’’? Well, 
perhaps, but I feel that perusal of this book 
by any but the most recalcitrant empiricist 
may thaw that viewpoint. 

Professor Segel has striven hard — and 
succeeded quite well — to select topics of 
genuine biological interest, and to present 
their mathematical underpinnings in as 
clear and understandable a way as one will 
find anywhere. After all, what is 
mathematics but a set of rules for logical 
thinking? And what biologist would shrink 
from logic? But of course, the issue is not 
that simple. Biology is, after all, a largely 
inductive enterprise, and many eons away 
from the physicists’ clean mathematical 
formulations. The real test of theory comes 
when the biologist asks: what does 
mathematics tell me that I didn’t know 
already? Or, what experiments could it 
suggest that I wouldn’t have thought of 
myself? To the former question a theorist 


might reply that talk is cheap: ti is 
sufficient merely to say that something i is 
so: that such and such a conclusion follows. 
from this assumption and that. Only a 
calculation based on a clearly formulated 
model can entitle one to draw. firm 
conclusions. Nonsense, replies the 
biologist. More. things are true than yo 
can prove by theorems. And so'th 
argument goes. Finally, I suppose, it is | 
matter of taste whether one find 
mathematical models enlightening © 
confusing. Despite Darwin’s envy of ‘th 
mathematician’s ‘‘extra sense’’, his theor 
did not suffer much for lack of it. ; 
Professor Segel seems to have had thi 
debate in mind, for he takes care to discuss 
just what the role of mathematics is in each 
of the topics he covers. Moreover, he 
eschews — wisely, I feel — the practice of 
‘‘general theorizing’’. He bases each 
chapter on a particular empirical problem, | 
and builds models which address the issues 
the experiments raise. The level of. 
mathematics progresses from very ele- 
mentary in the early chapters to quite 
advanced in the later ones. However, 
mathematically untrained readers may 
never detect the altitude, for Professor: 
Segel has the gift of making advanced 
notions appear simple. The book: is 
crowned by a collection of appendices 
which provide sufficient background 
mathematics that most readers will not 
have to consult outside sources. ; 
Overall, Professor Segel has done an 
admirable job of presenting a broad range 
of mathematical models and techniques at 
a level suitable for upper division students 
in the life sciences. For anyone with the 
slightest interest in modelling biological 
situations, there can hardly be a better 
elementary text. B] 











George F. Oster is Professor of Biophysics, 
Entomology and Zoology at the University of : 
California, Berkeley. 
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Inner Exile: Recollections of a Life with 
Werner Heisenberg: 
By Elisabeth Heisenberg. 
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By THE time Werner Heisenberg had 
“reached his twenty-fifth birthday he was 
already a leading figure in the world of 
theoretical physics. His greatest achieve- 
ments date from his young days, but he 
continued to do most important work in a 
great variety of fields of physics for many 
. years and was still working on deep prob- 
lems until quite close to his death. He was 
he teacher of numerous top-rank 
physicists and a highly skilled expositor in 
“lectures, books and articles, not only with- 
“jn physics but also on many other subjects, 
- among which philosophy had an important 
oplace. 

` Editing his collection of works is an 
enormous task, not yet completed, and the 
“present volume is the first of several. It 
forms the whole of Series B, to be sand- 
wiched between the multi-volume Series A 
“(primary scientific publications, also pub- 
lished by Springer) and Series C (works 
outside physics, published by R. Piper, 
Munich). In this volume works of an 
‘expository nature have been brought 
ogether: books, articles in symposium 
volumes and journals, public lectures, 
right down to remarks in conference 
iscussions. Every piece of material is re- 
produced as it first appeared (in some cases 
n typescript with handwritten equations) 
except that everything originally of large 
format has been reduced, sometimes to the 
‘detriment of legibility. Items appear in 
German, English, French and, in one case, 
Dutch. 

For a non-specialist this volume provides 
n easier survey of the vast range of scien- 
fic knowledge we owe to Heisenberg than 
li Series A. In the first half or so, the 
ranches of physics covered are remark- 


material is concentrated on one topic, 
-Heisenberg’s Unified Theory of Elemen- 
“tary Particles which he single-mindedly 
started to develop 30 years ago in collabor- 
tion ‘with a small number of colleagues. 
This work continued parallel with and, up 
‘to.a point, in full cognizance of the rapidly 
- changing knowledge being accumulated 
elsewhere, but it has not as yet been accep- 
-tedas valid by physicists in general. A very 








ensuing strongly crit al discussion led by 
Wolfgang Pauli, ; 

Brief mention should also be made of 
the few pages in this volume taken from 
post-war publications (produced under 
American auspices) about the lines along 
which work in Germany, aimed at the 
utilization of fission energy, had proceeded 
under Heisenberg’s direction. As 
references to details of that research are 
exclusively to unpublished wartime 
reports, the information provided is rather 
limited. However what we do learn of the 
story links up with the second book 
reviewed here. 

The German original of Inner Exile was 
presented to me by a friend. I could not 
resist reading it immediately from cover to 
cover. In it Elisabeth Heisenberg reveals 
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At home — Werner Heisenberg in 1947, at 
Göttingen, where after the war he became 
director of the Max Planck Institute for Physics. 


herself as a gifted and sensitive writer with a 
wonderful skill in the use of her native lang- 
uage. The translators could not have been 
expected to match the rich quality of the 
original prose, but I did not find any 
serious faults in their work, except for one 
glaring mistranslation that touches on 
something of importance. In an early 
passage telling of her husband’s boyhood, 
the author quotes a word used by a 
colleague to describe occasional bouts of 
hot temper. This word, ‘‘Blutrausch’’, is 
rendered as ‘‘bloodlust’’. The passage 
indicates that Mrs Heisenberg does not 
depict her husband as a saint, but the 
English word would imply a streak in his 
character that is diametrically opposite to 
what she would wish to convey. This book 
need not be seen as putting to rest all 
controversy about Heisenberg’s 
personality, but it is a pity that this small 
word should slip in, fitting as it does the 
vocabulary of his meanest detractors. 

The aim of the book is to relate how 
Heisenberg, after much conflict, decided 
not to emigrate from Germany after 
Hitler’s rise, even though he detested 
Nazism and suffered and was endangered 













country. 
I prefer the German title of the book: 


















pe ‘ 
such as Heisenberg’s would ‘suffer under 
the pressures upon him. To an infinitely 
lesser extent, I experienced them myself: 
Nevertheless I do not think that the book 
will be seen as the final word on this piece of 
history. After all, today — 40 years after 
the Hitler nightmare ended — I think Lam 
not alone, having re-built most happy 
personal contacts in Germany, in having : 
buried deep inside me residues of old sores. 
and bitterness that will not be wiped away. 
They re-emerge, for instance, when Iam’ 
reminded of the way a formerly close: 
colleague of Heisenberg’s returned from a’ 
post-war reunion in deep distress — a guir : 
remained unbridged. 
In the book we are told of a war-time 
meeting between Heisenberg and Bohr, 
and of a disastrous failure of communica: ' 
tion between them. A brief account of the. 
same event is given by Heisenberg in:his 
autobiographical work Der Teil und das 
Ganze (published by Allen and Unwin in’ 
1971 as Physics and Beyond — another dis- 
torted title!). The greatest part of that book 
consists of reconstructions in dialogue 
form of thoughts shared, developed and 
deepened by the author with Bohr, Pauli, 
Dirac and many others. As a way of 
conveying these ideas the presentation is 
attractive and absorbing; nowhere is it 
claimed that the mumbling Bohr, the 
laconic Dirac or the sharp-tongued Pauli 
could actually have spoken like that — nor. 
written the same story. I wish I could have — 
seen a version by Niels Bohr of that war- : 
time meeting with Heisenberg. oe 
These thoughts came to me when I was” 
reading the last few pages of Elisabeth. 
Heisenberg’s book. There she mentions. 
‘bitter scientific quarrels’? between” 
Heisenberg and Pauli over the Unified 
Theory. After Pauli’s death they were 
touched on by Heisenberg in a short mem- 
orial lecture given at a meeting in Trieste. 
(unfortunately not included in. the. 
published proceedings of that. event); 
There he linked Pauli’s abrupt. turning 
away from his own ideas to the onset of the 
latter’s terminal illness. This view brought 
about an emphatic contradiction from my: 
dear teacher, the late Gregor Wentzel. It is _ 
not recorded, but I can vouch for it. Thisis 
but a minor point — yet it is a fragment of 
historical disagreement that I think i 
worth recording. Ge 
























Nicholas Kemmer is Emeritus Professor of 
Mathematical Physics at the University Y 
Edinburgh. a. 





: five years, even the enthusiasts of the 
chnology industry have often been 
rised at the speed with which new 


portunities have emerged. 


THE OBJECTIVE of this Nature conference (the 
second to be held in Britain) is to provide a survey of 
_the recent research that will influence the evolution 
_of biotechnology in the next few years. 


ARTICIPANTS in the conference will be provided in 
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advance with a selection of reading matter intended be held at the Novotel London 


-to provide background to particular talks. 


CONFERENCE PROGRAMME 


Day 1 Tuesday, June 25th 
Morning: enzymes, immunogens 
Dr D. Thomas, Université de Technologie de 
-Compiègne 
Dr. G, Winter, MRC Laboratory of Molecular 
Biology, Cambridge. 
Dr. A: Klug, MRC Laboratory of Molecular 
‘Biology, Cambridge. 


Afternoon: antibodies 
: Dr.d: Birch, Celltech Ltd., Slough. 
"M: Neuberger, MRC Laboratory of 
$ lolecular Biology, Cambridge. 
_» ROUND TABLE DISCUSSION 


Day 2 Wednesday, June 26th 
Morning: biosensors 

Dr. M. Flanagan, University College, London, 
Professor I.J. Higgins/Dr. A. Turner, Cranfield/ 
Leicester. 


micro-organisms 
Dr. S. Emtage, Celltech Ltd., Slough. 


Afternoon: micro-organisms continued 
Professor D. Hopwood, John Innes Institute, 
Norwich. 

Dr. B. Carter, Searle R&D, High Wycombe. 
ROUND TABLE DISCUSSION 


June 25th-27th, 1985 


Day 3 Thursday, June 27th 
Morning: mammalian 

Professor P. Tiollais, Institut Pasteur, Paris. 
Dr. A. Levinson, Genentech, San Francisco, 


Afternoon: plants 

Professor M. Fowler, Wolfson Institute, 
Sheffield. 

Professor J. Schell, Max Planck Institut; Kö 
ROUND TABLE DISCUSSION or FINAL TALI 


POSTER SESSIONS will be held each day. Those wishing: 
to present a brief account of their own work should contact 
Or. Peter Newmark, Deputy Editor, Nature, 4 Little Esse) 
Street, London WC2R 3LF., U.K. 


SPACE IS LIMITED — REGISTER NOW! 


YO REGISTER, return the form below with your 

cheque or authorised purchase order from your 
"organisation TODAY! 

Applications. are accepted only on completion of a 
< booking form -We ask you to complete one form per 


person. 
We cannot guarantee to accept applications received 
; safter dune 3rd, 1985. 


; THE FEE is just £170 plus VAT for the duration of the 
conférence or £74 plus VAT per day. This includes 


entrance to all sessions, mid-morning coffee, after- 
noon tea and advance reading material. Applications 
without payment wili be acknowledged but will not be 
confirmed until payment is received. in cases where a 
participant is being sponsored by an organisation, the 
organisation will be invoiced and once payment has 
reached us the participant will be sent confirmation of 
his or her place. 


ACCOMMODATION has been reserved in the 
NOVOTEL and elsewhere for conference participants. 


A booking form will be sent to you as soon as we 
receive your registration. 


THE CONFERENCE DINNER will be held on Wednes- 
day, June 26th. This is always a popular event and 
SPACE IS LIMITED so make your reservation on the 
form below today. The cost willbe £18. 


NOTE: Canceliations received before May 27th; 1985 
will be refunded less a processing charge. No refun 
can be made after this date. 


TO REGISTER FOR THE CONFERENCE, 
ase.return this form with your payment to: 
DEBORAH JONES, 
Conference Administrator, 
“= Macmillan Conferences & Exhibitions, 
> ALittle Essex Street, 
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advanced research, and 
everything in between: 
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“Automated mutagenicity tests by Labsystems. 
@ Mutascreen, developed and produced 
“by Labsystems, is an automated assay and 
"analyser system for bacterial mutagenicity. 
The test is based on the detection of point 
: mutations in Salmonella typhimurium as 
used in the Ames test. Samples, bacteria 
and the metabolic activation system are 
automatically dispensed by the analyser, 
the bacterial cells mutate and grow in liquid 
medium, and their auxotrophic and proto- 
trophic growth is monitored photometri- 
cally. The photometric system is based on 
vertical measurement so that all cells are 
within the reach of the light beam, and the 
sedimentation of the cells does not affect 
-..the absorbance of the samples. All data on 
+ the bacterial growth patterns are stored in 
a microcomputer. 
¿“Circle No.101 on Reader Service Card. 
@ Cambridge Technology, Inc. has pub- 
lished a new two-page brochure on the ac- 
cessories available for the company’s PHD 
<= Cell harvester. New accessories include a 
“quick disconnect system which allows dif- 
- ferent harvest heads to be changed quickly 
and easily, and a four-port wash manifold 
which permits as many as four different 
wash fluids to be used without changing 
tubing connections. Other accessories such 
asa flow control valve, supernatant collec- 
“tion system, special harvest heads as well 
as.vial trays and pre-cut filter paper are also 
described. 
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TCS dehydrated media. 
@ Tissue Culture Services now offers a 
range of the ‘Top Thirty’ dehydrated media 
for microbiology. Available in 500 g tubs, 
the new media complement the existing 
range of ready-poured plates, broths, 
slopes and blood products for the micro- 
biological laboratory. As an added service, 
TCS can also supply customer-specific 
media. 

Circle No.103 on Reader Service Card. 
@ The Mouse bench-top bioreactor system 
for fermentation and cell culture is a bench- 
top mainframe featuring an on-board 
computer with 8- to 32-bit data handling 
capability, which can control and monitor 
up to.21 parameters simultaneously. All 
values are simultaneously displayed on a 
high-resolution CRT. Digital control of the 
mainframe’s 1/3 HP, high-torque drive 
motor provides precise control of agitation 
at speeds ranging from under 20 r.p.m. to 
2,000 r.p.m. Four interchangeable top 
drive and airlift vessels attach quickly and 
easily without tools. The control and 


monitoring of temperature, air flow and 
agitation speed are standard. The Mouse 
is manufactured by Queue Systems, Inc. 
Circle No.104 on Reader Service Card. 





The Vibra-Cell cell disruptor. 
@ At the ASM meeting Sonics & 
Materials, Inc. is introducing a new low- 
power ultrasonic processor. The Vibra-Cell 
can disrupt cells, bacteria, spores, or 
tissues, prepare an emulsion down to 1/100 
of a micrometre and homogenize liquids. 
in addition, the Vibra-Cell can be used to 
extract sera, toxins, enzymes and viruses 
from organic sources. 

Circle No.105 on Reader Service Card. 





of spec ‘interest to microbiglég: ! 
ASM Convention in Las Vega: 





loops and needles which do not nee 
ing before use. There are three: 





10 x 75 to 17 x 100 mm in optically al : 
polystyrene and chemically resistant p 
propylene. These tubes are avail 
vidually wrapped and in easy-t 
packs. For centrifugation, Elkay i 
15 and 50 ml. capacity stefile a 
sterile disposable tubes. These com 
leak-tight screwcaps, moulded-in gradu 
tions and optional Styrofoam rack: pac 
Every microbiologist visiting the Elkay 
booth at Las Vegas will receive a free. 
sample of the new Elkay Ezee-Write Lab- 
marker which can be used to mark. virtuall: 
any surface, wet or dry. ; 
Circle No.106 on Redder Service 









































MEDIA HANI 


IBOOK 


@ Anew laboratory guide for use in stock 
culture maintenance is now available 
from the American Type Cultu 
tion. The 98-page handbook: contain: 0 
1,000 media formulations used at: / 
to propagate strains of algae, bacte 
lines, fungi and protozoa. Step- by-step 
instructions are given for media prepara- 
tion. Entries are indexed both alphabeti- 
cally with medium name and ATCC: 
medium number, and by species name used ; 
in ATCC catalogues and the medium or. . 
media used at ATCC to culture each 
organism. 
Circle No.107 on Reader Service Card, 















imas little as 2 minutes, is now available 


rom BioMerieux. The kit identifies all the 
 83.serotypes from either liquid (blood) or 
< plate cultures. Also included are both posi- 
_ tive and negative controls with enough re- 
agents for 50 tests. Also new from Bio- 
-Merieux is Staphyslide, a slide agglutina- 
tion test for the rapid identification of 
98% of Staphylococcus aureus strains. 
-Staphyslide is an improved coagulase 
method using fibrinogen sensitized red 
blood cells. Each Staphyslide kit contains 
ufficient reagents for atleast 50 tests and 
includes a negative control. The only other 




























and sizes 
articles 





Circle No. 13 on Reader Service Card. 





Now you can automatically count mast objects 


Counts colonies 


a variety of industrial particies 
counted in less than a second. Whether macro 
or micro. dense or granular. hazy or barely visi- 
ble. the new Biolran Ill can count and measure 


au ‘omatically 


Biolran Ili is simpie to set up, 
and easy to operate Find 
out how it can work for you 


Send today for Brochure 


NEW BRUNSWICK SCIENTIFIC CO,INC. 


PO Box 986 + 44 Talmadge Rd., Edison, N.J. 08817 + 201/287-1200 
A! NBS Advanced Technology is a Way of Life 


See us at ASM Booth Nos. 756-758, 801-803. 






equipment needed are clear slides and a 
loop. 
Circle No.108 on Reader Service Card.” 





Advertisement 





that can be seen with the naked 
eye or through o microscope 
Bacterial colonies, plaques. micro- 
scopic cells and grains. as well as 
all can be 


C| based and incorporates applications softe 


© Optomax, Inc. has introduced a t 

vision scanning image analyser specificall: 
aimed at biology/microbiology applica- 
tions. The 40-10 System is microprocessor. 








ware as standard. Suitable for use either 
directly with a microscope or with the- 
Optomax Macro Stand, applications 
include chemotaxis assays, inhibition zone 
diameter measurements, autoradiograph’. 
grain counting, colony and plaque count- 
ing, fluorescent bacteria counting and cell 
clone counting. Data are presented on a 
front panel display and hard: copy. is 
provided by the built-in printer. Options 
for 40-10 include interfaces to external — 
computers, automatic Petri dish r 
(for inhibition zone analysis) and 
focus. 












Test tube racks for smaller spaces, 


@ If half-full test tube racks are clutter- 
ing your refrigerators and benchtops, the 
new space-saving ‘half racks’ from Bel-Art 
Products may solve your problems. A new ` 
addition to Bel-Art’s Poxygrid line of 
epoxy-coated wire racks, the half racks are 
resistant to most chemicals, and are 
autoclavable. Available in green, blue and 
orange, there are three sizes of rack holding 
10-13, 15-16, and 18-20mm tubes in 36, 24, 
and 20 places respectively. 7 
Circle No.110 on Reader Service Cai 












vitually any object in sight. And numeri- 
cal counts and orea 
measurements are 
highly reproducible 





800/631-5417 



















Compact freeze-drying from FTS. : aS 
@ The Flexi-Dry from FTS Systems, inc. 
provides all that is needed in a compact : 
bench-top freeze dryer. The Flexi-Dry is 
available with condenser temperatures to” 
-84°C, acrylic or stainless-steel -12-port 
manifold, and 1-litre condensate capability. 
The optional titanium condenser, coupled 
with the acrylic manifold, provides a 
system with high corrosion resistance. 
Circle No.111 on Reader Service Card: 





Genetic Engineering | 
Interesting and challenging E 
opportunities with the leading 

British pharmaceutical company 
Greenford, Middlesex. 


Glaxo has been a world leader in natural products since the 1940's and has helped to 
pioneer many of the developments in this field. ‘a 
At our Greenford laboratories, we have developed a range of techniques for in vitro” 
mutagenesis and work is carried out in collaboration with biologists and oligonucleotid 
chemists. Computer graphics and X-ray crystallography are used to understand t ree 
dimensional structure and structure/activity relationships. Fana 
We now wish to expand our prokaryote teams in order to commence cloning in 
mammalian cells and seek two experienced genetic engineers, preferably in their late © 


twenties or early thirties and with a PhD. qualification. One of the posts to be filled will 
be that of Group Leader. 


Our salaries are competitive and include two bonus schemes and an Outer London’ 
Allowance. Other benefits include a non-contributory pension scheme, flexible hours 
and many sports and social activities. Relocation expenses will be paid where _ 
appropriate. ey 


Please write with full career details to: The Personnel Officer (REN), Glaxo Graup: 
Research Ltd., Greenford Road, Greenford, Middx. UB6 OHE, quoting ref. 574. ; 


(5624)A 


axo Group Research Ltd. 


- IMPERIAL CANCER RESEARCH FUND- | 
UNIVERSITY OF KARLSRUHE Scientist 


3 CHAI R FOR APPLIE D (Head of Biochemical Services Unit) 
; f required at our new laboratories at Clare Hall, South: 
Pale Hertfordshire which will be opening in April 1985. The pi 
G E O P H YS | CS permanent after a one-year probationary period. i 3 
The Unit will carry out work for other ICRF Laboratories initially in on 
or more of the following areas: — POSED 
he University of Karlsruhe has installed a new Chair for Applied (a) Large and medium-scale protein purification. Several research _ 
eophysics at the Faculty for Physics. The Chair is part of the groups within the Fund require partially purified preparations. of- 
ophysical Institute. The holder of the Chair will represent enzymes, growth factors, membrane proteins etc., from animal tissues | 
ied geophysics oee in research and teaching — eukaryotic cells or prokaryotes carrying recombinant DNA, Bulk 


Ste ee fnr tions (up to 10kg starting material) will be carried out within the 
pplications for the position of a full-professor (C4) are invited. Bicchemnical lup to 10 Unit g 


ne applicant should be qualified by high academic credits {b) Synthesis of oligodeoxyribonucleotides and/or oligopeptid 
habilitation’ or foreign equivalent) or by a comparable These will be synthesized with commercially available equipment ai 
xperience in research and teaching outside the universities. precursors. oc 

e applicant should be recognized internationally by a series of íc} Preparation of reagents for molecular genetics. he 
ignificant publications, and should possess experience in the (d) Medium-scale growth of micro-organisms. A fermentor fo 
levelopment of methods in seismic exploration. It is expected purpose is on site. The material will be used by other scientists in th 
hat. the successful applicant cooperates with the research Fund for the preparation of reagent proteins etc. ee 

gram ‘stress and stress release’ at Karlsruhe University, with The person appointed will be expected to have a PhD, plus atleast three 
German continental reflection program (dekorp) and with years appropriate post-doctoral research training, and to have had 
he German continental deep drilling program (ktb). After a considerable laboratory experience. Protein purification experienc: 


i : Paer F ; especially desirable. Facilities for innovative research. and 9 
eriod of adaptation teaching is required in German. development of new procedures will be available. In addition there wi 


\plications with curriculum vitae, diploma certificates, be responsibility for overseeing the Unit, quality control and the 
ist of publications, reprints of most important papers, supervision of the associated technical personnel. An initial staff of 
mary of research and teaching activities should be three persons is envisaged. i ; ee 
ent not later than 15th April 1985 to: Salary range £12,542 to aag e a London Weighting} with 
2 x entry according to experience. i B; ee 
Dakin kaa baa dal Applications, including detailed CV. publications andthe names 
Postfach 6380 and addresses of three Utero shite be forwarded to. — 
s: >M. riuriey, 
D-7500 Karisruhe 1 ¿ Personnel Officer, 
Fed. Rep. Germany incoin Cancer Research Fund, 
(W1657)A inc Fields, London W.C.2. 
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...for Chemists in West Germany 


Du Pont is a leading international corporation, with 
a major commitment to research and development, 
which employs over 6,000 research scientists 
world-wide. 


Our R&D laboratory at Neu Isenburg, near Frankfurt, 
is one of ten within our Photosystems and Electronic 
Products group. Its 50-strong R&D team provides 
support to a nearby production facility — which 
manufactures photographic films — and carries out 
fundamental and exploratory research in the area of 
photosensitive processes. 

To further strengthen this laboratory's research 
capability, we now seek enthusiastic scientists eager 
to gain experience in new fields within a results- 


orientated and forward-looking environment. 


- Our need is for young men or women, 
= ideally with knowledge/experience in 
photo-chemical processes, who have 
recently completed a PhD in Organic 
Chemistry or Photo Chemistry. 


After an initial introductory period, you 
will be assigned to a development team, 
probably involved in the formulation or 
introduction of a new product. As you 
gain experience, you will assist in defining 
goals and identifying promising new 
research areas, as well as energetically 
< and independently pursuing project 
_ objectives. Contacts with your counter- 
parts in other R&D laboratories are 
-encouraged and liaison with the manu- 
- -facturing and marketing organisations will 
- be an important part of your work. 


These rewarding posts call for a high level 
of creativity, a capacity for independent 
thought, and the ability to communicate 
effectively in formal presentations and 
informal discussions. 

Applicants with a knowledge of German 
will be preferred, but a willingness to 
learn the language will be acceptable. 
We offer a highly attractive salary and 
compensation package based on German 
national practice. Generous assistance 
will be provided to enable you to relocate 
to this pleasant part of Germany. 

Please write in the first instance with 
full career details to Trevor Coulson, 
Personnel Adviser, Du Pont (UK) Limited, 
Wedgwood Way, Stevenage, Herts, or 
telephone Stevenage (0438) 734786. 


Photo Products 





CCIRG 
AUSTRALIA 
RESEARCH SCIENTIST/SENIOR 
- RESEARCH SCIENTIST 
$A25,342 — $A37,274 
- DIVISION OF FOSSIL FUEL 
: NORTH RYDE NSW 


LD: Ash Formation During Coal Combustion. 


O conducts scientific and technological research in laboratories 

fed throughout Australia and employs about 7,500 staff of whom 

me 2,900 are professional scientists. The Organization's research 

ctivities are grouped into five Institutes: Animal and Food Sciences, 

iological Resources, Energy and Earth Resources, Industrial 

nology and Physical Sciences. The CSIRO Division of Fossil Fuels 
ember of the Institute of Energy and Earth Resources. 


IENERAL: The Division of Fossil Fuels forms part of the institute of 
tgy and Earth Resources. The Division has a leading reputation in 
e science and technology of coal utilization, including the 
ombustion of coal in power generating systems. The Division is 
utrently expanding its research into the coal preparation, combustion, 
nd environmental control aspects of the use of pulverized coal in 
wer plants. Particular emphasis is being given to the manner of 
rmation, and properties, of the ash formed during combustion from 
ie inorganic species present in the coal. The aim of the research is to 
svelop strategies, based on sound understanding of fundamental 
rinciples and of practical combustion systems, to reduce problems 
ue to ashes that foul and corrode, or erode boiler tubes, and to help 
elop improved systems for the control of particulate emissions. The 
vision is at present increasing its experimental facilities to study 
lverised coal combustion under controlled conditions, ranging from 
ngle particle’ studies to the use of simulated power station flames. 


UTIES: The appointee will carry out research on the physico- 
mical processes undergone by the inorganic constituents of coal 
3 combustion, in order to understand the manner by which ash is 
tmed, and how the process of formation might be modified. The 
ppointee will join an existing team at an early stage of its work on coal 
sh. Combustion and diagnostic equipment will be available for use and 
development, and access will be given to chemical and physical 
lytical facilities, including optical and electron microscopes. 


QUALIFICATIONS: A PhD degree or equivalent qualifications in 
inorganic’ chemistry, metallurgy, or chemical engineering plus 
monstrated research ability. Research experience in the behaviour of 
organic species at high temperatures, or in coal combustion, is 
rable. 


ENURE: A term of three years with Australian Government 
superannuation benefits available. 


PPLICATIONS: Stating relevant personal particulars, including 
tails. of qualifications and experience, the names of at least two 
professional referees and quoting reference No. A4163, should be 
directed to: 


AUSTRALIA 2113 
By 4 weeks from date of publication 


CSIRO IS AN EQUAL OPPORTUNITY EMPLOYER (W1660)A 


DEPARTMENT OF PHYSICS 
QUEEN'S UNIVERSITY 


Research Positioris: 


Applications are invited for positions in the following areas: nuclear and 
accelerator based physics: nuclear structure, nuclear astrophysics, 
PIXE with a proton microprobe and applications of ion beams and 
clear techniques to materials science. Solid state and applied 
physics: magnetic inspection techniques for gas pipelines and nuclear 
reactor pressure tubes, ferromagnetic hysteresis, nuclear magnetic and 
uadrupole resonance, solid state theory, fast ion transport, surface 
iffusion, thin films and ferroelectrics, dielectrics, physics at millikeivin 
temperatures, phase transitions, positron many body interactions in 
metals, positronium in crystals and fluids, metals at high magnetic 
fields, ultrasonics. Astronomy and astrophysics: galactic structure and 
evolution, general relativity, relativistic astrophysics, radio 
astrophysics, stellar structure and evolution, star formation and the 
iterstellar medium, observational cosmology, star clusters. 
Candidates of either sex are equally encouraged to apply. Salary 
pendent on qualifications. 
Please apply, enclosing a curriculum vitae and the names of 
three referees, to: Dr M.J. Stott, Head, Department of Fhysics, 
Queen's University, Kingston, Ontario K7L3N6.  (NW1523)A 


TEMPORARY MOLECULAR BIOLOGIST 


The institute has a vigorous programme of research in molecular biolog 


related to disease control in poultry. Applications are invited from ex- 
perienced molecular bilogists to join the Genetics Group which is work- 
ingon the genes of the major histocompatibility complex of the domesti 
fowl. Candidates should have experience in cloning and determinin 
expression of eukaryotic genes using cosmid and lambda vectors an 
it would be useful if they had experience on the identification of mR! 
species transcribed from eukaryotic genes. 


TEMPORARY IMMUNOLOGIST: 


An immunologist is required to study celluar interactions in the im 
mune system of chickens in order to provide a rational basis for the 
development and presentation of vaccines, particularly novel nes. 
produced by genetic engineering techniques. The initial objective is the 
production of monoclonal antibodies specific for lymphocyte popula 
tions and subpopulations and the development of in vitro assays | 
soluble mediates such as interleukins. eee 





Applicants should have a first or upper second class honours degree. 
in a biological subject and preferably a PhD., with at least two years — 
relevant post-graduate experience. Pad 


The appointments will be made in the Higher Scientific Officer grade, E 
salary: £7,435 x 6 to £10,039. ‘ 


In accordance with the provisions of the Employment Protection (Con- 
solidation) Act 1978, staff on short term appointments are required to” 
waive any statutory rights to redundancy payments, or to make claim: 
of unfair dismissal, in respect of termination of appointment of th 
due date. en 

For further details and application forms please contact the Secreta 
John Andrews at Houghton Poultry Research Station, Houghton, Hun. 
tingdon, Cambs. PEI7 2DA, tel. St. Ives (0480) 64101. Closing: 

for applications is 22nd March 1985. a 

The Houghton Poultry Research Station is an Equal Oppo 
Employer. e 


Biotechnology Research 


RESEARCH 
SCIENTIST 


Connaught Laboratories is seeking a molecular biol 

an active and expanding molecular genetics group. Applicar 
should have a Ph.D. with relevant post-doctoral experience in| 
recombinant DNA technology and a record of achievement |. 
indicating originality and technical excellence. Preference v 

be given to those individuals with expertise in: cloning and) 
expression in yeast systems. ` : ah 


Connaught Laboratories has been a major producer 
biologicals for human and veterinary use for seventy years. O 
research facilities are located in Toronto, Ontario; The} 
Company offers a competitive salary and compre! vei 
benefits package along with the opportunity to work in a]. 
stimulating, multidisciplinary research environment. ~ 


Curriculum vitae and names of three references s o 

sent in confidence to: Dr Keith J. Dorrington, Vice 
President Research and Technology, CONNAUGHT | 
LABORATORIES LIMITED, 1755 Steeles Avenue 
Willowdale, Ontario, Canada M2R 3T4. (NW153 


ANEQUAL OPPORTUNITY EMPLOYER ` = 


CA CONNAUCHT | 


where service complements research | 








RATES USA and Canada — $85.00 per inch. $4 U.S, ischarged for the re-direction of replies to advertisements with a box number. 


“CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at hi 
absolute discretion and without explanation. The Publishers will not be liable for any loss occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they accept liability for printers’ errors, although every care is taken to avoid mistakes. 


CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


UNIVERSITY OF 
LEICESTER 


DEPARTMENT OF GENETICS 
TECHNICIAN 


< The Department has a vacancy for a 

temporary Grade 3 Technician for a 

-one year period commencing as soon 
ossible:: 

t is concerned with varia- 

quences within popula- 


tology and/or 
~ would be an 


ust have at least ONC 
Salary £5,399 — £6,325 


in full to Chief 

ics Department, 

; of Leicester, University 
eicester LE] 7RH by 1 April 

985 quoting one referee. 
; ; (5570A 


OXFORD POLYTECHNIC 


DEPARTMENT OF 
CATERING MANAGEMENT 


Faculty of Technology 


PRINCIPAL LECTURER IN 
FOOD SCIENCE 


Post No CM/5 


to lead teaching and research in food 
science and nutrition. Applicants 
should have a higher degree and 
appropriate experience. The post is 
available with effect from Ist 
September, 1985. 


Salary scale £13,095 to £16,467 pa. 


Further details and application 
forms may be obtained from the 
Staffing Office, Oxford Polytechnic, 
Gipsy Lane, Headington, Oxford, 
OX3 OBP. Telephone (0865) 64777 
ext 364, 


Closing date for applications: 29th 
March 1985. (6559A 


UNIVERSITY OF OXFORD 


RESEARCH 
APPOINTMENT IN 
METASTATIC TUMOUR 
SPREAD 


It is proposed to make an appoint- 
ment on an annual basis for a full 
time appointee to carry out funda- 
mental laboratory research on the 
mechanisms of metastatic tumour 
spread. Applicants must have 
experience in surgery or clinical 
oncology and an interest in aquiring 
knowledge of cell biology and 
pathological techniques. The 
apppointment may be in association 
with an Oxford College. 


Salary equivalent to medical regis- 
irar grade. 


Full CV, statement of experience, 
list of publications, and names of 3 
referees to: Dr David Tarin, Nuffield 
Dept of Pathology, John Radcliffe 
Hospital, Oxford OX3 9DU. 

(5613)A 


search Ieam 


Molecular Genetics 
_ Major New Medical Diagnostics Division 


MEDICAL RESEAR 
COUNCIL © 


MRC RADIOBIOLOGY. 
POSTDOCTORAL. 


A geneticist or biochemist: 

for a 3 year postdoctoral. a 
ment, to work on the molecul 

of mutation in the mouse. Th 
cessful applicant will join, a 
working on mutagenic effect 
radiation, and other agents i 
whole mammal, and thereby ge! 
ing mutants for study. A very wide: 
lection of mutants is already 


Salary and conditions of sei 
cording to MRC non-clinical scien! 
scales. Hostel accommodation 
single, and temporary housin; 
married people may be availabl 
unit is situated in a pleasant rur: 
within easy reach of Oxford 


Applications, together. wi 
and names of two referees, sho 
sent to the Personnel Offi 
Radiobiology Unit, Harwell, L 
Oxon OXI! ORD. (55. 


.. Our client, a multi-billion pound international group, is going 
~ through a period of major diversification including the 
establishment of a new autonomous Medical Diagnostics 
< Division. The new company is pursuing a broad strategy 
bracing strong in-house research, product licensing, 
collaborations and company acquisitions designed to make 
the company a major force in diagnostics. 
The Research Team Leader we seek will be responsible 


<. fordevelopment and implementation of research strategies in 


"nucleic acid probe-based diagnostics, including non-isotopic 
“detection technology and development of new probes. This is 
 anexciting opportunity to build a new and dynamic research 
teami: Itis important that the Team Leader should have broad 
knowledge and interests as well as a flexible and adaptable 
approach to research areas geared to the market place. The 
ajor task will be to lead a programme of research using 

in-house and contract/collaboration resources. 
-We would like to discuss this role with applicants having 
good first degree, a PhD in Molecular Biology/Genetics, and 


at least four years research experience in eukaryote molecular. 
biology to include two years of independent research: We will 
be looking for experience of leading a small research group 

and a creative track record. Candidates should have a strong 
interest in the development and applications ofnucleicacid © 
probes and in diagnostics including delivery systems, sample 
preparation and non-isotopic detection systems. This will 
require a rare combination of both research and practical 
interests. 

The company is located on a ‘Greenfield Site’ ina highly 
attractive location and is able to offer a generous relocation 
package as well as the opportunity for career progression as 
this new company expands. AO tit 

If you would like to be associated with this important and. 


substantially funded new venture, send your curriculum vitae, = 


quoting reference TL/MG, to either Geoffrey King or 

Dr Bill Mason of Cambridge Recruitment Consultants who are ` 
advising the company on this appointment which is opento- 
both men and women. 


Cambridge Recruitment Consultants 


International Biotechnology Division 


(5623)A 


ta Rose Crescent, Cambridge CB2 3LL_ Telephone 0223 311316. 





